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The  favourable  reception  accorded  to  the  first  edition  of  this  book 
has  necessitated  the  issue  of  a  second.  My  former  colleague,  Major 
Fhth,  E.A.M.C.,  who  kindly  assisted  me  with  the  first  edition,  has 
not  been  able  to  undertake  a  similar  task  with  regard  to  this,  owing 
to  his  absence  on  service  in  India.  I  am  indebted,  however,  to  Major 
Horrocks,  E.A.M.C.,  his  successor  at  Netley,  for  his  help  and  assistance 
in  the  preparation  of  this  work,  and  more  particularly  of  that  part 
which  deals  with  the  procedure  relating  to  the  Bacteriological  Ex- 
amination of  Water  Supplies — a  subject  which  Major  Horrocks  has 
made  a  speciality. 

During  recent  years  no  subject  has  undergone  more  rapid  changes 
than  Hygiene,  and  the  law  of  progress  has  shown  itself  in  almost  every 
part  of  the  science.  It  has  therefore  been  fomid  necessary  to  re-write 
many  of  the  former  chapters,  and  to  make  considerable  alterations  in 
others,  notably  those  relating  to  water  supplies,  sewage  disposal, 
immimity,  disinfection,  and  infective  diseases.  The  literature,  con- 
nected with  these  subjects  has  increased  enormously  during  the  last 
few  years,  and  an  endeavour  has  been  made  in  the  present  work 
to  summarise  our  knowledge  on  these  in  particular,  and  at  the 
same  time  to  introduce  any  new  facts  which  have  been  brought 
forward  in  connection  with  the  other  subjects  dealt  with  in  this 
volume.  I  have  to  thank  Miss  Triscott,  to  whom  I  am  indebted  for 
copying  the  drawings  relating  to  the  Bacteriology  of  Water,  and 
who  has  taken  infinite  pains  in  the  preparation  of  these  plates ;  the 
editors  of  The  Lancet  for  permission  to  use  their  drawings  demon- 
strating the  Scott-Moncrieff  system  of  sewage  treatment ;  and  Professor 
Delepine  for  his  drawings  of  a  new  disinfector  and  for  pamphlets  on 
that  and  kindred  subjects  which  he  sent  to  me. 

Messrs  Blakiston's  Son  &  Co.,  of  Philadelphia,  have  also  rendered 
me  most  valuable  help  by  sending  me  the  latest  reports,  official 
papers,  etc.,  connected  with  the  military  services  of  the  United  States. 

J.  LANE  NOTTER. 

Weht  Cliff,  Woolston,  Southampton, 
September  1900. 
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This  volume  is  founded  on  the  well-known  work  of  the  late  Dr  E.  A. 
Parkes,  subsequently  enlarged  and  edited  by  the  late  Professor  de 
Chaumont,  and  latterly  re-edited  by  one  of  us.  The  law  of  progress, 
to  which  all  science  is  subject,  however,  causes  any  work  of  a 
scientific  nature  to  become  out  of  date  in  a  few  years,  and  this 
applies  in  a  special  manner  to  the  very  large  number  of  subjects 
embraced  in  and  closely  connected  with  Hygiene  or  Public  Health. 
It  will  readily  be  conceded  that  perhaps  nowhere  has  the  extra- 
ordinary activity  exhibited  in  all  branches  of  knowledge  during  the 
last  twenty  years  been  more  marked  than  in  the  domain  of  Sanitation 
and  Preventive  Medicine,  and  this  has  borne  fruit  not  only  in  the 
modification  of  old  ideas  as  to  the  causes  of  disease  and  methods  for 
their  prevention,  but  also  in  the  introduction  of  more  perfect  methods 
of  research  and  the  elaboration  of  more  complete  safeguards  for  the 
maintenance  of  the  public  and  individual  health. 

On  this  account  it  was  at  one  time  deemed  advisable  to  issue  a 
new  edition  of  "  Parkes'  Hygiene,"  but  an  examination  of  its  general 
scheme  of  arrangement,  combined  with  a  somewhat  extensive  practical 
knowledge  of  the  needs  of  students  and  others  likely  to  use  such  a 
book,  soon  rendered  it  apparent  that  any  attempt  at  mere  revision  or 
re-editing  would  be  inadequate  for  the  requirements  of  the  times. 
We  therefore  determined  to  re-write  the  whole  book,  and  to  prepare 
a  new  work  on  the  Theory  and  Practice  of  Hygiene,  in  which  the 
historical  portions  of  the  original  have  been  retained,  but  supple- 
mented by  a  full  statement  of  our  present-day  knowledge  of  the 
subjects  discussed,  with  accounts  of  the  methods,  appliances,  and 
legislative  enactments  introduced  of  late  years  in  the  application  of 
Science  to  the  Prevention  of  Disease  and  the  Preservation  of  Health. 

As  regards  the  general  range  of  subjects  discussed,  we  have  not 
departed  greatly  from  traditional  lines;  while,  in  attempting  to 
discuss  each  topic,  we  have  endeavoured  to  explain  it  both  theoreti- 
cally and  practically,  in  the  hope  that  the  book  may  be  found  thereby 
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useful  not  only  to  the  sanitary  official  but  also  to  the  student  of  public 
health  work. 

The  subject  of  hygienic  analysis  is  so  intunately  associated  with 
the  duties  of  the  Medical  Officer  of  Health,  that  special  efforts  have 
been  made  in  the  following  pages  to  render  the  work  in  this  respect 
a  reliable  guide  for  those  who,  while  not  being  actually  Public 
Analysts,  are  frequently  called  upon  to  express  opinions  necessitating 
an  analyst's  knowledge.  In  respect  of  special  analytical  methods,  it 
has  not  been  an  easy  task  to  decide  as  to  what  should  be  included 
and  what  omitted.  In  all  cases  we  have  given  only  such  processes  as 
experience  has  indicated  to  us  to  be  reliable  and  of  practical  use  for 
the  Medical  Officer  of  Health. 

The  analysis  of  water  and  air  has  necessarily  been  considered  in 
some  detail,  not  only  from  the  chemical  but  also  from  the  biological 
point  of  view;  this  latter  aspect  of  the  question  has  been  so  much 
developed  during  recent  years  as  to  constitute  almost  a  distinct 
branch  of  study.  In  endeavouring  to  give  explanations  of  methods 
for  the  bacteriological  examination  of  water  and  air,  we  have  adhered 
to  the  principle  of  advocating  only  such  methods  of  research  as  come 
within  the  possibiHties  of  the  duties  of  a  Medical  Officer  of  Health, 
and  which,  in  our  hands,  have  been  found  to  be  practically  useful. 

The  subjects  of  Ventilation  and  Heating  have  been  considered  at 
some  length,  and  advisedly  so,  because  experience  has  indicated  to  us 
that  these  are  matters  usually  imperfectly  treated  in  the  majority  of 
text-books,  and  are  subjects,  too,  upon  which  students  and  others  are 
inadequately  informed. 

The  accounts  of  Scm^vy  and  the  dietetic  value  of  Alcohol  are  given, 
with  the  exception  of  some  minor  verbal  alterations,  in  much  of  the 
original  language  of  Dr  Parkes.  Our  knowledge  upon  these  matters 
has  been  so  little  changed  during  recent  years  that  it  was  felt  that 
very  Uttle  improvement  could  be  made  upon  the  original  statements. 
Similarly,  the  chapters  upon  Exercise  and  Clothing  have  been  but 
slightly  altered  by  us. 

One  matter  of  gi-eat  difficulty  has  been  the  question  of  Sanitary 
Law.  While  fully  recognising  the  importance  of  every  sanitary 
officer  studying  the  various  legislative  enactments  bearing  upon  the 
Public  Health  in  their  original  form,  and  the  difficulties  in  the  way 
of  either  making  a  legal  chapter  interesting  or  profitable  reading,  we 
have  endeavoured,  in  the  section  which  deals  with  sanitary  legislation, 
to  overcome  these  objections  and  to  construct  a  chapter  which  may 
be  not  only  interesting  but  useful. 

Special  chapters  have  also  been  incorporated  upon  the  subjects  of 
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Offensive  Trades,  Disinfection,  and  the  Infective  Diseases.  The  latter 
has  necessarily  been  somewhat  compressed,  as  the  subject  is  so 
constantly  changing  as  to  be  difficult  to  keep  up  to  date.  The 
general  principle  adopted  in  this  chapter  has  been  to  give  merely 
such  an  outline  of  the  natural  history  of  each  disease  as  may  be 
readily  supplemented  by  the  reader's  collateral  reading,  combined 
with  a  brief  statement  of  our  present  knowledge  upon  immunity  and 
of  the  general  principles  of  disease  prevention. 

A  chapter  is  devoted  to  the  consideration  of  the  life-history  of 
Parasites ;  and  for  advice  and  much  information  on  this  subject  we 
are  indebted  to  Dr  Patrick  Manson.  To  him  and  to  Mr  Young  J. 
Peutland  we  are  indebted  for  the  loan  of  photographic  negatives  and 
the  use  of  drawings  of  certain  parasites  which  illustrate  the  text. 

Considerable  pains  have  been  taken  to  render  the  chapter  on  Vital 
Statistics  intelligible  and  useful  to  the  sanitary  officer,  without  at  the 
same  time  overloading  it  with  redundant  matter.  The  increasing 
importance  attached  to  vital  statistics,  and  the  greater  accuracy  of 
our  national  enumerations,  demand  a  careful  study  of  this  subject  by 
all  engaged  in  public  health  work.  We  do  not  profess  to  have  suc- 
ceeded in  writing  an  exhaustive  chapter  on  this  subject,  but  hope 
that,  if  read  in  conjunction  with  special  treatises  and  official  reports, 
it  may  be  found  equal  to  the  wants  of  the  Medical  Officer  of  Health 
and  others.  It  is  our  regret  that  the  delay  in  the  publication  of  the 
Registrar  General's  Summary  Report  on  the  census  of  1891  has  pre- 
cluded the  insertion  of  the  most  recent  facts  and  figures  respecting 
occupations ;  but  we  think  their  omission  will  not  materially  affect 
the  value  of  the  statement  of  the  general  principles  of  vital  statistics 
herein  given. 

We  have,  further,  not  been  unmindful  of  the  fact  that  much  of  the 
life-work  of  our  predecessors,  the  late  Drs  Parkes  and  de  Chaumont, 
was  devoted  to  the  amelioration  of  the  sanitary  conditions  of  soldiers 
and  sailors,  and  that  their  writings,  which  admittedly  form  the  nucleus 
of  this  volume,  were  primarily  intended  for  the  use  of  the  sanitary 
advisers  of  the  Army  and  Navy.  Bearing  this  fact  in  mind,  we 
have  incorporated  in  this  work  special  chapters  dealing  with  the 
sanitary  needs  of  both  the  Army  and  Navy,  and  have  emphasised 
therein  such  points  as  are  not  in  strict  accordance  with  the  conditions 
of  civil  life. 

It  may  be  noticed  that  all  foot-notes  have  been  omitted  in  the 
following  pages.  In  place  of  them,  we  have  given  at  the  end  of  each 
chapter  a  Bibliography  and  References  to  authors  and  others  quoted 
in  the  text.    It  is  not  claimed  that  these  bibliographies  are  in  any 
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way  complete,  but  we  hope  that  they  may  be  found  of  material  use 
to  those  desirous  of  referring  to  matters  in  their  original  form. 

Throughout  the  work  we  have  steadily  kept  in  view  the  importance 
of  freely  illustrating  the  text.  To  Dr  Thresh  and  to  Mr  Casella  we 
are  indebted  for  several  blocks.  To  Surgeon-Colonel  L.  A.  Irving, 
A. M.S.,  we  owe  our  thanks  for  the  drawings  from  which  Plate  I.  has 
been  prepared  ;  while  to  Dr  S.  Abbott  of  the  Massachusetts  State 
Board  of  Health  we  desire  to  express  our  acknowledgments  for  the 
loan  of  blocks  used  in  the  construction  of  Plate  II.  Many  of  the 
other  illustrations  have  been  drawn  for  us  by  Mrs  Bruce  and  by 
Miss  Triscott. 

It  is  not  without  some  difiBdence  we  offer  this  book  to  the  public, 
as  we  are  aware  of  its  imperfections ;  but,  at  the  same  time,  we  are 
conscious  of  having  spared  no  labour  in  endeavoming  to  bring  it 
thoroughly  up  to  date,  in  order  to  render  it  not  only  a  mere  text-book 
for  those  preparing  for  examinations  in  Hygiene,  but  also  a  compre- 
hensive and  reliable  work  of  reference  and  guidance  for  those  engaged 
in  the  often  difficult  but  always  responsible  duty  of  being  the  sanitary 
advisers  to  local  authorities,  as  well  as  for  those  employed  in  naval 
and  military  duties. 


WooLSTON,  Hants, 
January  1896. 
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THE  THEORY  AND  PRACTICE 
OF  HYGIENE. 

CHAPTER  I. 
WATER. 

The  supply  of  wholesome  water  in  sufficient  quantity  is  a  fundamental 
samtary  necessity.  Without  it  injury  to  health  inevitably  arises,  either 
simply  from  deficiency  of  quantity,  or  more  frequently  from  the  presence 
ol  impurities.  In  all  sanitary  investigations,  the  question  of  the  water- 
supiDly  is  one  of  the  first  points  of  inquiry,  and  of  late  years  much  evidence 
has  been  obtained  of  the  frequency  with  which  diseases  are  introduced  by 
the  agency  of  water.  There  are  many  industries  that  cannot  be  carried  on 
■without  the  use  of  tolerably  prn-e  and  soft  water,  and  it  has  also  been  found 
to  be  the  most  effectual  and  economic  agent  in  the  removal  from  our 
habitations  of  waste  slops  and  sewage ;  but  paramount  to  all  these  is  the 
value  of  the  sanitary  results  growing  out  of  the  maintenance  of  health  and 
the  inducement  to  cleanliness  of  person  and  habitation  by  the  supply  of  an 
abundance  of  water  delivered  constantly  to  the  householder. 

PROPERTIES  OF  WATER. 

Water,  long  believed  to  be  an  element  or  simple  substance,  is  now  known 
to  be  a  chemical  compound,  consisting  of  two  volumes  of  hydrogen  and  one 
volume  of  oxygen,  and  is  formed  whenever  hydrogen  gas  or  a  combustible 
substance  containing  hydrogen  is  burnt  in  oxygen  or  atmospheric  air.  At 
odo.n? temperature  of  the  air  it  is  a  clear,  transparent  tasteless,  and 
tW    T  -'^Pl^^r  colourless  when  seen  in  small  quantities  bufc 

t  rm  i  ^^^I'P''^^e"t  when  a  white  object  is  viewed 

tnrough  a  column  about  tAvo  feet  in  deptli 

durit!  S'/TTf ^V"^  ^^^«mes  solid  or  freezes; 

exS  tV.  '^P*'^'^'  "''"^'^^^  TTtli  of  its  volume,  a  fact  which 

damn  .nnl    T'^'i    l^'  P^P^^  «Plit     burst,  and  why 

■  of  water  '"i  '  ^'f  ^  ^?  ^^"""8  ^^'^^t.    Thi's  disintegrating  actioii 

whIn?f\^^^  T/'    '  to  the  expansive  force  exerted  by  water 

the  hardei  ^^v. /T'^'^^      practically  incompressible-henco 

pLifict  v^^^^     'tl.l}^  "P-    ThiB  solid  witer  or  ice  has  a 

aC  ^f,^'^^^^  ^^^^  compared  with  water  at  the  same  temper- 

the  Jpn«  f  ^^■■^^^  '^'^  the  surface  of  the  water,  and,  since 

S  it  i.  oli'^l  rf '\  ^°  ^^-^  it  follows  that  when  part 

ot  It  IS  cooled  below  that  point,  the  colder  portion  remains  at  the  surface, 
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and  wlien  it  readies  the  freezing  point,  is  then  converted  into  ice,  while 
the  water  just  below  remains  a  few  degrees  warmer,  being  protected  by 
this  crust  of  ice  from  the  cooling  currents  of  air. 

.The  density  of  water  in  the  liquid  state  is  about  770  times  more  than 
atmospheric  air,  this  density  being  greatest  at  a  temperature  of  4°  C.  (39° -2 
F.).  The  density  of  water  is  always  taken  as  the  standard  of  comparison 
in  reference  to  which  the  densities  of  other  solid  and  liquid  substances  are 
expressed.  In  this  country  the  density  of  water  at  the  temperature 
of  15"-!)  C.  (60'  r.)  is  taken  as  unity,  but  on  the  Continent  the  tem- 
perature of  its  maximum  density,  namely  4°  C.  (39° -2  F.),  is  more  usually 
adopted. 

The  following  table  gives  the  weights  of  certain  volumes  of  water  in  terms 
both  of  the  metric  system  and  of  the  system  of  weights  and  measures  used 
in  this  country : — 


Grains. 

Cubic  centi- 
metres at  4°  Cent, 
as  grammes. 

Cubic  inches 
at  60°  r. 

Pounds. 

Gallons  at 
60°!'. 

Cubic  feet  at 
60°  F. 

1 

15-432 
252-456 

7000 
70000 
436495 

1 

16-386 
454-345 
4543-458 
28315 

0-061 
1 

27-727 
277-276 
1728 

1 

10 

62-355 

0-000-2-201 

0-1 
1 

6-2355 

0-0000353 

0-016046 

0-16046 

1 

Water  possesses  a  certain  amount  of  elasticity  and  compressibility. 
Thus  by  increasing  the  pressure  by  the  weight  of  200  atmospheres  its 
volume  is  said  to  be  reduced  y^-  This  compressibility  of  water  increases 
as  the  temperature  rises.  Water  has  a  high  capacity  for  heat,  and  its 
specific  heat  is  taken  as  the  standard  of  unity  in  reference  to  which  the 
capacities  of  other  substances  for  heat  are  expressed  ;  on  the  other  hand,  it 
is  a  very  bad  conductor  of  heat.  Water  evaporates  at  all  temperatures 
even  when  in  contact  with  atmospheric  air  or  other  gas,  and  the  vapour 
given  off  has  a  density  and  tension  determined  by  the  temperature. 

Under  the  ordinary  atmospheric  pressure— 760  mm.  (29-922  inches) — 
water  boils  at  the  temperature  of  100°  C.  (212°  F.)  and  is  converted  into 
more  than  1600  times  its  own  volume  of  gas  (steam).  If  the  pressure  be 
reduced  to  nearly  that  of  a  vacuum  the  boiling  point  is  lowered  to  nearly 
0°  C.  (32°  F.),  ijut  if  the  pressure  be  increased,  then  the  temperature  of 
the  boiling  point  is  raised,'  as  shown  by  the  following  table :— 


Pressure  in 
atmospheres. 

Temperature 
Centigrade. 

Pressure  in 
atmospheres. 

Temperature 
Centigrade. 

Pressure  in 
atmosplieres. 

Temperature 
Centigrade. 

1 

100° 

7 

166°-5 

18 

209° -4 

2 

121°-4 

8 

172°-! 

20 

214°-7 

3 

135°-1 

10 

18r-6 

25 

226° -3 

4 

145° -4 

12 

190°-0 

30 

236° -2 

5 

153°-1 

14 

197°-2 

35 

244°-8 

6 

160° -2 

16 

203° -6 

40 

252° -5 

The  boiling  point  of  water  under  the  ordinary  pressure  is  slightly 
influenced  by  the  nature  of  the  vessel  in  which  it  is  heated  and  by  the  state 
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of  its  surface.  Tims  in  glass  and  jwrcelain  vessels  with  very  smooth  sur- 
faces water  boils  at  a  temperature  1  or  2  degrees  liigher  than  in  metalli(5 
vessels  with  a  rough  siu-face. 

Water  has  a  remarkable  power  of  dissolving  substances,  and  is  the  most 
universal  known  solvent.  It  dissolves  or  retains  all  the  known  gases,  and 
there  are  only  a  few  solid  substances  that  do  not  gradually  yield  to  the 
solvent  action  of  Avater,  assisted  as  this  is  by  the  gases  present  in  all  natural 
waters.  The  solubility  of  different  substances  is,  however,  very  unequal. 
<Tenerally,  the  solubility  of  any  particular  body  is  increased  in  proportion  as 
the  temperature  is  raised,  but  there  are  exceptions  to  this  rule ;  for  example, 
water  at  0°  C.  dissolves  nearly  tM'ice  as  much  lime  as  water  at  100°  C.  In 
■the  case  of  gases,  the  amount  which  water  can  dissolve  is  largely  depend- 
ent upon  the  pressure ;  and  under  ordinary  pressure  it  is  generally  larger  in 
pro])ortion  as  the  temperature  is  lower.  ° 

The  aqueous  solutions  of  solid  substances  and  of  certain  liquids  and  o-ases 
Iiave  a  higher  density  than  ordinary  water.  The  freezing  point  of  water- 
solutions  IS  lower  than  that  of  water ;  thus  sea-water,  Avhich  is  largely  a 
solution  of  various  salts  of  magnesium,  sodium,  and  potassium,  freezes  less 
readdy  than  fresh  water.  The  boiling  point  of  Avater  is  raised  when  it 
•contains  solid  substances  in  solution.  Liquid  and  gaseous  substances  dis- 
solved in  water  sometimes  cause  a  rise  and  sometimes  a  depression  of  the 
boilmg  point. 


0]ST  THE  QUANTITY  AND  SUPPLY  OF  WATER. 

In  estimating  the  quantity  of  water  required  daily  for  each  person,  it  is 
3iecessary  to  allow  a  liberal  supply.  There  should  be  economy  and  avoidance 
ofwaste;  but  still,  any  error  in  supply  had  far  better  be  on  the  side  of 
■excess.  In  England  many  poor  families,  either  from  the  difficulty  of 
•obtaining  water,  or  of  getting  rid  of  it,  or  from  the  habits  of  uncleaiiliness 
thus  handed  down  from  father  to  son,  use  an  extremely  small  amount.  It 
^oul.l  be  quite  incorrect  to  take  this  amount  as  the  standard  for  the  com- 
mnnty  at  large  or  even  to  fix  the  smallest  quantity  which  will  just  suffice 
ilpn^r  cleanliness.    It  is  almost  impossible  to  give  a  definition  of 

-Cleanliness  ;  nor  perhaps  is  it  necessary,  since  there  is  a  general  understand- 
ing of  what  IS  meant. 

It  must  be  clearly  understood  for  what  purposes  water  is  sui.i)lied.  It 
ntlJu  '"""^Tl  '^'i"^'"^-  cooking,  and  ablution  of  persons,  clothes, 
tle  l'v'^'  houses;  for  cleansh.g  of  closets,  sewers,  and  streets;  for 
f  r  '"''^  ^y^^limg  of  animals,  washing  of  carriages  and  stables  ; 

baths,  &c  ^'"'P^^''''  extinguishing  fires;   for   public   fountains  or 

v.n.Jn^^'^T'i  the  quantities  necessary  for  different  communities  must 
in  lurnSf  :  '  ^^''^"^f^;'}^  live  together  in  towns  or  are  scattered 
•drai^nl  '  r'^f'  '"^'"l  ■'^^^""^'"g  as  there  may  be  or  may  not  be  systems  of 
araiiiage  or  trades  and  manufactures. 

.  diviflp  nil",  f  fPl''^?  byAvatcr  companies,  the  usual  mode  of  reckoning  is  to 

.  express  ft        "^f^  'T'^^.      g^^"'^"^  total  population,  and  to 

cxpi(  s!,  the  amount  per  head  per  diem. 

1  reckoned  Z  \^^^A  oi  o  ^"^'^  Pop"lation  of  the  MetropoTs  and  suburbs  was 

ialirnVZ!  i  T  ^'^S  ^'''ll''''^'  representing  a  daily  consumption  of  35-09 
.gallons  per  head,  or  236  gallons  per  house,  for  all  inirposes.    The, average 
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daily  supply  delivered  from  the  Thames  was  117,382,448  gallons ;  from  th& 
Lee,  44,177,255  gallons;  from  springs  and  wells,  42,394,978  gallons ;  and 
from  ponds  at  Hampstead  and  Highgate,  for  non-domestic  purposes,  99,274 
gallons. 

The  following  are  some  of  the  gross  amounts  used  at  the  present  time 
for  all  the  above  purposes,  as  judged  of  in  this  way  : — 

Gallons  per 
head  daily. 

42-40 
30-25 
48-75 

30-  97 
36-77 

31-  52 
40-08 
34-92 


General  Average  for  London,  .  35-09 


London  (1898-9)— 

Chelsea  Water  Works  Company,  . 

East  Loudon  ,, 

Grand  Junction  ,, 

Kent  ). 
Lambeth 

New  River  , , 

Southwark  and^Vauxhall  ,, 

West  Middlesex  ,, 


Liverpool,        .          •          •         •          •  •  • 

Manchehter,  24 

Edinburgh,       .          .          •          •          .  .          •  36 

Glasgow,  oc 

Dublin,   •          •  35 

Paris, 

Berlin,   77, 

St  Petersburg, 

Rome,    .          .          .          .          ••          .  •  .220 

The  average  supply  to  46  English  towns  in  1888  was  25  gallons  per 
head,  of  which  20  gallons  were  for  domestic  purposes.  In  Warwick,  by 
careful  inspection  as  regards  waste,  it  has  been  reduced  from  23  to  15  gallons 
per  head  daily.  The  average  amount  in  London  (1899)  for  domestic  use 
was  28-07,  and  in  Manchester  15  gallons  per  head. 

By  decision  of  the.  Secretary  of  State  for  War,  each  officer,  man,  and 
woman  occupying  quarters  receives  20  gallons,  and  each  child  10  gallons, 
daily. 

The  gross  amount  thus  taken  is  used  for  different  purposes,  which  must 
now  be  considered. 

Amount  reqioired  for  Domestic  Purposes  (water-closets  included). — For 
.drinking  purposes  the  amount  varies  with  age,  sex,  weight,  climate,  and 
occupation ;  but  it  may  be  laid  down  as  a  rule  that  the  total  daily  amount 
necessary  is  equal  to  about  half  an  ounce  for  each  pound  weight  of  the  body,, 
or  in  other  words,  an  adult  takes  in  daily  about  70  to  100  ounces  (3^  to  5 
pints)  of  water  for  nutrition.  Now  of  this  water  al)out  one-fourth  to  one- 
third  exists  in  the  so-called  solid  food,  that  is,  in  the  meat,  bread,  &c.,  and 
the  remainder  is  taken  in  some  form  of  liquid.  There  are,  hoAvever,  wide 
rano-es  from  the  average.  Women  drink  rather  less  than  men ;  children 
drink,  of  course,  alisolutely  less,  but  more  in  proportion  to  their  bulk  than 
adults. 

For  the  cooking  of  food  a  certain  amount  is  required,  only  part  of  which 
is  actually  consumed  with  the  food.  This  will  generally  not  be  less  in  the 
case  of  adults  thai*  three-quarters  of  a  gallon  daily.  Taking  all  se.xes  and 
all  a^es  together,  we  may  lay  down  tlie  minimum  necessary  for  drinking 
and  cooking  purposes  as  1  gallon  per  head  per  diem. 

Parkes  measured  the  water  expended  in  several  cases :  the  following 
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was  the  amount  used  by  a  man  in  the  middle  class,  wlio  may  be  taken  as 
a  fair  type  of  a  cleanly  man  belonging  to  a  fairly  clean  household : — 

Gallons  daily 

„    1  .  per  one  person. 

Cookuig,  .  .  .  .  .  .  .  ,  .75 

Fluids  as  drink  (water,  tea,  coliee),     .  .  .  .  .  -33 

Ablution,  including  a  daily  sponge-bath,  which  took  2^  to  3  gals.,  .*  5 

Share  of  utensil  and  house-washing,  .  .  '        .  .  3 

Share  of  clothes  (laundry)  washing,  estimated,  .  .  .  3 
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These  results  are  tolerably  accordant  with  actual  experiments,  if  we 

household  there  is  economy  of  water  in  washing 
ntensils  and  clothes,  and  that  the  number  of  wives  and  children  in  a  regi- 
ment is  not  great.  In  poor  families,  who  draw  water  from  wells,  the 
amount  has  been  found  to  vary  from  2  to  4  gallons  per  head,  but  then 
there  was  certainly  not  perfect  cleanliness. 

Eateman  states  that,  in  a  group  of  cottages  with  82  inmates,  the 
daily  average  amount  was  71  gallons  per  head,  and  in  another  group 
5  gallons  per  head.  Letheby  found  in  the  poor  houses  in  the  city  of 
London  the  amount  to  be  5  gallons.  In  experiments  in  model  lodo-ino-- 
houses,  Muir  states  that  7  gallons  daily  were  used.  Easton,  in  his  "own 
house  m  London,  found  he  used  about  12  gallons  per  head,  of  which 
about  5  were  for  closets,  leaving  7  for  other  uses ;  but  probably  the  laundry 
washing  was  not  included.  In  the  convict  prison  at  Portsmouth,  where 
there  are  water-closets,  and  each  prisoner  has  a  general  bath  once  a  week, 
the  amount  is  1 1  gallons.  ' 

In  several  of  the  instances  just  referred  to,  it  may  be  questioned  whether 
tiie  amount  of  cleanliness  was  equal  to  what  would  be  expected  in  the 
iugher  ranks.  In  most  instances  quoted,  no  general  baths  were  used  :  but 
It  is  now  becoming  so  common  in  England  to  have  bath-rooms  that  they 
are  otten  put  even  111  eight-roomed  houses.  A  general  bath  for  an  adult 
requires,  with  the  smaUest  adult  bath  {i.e.,  only  4  feet  long  and  1  foot 
V  inches  wide),  38  gallons,  and  many  batlis  will  contain  50  to  60  gallons. 
A  good  shower-bath  will  deliver  3  to  6  gallons.  General  baths  used 
<>nly  once  a  week  will  add  5  or  6  gallons  per  head  to  the  daily  consump- 

We  may  safely  estimate  that  for  personal  and  domestic  use,  without 
Datiis,  12  gallons  per  head  daily  should  be  given  as  a  usual  minimum 
supply;  and  with  baths  and  perfect  cleanliness,  1(3  gallons  should  be 
Tv  t/!"^  """^  allowance  for  water-closets  or  for  unavoidable 

waste     If  from  want  of  supply  the  amount  of  water  must  be  limited, 

ISfl  f  ^'^^'^        •"^"^^'^      ])robabIy  the  least  amount  which 

ought  to  be  used  and  in  this  case  there  could  not  be  daily  washing 

clothimr'''  insufficient  change  of  undei- 

l.,ri!fPi"^\'''  ^'f^'"  amount  must  be  greatly  increased.  The 

Ztur  f   \    "  '"^"'^'^  ^^""^^  of  ^'^^ient  Rome,  demanded  a 

?n  W  ''''  •'^'^^^"linS  to  Leslie's  calculations,  to  raise  the 

<iaily  average  per  head  to  at  least  300  <ra]]oiis 

^.i.tpT'^'^i*  ""^^^^^^  Water-Closets.-Tlie  old  arrangements  with 
cisterns  allow  any  qunntity  of  water  to  be  pourc.l  ,lown,  and  many 
€  gineers  consider  that  the  chief  waste  of  water  is  owing  to  water-closets, 
an  some  districts,  by  attention  to  this  point,  the  consumption  has  been 
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greatly  reduced.  Small  cisterns,  termed  water-waste  preventers,  are  put  up 
in  towns  with  constant  water-supply,  wliicli  give  only  a  certain  limited 
amount  each  time  tlie  closet  is  used.  The  usual  size  now  in  use  holds 
about  2  gallons;  but  even  2  gallons  are  insufficient  to  keep  the  pan  and 
soil-pipe  perfectly  clean.  A  committee  appointed  by  the  Sanitary  Institute 
to  report  on  the  quantity  of  water  required  to  flush  water-closets,  _  after 
making  a  large  number  of  experiments,  recommended  that  the  minimum 
quantity  of  flushing  water  should  be  fixed  at  3  gallons,  and  that  the 
maximum  quantity  should  not  be  less  than  31  gallons.  Considering  also 
that  some  persons  will  use  the  closet  twice  daily  and  sometimes  oftener,. 
and  that  occasionally  more  water  must  be  used  for  thoroughly  flushing  the 
pan  and  soil-pipe,  6  gallons  a  day  per  head  should  probably  be  aUowed  for 
closets.  In  this  particular  instance  a  false  economy  in  the  use  oi  water  is- 
most  undesirable.  Water  latrines  require  less  ;  the  amount  is  not  pre- 
cisely known ;  the  experiments  of  the  Koyal  Engineers  at  Dublin  give  an 
average  of  5  gallons  per  head,  but  it  is  considered  that  this  might  be 

reduced.  j.      n  i  i.- 

In  fixing  the  above  quantities,  viz.,  12  gallons  per  head  for  all  domestic 
purposes,  except  general  baths  and  closets,  4  gallons  additional  for  general 
baths,  and  6  for  water-closets,  endeavours  have  been  made  to  base  them 
upon  facts,  and  they  are  probably  not  much  in  error.  It  is,  however,, 
necessary  to  make  some  allowance  for  unavoidable  waste  wdthin  the 
premises,  and  for  extra  supply  to  closets,  and  it  will  be  a  moderate  estimate 
to  allow  3  gallons  daily  per  head  for  this  purpose.  This  will  make  25- 
gallons. 

There  is  another  reason  for  believing  that  an  amount  of  about  20  gallons- 
per  head  should  pass  from  every  house  daily  into  seAvers,  if  sewers  are^ 
used.  It  is  that  in  most  cases  this  quantity  seems  necessary  to  keep  the 
sewers  perfectly  clear,  though  in  some  cases,  no  doubt,  with  a  well 
arranged  and  constructed  sewerage,  a  less  amount  may  suffice.  But  the 
complete  cleansing  of  sewers  is  a  matter  of  such  fundamental  importance,, 
that  it  is  necessary  to  take  the  safest  course.  Hitherto  much  water  has  run 
merely  to  waste. 

Amount  required  for  Animals. — The  Queen's  Regulations  fix  the- 
maximum  daily  supply  for  each  horse  in  the  army  at  20  gallons.  This 
amount  includes  that  necessary  for  the  washing  of  both  horses  and 
carriages,  and  seems  ample.  Of  course  the  amount  that  horses  di-ink 
varies"  as  much  as  in  the  case  of  men,  and  depends  on  food,  weather,, 
and  exertion;  but  if  a  horse  is  allowed  free  access  to  water  at  all 
times,  and  this  should  be  the  case,  he  will  drink  on  an  average  6  to 
10  gallons,  and  at  times  more.  In  the  month  of  October,  with  cool 
weather,  a  horse  16  hands  high,  doing  8  miles  a  day  carriage  work,  and  fed 
on  corn  and  hay,  was  found  to  drink  gallons.  Another  carriage  horse- 
drank  nearly  the  same  amount.  In  a  stable  of  caviilry  horses  doing  very 
little  work,  and  at  a  cool  time  of  the  year,  the  amount  per  horse  was  found 
to  be  6^  gallons.  Taking  a  horse  as  weighing  1000  lb  avoir.,  this  is  just  an 
ounce  of  water  per  pound  weight  of  horse.  The  amount  used  for  washing- 
was  3  gallons  daily.  In  hot  or  dirty  weather  the  quantity  for  both  purposes- 
would-be  larger.  For  wasliing  a  horse  requires  at  least  1|  gallons,  and 
twice  this  amount  if  he  is  washed  twice  a  day.  There  is  a  saving,  however,, 
if  (fi-ooms  wash  several  horses  in  the  same  water.  It  is  difficult  to  say  how 
much  is  used  for  carriage  washing.  On  the  wliole,  including  carriage- 
washing,  Sec,  20  gallons  per  horse  is  not  an  excessive  amount.  A  cow  or 
an  ox,  on  dry  food,  will  drink  6  or  8  gallons ;  a  sheep  or  pig,  h  to  1  gallon. 
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In  the  Abyssinian  expedition,  the  following  was  the  calculation  for  the 
daily  expenditure  of  water  per  head  on  shipboard  : — 

Elephants,       .......  25  gallons. 
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Camels, 
Oxen  (large  draught),  . 
Oxen  (small  pack  animals), 
Horses, 

Mules  and  ponies. 


6 
5 


For  20  elephants  and  100  men,  50,000  gallons  were  put  on  board  for  a 
voyage  of  60  days.  For  camels  on  board  ship  8  gallons,  and  on  land  15 
gallons  are  required  per  day  (Wolseley).  F.  Smith  found,  from  experi- 
ments in  India,  that  a  horse  in  the  month  of  February  consumed  on  an 
average  8 J  gallons  daily ;  this  accords  with  Parkes's  experiments  at  home ; 
of  course  in  hot  weather  the  amount  would  be  greater. 

Amounts  required  for  Municipal  and  Trade  Purposes. — For  municipal 
purposes  water  is  taken  for  washing  and  watering  streets,  for  fountains,  for 
extinguishing  fires,  &c.  The  amount  for  these  and  for  trade  purposes 
will  vary  greatly.  Rankine,  who  gives  an  average  allowance  of  10 
gallons  per  head  for  domestic  purposes,  proposes  10  more  for  trade  and 
town  use  in  non-manufacturing  towns,  and  another  10  gallons  in  manu- 
facturing towns.  One  ton  of  water  (224  gallons  or  35-9  cubic  feet)  is 
sufficient  to  lay  the  dust  over  a  surface  of  600  square  yards  of  gravel  or 
macadamised  road,  or  400  square  yards  of  granite  paved  streets.  The 
average  number  of  days  in  which  Avatering  is  required  in  England  is  120. 

If,  now,  the  total  daily  amount  for  all  purposes  be  stated  per  head  of 
population,  it  will  be  as  follows  : — 

Domestic  supply  (without  baths  or  closets),  .... 

Add  for  general  batlis,  4 

Water-closets,  ••..".*.!  6 

Unavoidable  waste,  3 

Total  house  supply,  25 
Tmyn  and  trade  purposes,  animals  in  non-manufacturing  towns,  '.  5 
Add  for  exceptional  manufacturing  towns,     ....  5 

$5 

^  In  India  and  hot  countries  generally,  the  amounts  now  laid  down  would 
have  to  be  altered.  Much  more  must  be  allowed  for  bathing  and  for  wash-' 
ing  generally,  while  a  fresh  demand  Avould  arise  for  water  to  cool  mats, 
punkahs,  or  air-passages  by  evaporation.  In  Calcutta,  during  1896-97,  the' 
supply  was  equal  to  41-42  gallons  per  head  of  population  for  the  town 
proper  and  10-94  gallons  for  the  suburban  area,  the  supply  of  unfiltered 
water  bemg  equal  to  12-47  gallons.  In  Madras,  in  1896-97,  the  supply 
was  about  76  gallons.  >  1 1  j 

Amount  required  for  Hospitals.— In  hospitals  a  much  larger  quantity 
in"!  'iy^^"^"^^'^.  as  there  is  so  much  more  washing  and  bathing.  From 
40  to  50  gallons  per  head  are  often  used.  There  are  no  good  experiments 
as  to  the  items  of  the  consumption,  but  the  following  is  probably  near  the 


For  dnnkmr'  and  cookuig,  washing  kitchen  and  utensils, 

^or  personal  washing  and  general  baths, 

*  or  laundry  washing. 

Washing  hospital,  utensils,  etc.. 

Water-closets,  ... 


Gallons  daily. 

2  to  4 
18  „  20 

6  „  6 

3  „  6 
10  ,,  15 


38  to  51 
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It  would  be  very  desirable  to  have  more  precise  data ;  possibly  the 
amount  for  closets  is  put  too  high,  but  not  greatly  so  Avhen  all  cases  are 
taken  into  account. 

At  Netley  the  amount  per  head  per  diem  is  put  approximatively  at 
70  gallons.  At  Haslar  the  quantity  is  the  same.  At  the  Cambridge 
Hospital,  Aldershot,  the  average  is  90  ;  Herbert  Hospital,  Woolwich,  89. 
These  amounts  include  that  used  by  the  hospital  attendants  and  medical 
staff.  In  some  of  the  Metropolitan  hosjDitals  there  is  singular  diversity  in 
the  quantities  :  University  College  Hospital,  58  gallons  per  head ;  St 
Thomas's,  no  less  than  106  ;  St  Bartholomew's,  57  gallons  ;  whereas  at 
Guy's,  where  special  care  is  taken  to  check  unnecessary  waste,  only  35 
gallons  are  used,  including  what  is  taken  by  the  resident  medical  staff. 

There  is  no  doubt  that  a  considerable  quantity  of  water  is  wasted,  and 
economy  might  be  effected  without  any  detriment  to  sanitary  requirements. 
In  some  places  it  has  been  found  that  when  the  water-supply  was  30 
gallons,  the  actual  amount  used  in  the  houses  was  not  more  than  20 
gallons,  and  in  some  cases  even  less.  .By  introducing  proper  waste- 
detectors  economy  of  water  might  be  accomplished,  while  the  full .  amount 
for  hygienic  requirements  might  still  be  given  to  the  consumer. 

SOURCES  OF  WATEE-SUPPLY. 

The  constant  evaporation  which  takes  place  from  the  surface  of  all 
masses  of  water  exposed  to  the  atmosphere,  the  diffusion  of  water-vajiour 
throughout  the  atmosphere,  and  its  subsequent  condensation  tliere  to  the 
liquid  or  solid  state,  give  rise  to  the  incessant  circulation  of  water  which 
is  continually  taking  place. 

Of  this  condensed  atmospheric  vapour,  falling  on  the  surface  of  the 
various  continents  and  islands,  jjart  penetrates  into  the  soil  until  it  reaches 
a  less  permeable  stratum,  above  which  it  accumulates  ;  part  flows  away 
and  becomes  the  source  of  the  great  rivers  and  lakes,  some  is  absorbed  by 
the  soil  itself,  while  the  remainder  passes  off  in  vapour  to  be  again  con- 
densed. 

The  sources  of  water-supply  are  very  varied ;  each  class  has  its  own 
peculiar  characteristics,  but  all  are  derived  from  the  same  source  and 
descend  to  \is  in  the  form  of  rain,  dew,  mist,  hail,  and  snow. 

Rain- Water  approaches  nearer  to  absolute  purity  than  any  other  kind 
of  natural  water.  When  collected  in  clean  vessels  it  contains  only  such 
dissolved  substances  as  it  can  take  up  from  the  atmospliere.  As  it  falls 
through  the  air  it  becomes  highly  aerated,  the  amount  of  contained  gas 
averaging  25  c.c.  per  litre.  The  ratio  of  the  oxygen  to  the  nitrogen  by 
volume  in  this  gas  is  greater  tlian  in  atmospheric  air  on  account  of  tlie 
greater  solubility  of  oxygen  in  water.  The  Rivers  Pollution  Commissioners 
in  their  sixth  report  (1874)  give  the  following  as  the  gaseous  constituents 
of  rain-water : — 

c.c.  per  litre. 

Nitrogen,     .  .  .  .  .          .         .         .  13-08 

Ox.vgen,       ........  6-37 

Cmbon  dioxide,        .  .  .  .  .  .  .  1  '28 

Total  gases,       .  .  ,  .  .          .          .  20  73 

In  its  passage  througli  the  air  rain-water  carries  down  ammoniacal  salts 
(carbonate,  nitrite,  and  nitrate),  and  nitroiis  and  nitric  acids  in  small 
amount.    The  total  quantity  of  nitrogen  in  ammoniacal  salts,  nitrous  and 
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:iiiitric  acid,  is  0*0985  part  per  100,000.    Frankland  puts  the  average  at 
i  0"032.    At  Montsouris,  meau  of  seven  years,  the  ammonia  amounted  to 
00-193  per  100,000;  mean  of  all  Paris  (1881-82),  0-287  per  100,000;  the 
Miitric  acid  (ISTOg),  mean  of  six  years,  to  0-354  per  100,000.    This  gives  a 
jtotal  nitrogen,  from  ammonia  and  nitric  acid,  of  0-239  per  100,000.  The 
lamount  is  greater  just  after  the  commencement  of  rain  than  Avhen  it  has 
continued  for  a  long  time.    In  toAvns  with  coal-fires  it  takes  up  sulphurous 
iand  sulphuric  acids,  and  sometimes  hydrogen  sulphide.    The  sulpliates  in 
rain  increase,  according  to  Angus  Smith,  as  we  pass  inland,  and  before " 
large  towns  are  reached;  they  are,  according  to  this  author,  "the  measure 
of  the  sewage  in  air "  when  the  sulphur  derived  from  the  combustion  of 
coal  can  be  excluded,  but  in  this  country  the  exclusion  could  never  be 
iimade.    Free  acids  are  not  found  with  certainty  when  combustion  and 
^manufactures  are  not  the  cause.    The  acidity  taken  as  sulphuric  anhydride 
-(SO3)  was  equal  to  0-014  part  per  100,000  of  rain  in  a  country  place  in 
^Gotland,  and  1-513  in  Glasgow ;  in  Manchester  in  1870  it  was  1-202  ;  and 
irin  London  0-387.    The  nitric  acid  in  Glasgow  was  as  much  as  0*244  part 
^per  100,000,  and  in  London  only  0-0884.    Albuminoid  ammonia  was  no 
dess  than  0-0326  part  per  100,000  in  London  rain.    Rain  also  carries  down 
imany  solid  substances,  as  sodium  chloride,  in  sea  air ;  calcium  carbonate, 
•isulphate,  and  phosphate  ;  ferric  oxide  ;  carljon. 

In  the  following  table  are  recorded  the  maximum,  minimum,  and 
luverage  proportions  of  each  of  the  several  ingredients  determined  in 
tseventy-one  samples  of  rain,  collected  in  a  special  rain-gauge  (Rivers  Pollu- 
itiou  Commission)  : — 


j 

Total  Solid 
Impurity. 

Organic 
Carbon. 

Organic 
Nitrogen. 

Ammonia. 

Nitrogen  as 
Nitrates 

and 
Nitrites. 

Chlorine. 

Hard- 
ness. 

•  Minimum, 
'■  Maximum, 
.  Average, 

.  Rain  -  water  from 
Land's  End,  . 

•  Rain  -  water  from 

Hyd& Park,  London, 

0-62 
8-58 
3-42 

42-80 

2-76 

0-021 
0-375 
0-095 

0-131 

0-385 

0-003 
0-121 
0-021 

0-034 

0-040 

0-005 
0-155 
0-049 

0 

0-210 

0 

0-044 
0-007 

0-020 

0-008 

0 
1-65 
0-33 

21-80 

0-C08 

0 
1-7 

0-  5 

10-0 

1-  1 

It  IS  thus  seen  that  the  composition  of  rain-water,  even  in  the  open 
country,  is  liable  to  very  great  fluctuations,  and  that  the  amount  of 
-mpurity,  both  mineral  and  organic,  is  occasionally  large. 

Sometimes  microscopic  plants  of  the  lowest  order  (as  Protocoecus 
nuvtahs  and  others)  are  present,  and  in  towns  the  deljris  arising  from 
street  dust.  ° 

The  uncertainty  of  the  rainfall  from  year  to  year,  the  length  of  the  dry 
;  season  in  many  countries,  and  the  large  size  of  the  reservoirs  which  are 
■i-nen  required,  are  disadvantages.    On  the  other  hand,  its  general  purity 
ana  its  great  aeration  make  it  both  healthy  and  pleasant.    The  greatest 
^oenetits  Jiave  resulted  in  many  cases  from  the  use  of  rain  instead  of  spring 
nr  well  water,  which  is  often  largely  impregnated  witli  eartliy  salts.    In  all 
uaces  where  the  spring  or  well  water  is  l)ad,  rain-water  should  be  sub- 
iimitecl     bo  also  it  has  been  suggested  that  in  outbreaks  of  cholera  any- 
vnere,  the  rain-water  is  less  likely  to  become  contaminated  With  sewage 
natters  than  wells  or  springs,  into  which  organic  matters  often  find  their 
vay  in  an  unaccountable  manner. 
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Kain-water  is  very  soft,  owing  to  the  absence  of  salts  of  lime  and 
magnesia  ;  it  is  therefore  good  for  washing  or  cooking  purposes,  although  it 
is  less  palatable  than  other  kinds  for  drinking. 

The  amount  of  water  given  by  rain  can  be  easily  calculated,  if  two- 
points  are  known,  viz.,  the  amount  of  rainfall  and  the  area  of  the  receiving 
surface.  The  rainfall  can  only  be  determined  hy  a  rain-gauge  (the  mode  ot 
constructing  which  is  given  in  the  chapter  on  Meteorology)  ;  the  area  ot 
the  receiving  surface  must  be  measured. 

The  following  formula  is  the  one  generally  used  :— 

Aren  in  square  feet  x  144  x  rainfall  in  inches  _p„^^;p  fg^^. . 
^728 

Cubic  feet  x  6 -23  =  gallons. 
Cubic  inches  X  -003607  =  gallons. 

The  calculation  may  be  much  simplified  by  multiplying  the  area  of 
receiving  surface  in  square  feet  by  half  the  rainfall  in  inches,  the  result  is. 
in  gallons  ;  here  the  error  is  only  about  4  per  cent. 

To  calculate  the  receiving  surface  of  the  roof  of  a  house  we  must  not 
take  into  account  the  slope  of  the  roof,  but  merely  ascertain  the  '^^ea  of  the 
flat  space  actually  covered  by  the  roof.  The  joint  areas  of  the  g^ound-fl^^^^^^ 
rooms  will  be  something  less  than  the  area  of  the  roof,  which  also  covers, 
the  thickness  of  the  walls  and  the  eaves.  ^„r^^^n^■ 

In  most  English  towns  the  amount  of  roof  space  for  each  pe^;^^ 
be  estimated  higher  than  60  square  feet  and  m  some  P^^  ^^^^f^^^^^^^^^ 
less.    Taking  the  rainfall  in  all  England  at  30  inches,  and  a  sum   g  that  all 
is  saved,  and^that  there  is  no  loss  from  evaporation,  ^^^^^^^f  ^^^S  ^^^^^^^^ 
for  each  person  would  give  935  gallons,  or  21  gallons  a  day.    ^ut  as  tew 
town  houses  have  any  reservoirs,  this  quantity  runs  "^^  S;«=^\.Pf  ^Vsu^^^^^^^^^ 
in  urban  districts.    In  the  country  it  is  an  /^f  ^^/^i/^^^;/ Jj^^^^^^^^^^ 
being  stored  in  cisterns  or  water-butts.    If  instead  of  ^^^^  ^^"^^^f  JJ^^^'^^^^ 
the  receiving  surface  be  a  piece  of  land  the  ^^^^^^^^^^^^^ 
the  same  ^vay     It  must  be  understood,  however,  that  th  s  is  tne  tocai 
tue  same  way.    xu  mu»u  available ;  some  wiU 

will  vary  with  the  soil  .and  the  season  from  the  one-hall  to  se^  en  ei„nin5. 
^^'tI^  ™.tTon'L>e  by  the  available  to  the  tofal  rainfall  varies  very 
mncrbehTiSeSV  /p^ity  of  the  '^'-"^yZ^^S^a^l 
porosity  of  the  soil,  the  steepness  »  f  ^^^^J^S T'^^^^^  air, 
r  tSt^ »S  En^ana  rrcirc„n.sta„ces.    The  following 

Sfof  pound  and  available  proportion  of  total  rainfall 

Steep  surfaces  of  granite,  gneiss,  and  slate,  nearly  •  •       ^.^  ^.g 

Moorland  and  hilly  pasture,  from  •  •  '  ,       0*5  to  0-4 

Flat  cultivated  country,  from      .  -  •  '  q 

Chalk,  J  Of)  n  T 

One  inch  of  rain  deliver  ^"6^3  g^^onB  c,n^^^^ 
gallons  (101  tons  by  weight)  on  each  squaie  acie. 

=  millions  of  gallons  per  sfpiare  mile  ^^^^  .^^^ 
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fives  very  accurately  tlie  amount  of  rain  in  the  driest  year,  and  the  same 
average,  plus  one-third,  gives  very  nearly  the  amount  in  the  wettest  year. 
The  average  of  the  three  driest  years  in  twenty  is  a  safe  basis. 

It  may  be  assumed  that  on  the  average  y^ths  of  the  rainfall  is  available 
for  storage.  It  must  also  be  remembered  that  the  amount  of  rainfall  differs 
very  greatly  even  in  places  near  together. 

Ice  and  Snow  Water. — In  freezing,  Avater  becomes  purer,  losing  a  large 
portion  of  its  saline  contents.  Even  calcium  carbonate  and  sulphate  are 
partially  got  rid  of.  The  air  is  at  the  same  time  expelled.  Ice-water  may 
thus  be  tolerably  pure,  but  heavy  and  non-aerated.  Snow-water  contains 
the  salts  of  rain-water,  but  rather  more  ammonia.  The  amounts  of  car- 
bonic acid  and  air  are  very  small. 

An  analysis  of  the  ice  supplies  made  by  the  State  Board  of  Health  of 
INIassachusetts  showed  that,  taking  an  average  of  all  the  samples  exammed, 
the  organic  impurities  of  snow  ice,  as  measured  by  the-  ammonias,  amounted 
to  69  per  cent,  of  those  of  the  water ;  that  the  organic  impurities  of  all  the 
ice,  except  the  snow  ice,  amounted  to  12  per  cent.,  and  that  clear  ice  gave, 
only  6  per  cent,  of  the  impurities  of  the  waters.  The  salt  the  waters  con- 
tained was  nearly  all  removed  by  freezing. 

There  were  81  per  cent,  as  many  bacteria  in  the  snow  ice  as  in  the 
waters;  10  per  cent,  as  many  in  all  other  ice,  and  2  per  cent,  as  many  in 
the  clear  ice  as  in  the  Avaters.  It  is  therefore  much  safer  to  use  for  drink- 
ing water,  and  for  placing  in  contact  with  food,  that  portion  of  the  ice  which 
is  clear. 

Upland  Surface  Water. — This,  of  the  various  kinds  of  water,  most  nearly 
approaches  rain-water.  The  dissolved  solid  matters  are  larger,  their  amount 
and  nature  depending  on  the  kind  of  soil  over  which  the  Avater  rests,  and 
consequently  it  is  usual  to  subdivide  this  class  according  to  the  geological 
character  of  the  ground  from  Avhich  the  upland  surface  Avater  is  obtained. 
These  Avaters  do  not  contain  any  consideralile  amount  of  dissolved  matters, 
except  they  are  derived  from  calcareous  strata;  the  organic  substances 
present  are  chiefly  of  vegetable  and  not  of  animal  origin.  There  is  also  an 
absence  of  ammonia,  nitrates,  and  nitrites  beyond  that  in  Avhich  they  occur 
in  raiu-Avater.  The  chlorine  is  also  Ioav  and  the  Avater  soft.  These  upland 
surface  Avaters  are  not  only  valued  because  of  their  safety  for  drinking,  but 
also  on  account  of  their  fitness  for  trade  purposes. 

When  it  is  required  to  ascertain  the  yield  of  any  small  Avater-course  with 
some  nicety,  it  is  the  practice  of  engineers  to  dam  up  the  Avhole  stream,  and 
convey  the  Avater  by  some  artificial  channel  of  knoAvn  dimensions.  For  this 
purpose  one  of  the  folloAving  methods  may  be  employed. 

1.  A  Avooden  trough  of  a  certain  length,  in  Avhich  the  depth  of  Avater 
and  the  time  Avhich  a  float  takes  to  pass  from  one  end  to  the  other  is 
measured. 

2.  A  sluice  of  knoAvn  size,  in  Avhich  the  difference  of  level  of  the  Avater 
above  and  beloAv  the  sluice  is  measured. 

The  discharge  of  Avater  through  a  sluice  may  be  found  by  multiplying 
the  breadth  of  the  opening  by  tbe  height ;  this  gives  the  area  of  the  sluice. 
Tlic  discharge  equals  the  area  multiplied  by  five  times  the  square  root  of 
the  head  of  Avater  in  feet.  The  head  of  Avater  is  the  difference  of  level  of 
the  Avater  above  and  beloAv  the  dam  if  the  sluice  be  entirely  under  the 
loAver  level ;  or  the  height  of  the  upper  level  above  the  centre  of  the  open- 
ing, if  the  sluice  Ije  above  the  lower  level. 

3.  A  Aveir  formed  by  a  plank  set  "on  edge  in  Avliich  a  rectangular  notch 
is  cut,  usually  1  for.t  iii  Avidth  ;  over  this  the  Avatcr  floAvs  in  a  thin  sheet, 
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and  the  difterence  of  level  is  measured  by  the  depth  of  the  water  as  it  flows 
over  the  notch.  Then  by  means  of  a  table  the  amount  of  water  delivered 
per  minute  is  read  off.  The  weir  must  be  formed  of  very  thm  board  and 
be  perfectly  level ;  a  plumb-line  has  generally  to  be  used.  If  the  weir  is 
more  or  less  than  a  foot,  multiply  the  quantity  in  the  table  opposite  the 
criven  deiJth  by  the  length  of  the  weir  in  feet,  or  decimals  of  a  foot,  ilius 
if  the  weir  measure  1  foot,  and  the  depth  of  water  falling  over  be  2  inches, 
the  delivery  is  read  at  once,  viz.,  13-63  cubic  feet,  or  84-9  gallons  per 
minute. 


Depth  falling 
over,  inches. 

1 

li 
2 


Discliarge  per 
minute. 
1-70  cubic  feet. 
4-82 
8-84 
13-63 
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Deptli  falling 
over,  inches. 

2^ 

3 

3i 
4 


Discharge  per 
minute. 
19-70  cubic  feet. 
26-62     ,,  ,, 

40-71 


This  plan  of  measuring  the  yield  of  water-courses  is  the  one  now  most 
generally  adopted  by  engineers.  .    -,     •  ,      ^  -    ^  t.^ 

The  same  object  may,  however,  be  attained  with  sufhcient  accuracy  for 
the  purposes  of  the  medical  officer  by  selecting  a  portion  of  the  stream 
where  the  channel  is  pretty  uniform,  for  the  length  of,  say,  not  less  than  12 
or  15  yards,  and  in  the  course  of  which  there  are  no  eddies  Take  the 
breadth  and  the  average  depth  in  three  or  four  places,  to  obtain  the  sectional 
area.  Then,  dropping  in  a  chip  of  wood,  or  other  hght  object,  notice  how 
Ion-  it  takes  to  float  a  certain  distance  over  the  portion  of  channel  chosen 
From  this  can  be  got  the  surface  velocity  per  second,  which  is  greater  of 
course  than  the  bottom  or  the  mean  velocity.  Take  four-fifths  of  the  surface 
velocity  (being  nearly  the  proportion  of  mean  to  surface  velocity)  and 
multiply  by  the  sectional  area.    The  result  wiU  be  the  yield  of  the  stream 

It  may' sometimes  be  worth  while,  if  labour  be  at  hand,  to  remove  some 
of  the  irregularities  of  the  channel,  or  even  to  dig  a  new  one  across  the 
neck  of  a  bend  in  the  course  of  the  stream. 

SDiinff  and  WeU  Water.— The  rain  falling  on  the  ground  partly  evapor- 
ates partly  runs  off,  and  partly  sinks  in.  The  relative  amounts  vary  with  the 
confiiuration  and  density  of  the  ground,  and  with  the  circumstances  imped- 
tZ  or  favouring  evaporation,  such  as  temperature,  movement  of  air,  &c. 
in  the  magnesia^!  limestone  districts,  about  20  per  ceiit  penetrates ;  in  the 
New  Red  Sandstone  (Triassic),  25  per  cent. ;  in  the  chalk,  42  ;  in  the  loose 
TprHnrvsand  90  to  96.  Evans,  from  twenty-nine  years  observations  in 
S  eSk  a  Heme^  gives  the  winter  average  at  60-8  per  cent., 

t lie  s  mmer  at  15-5  per  cent.,  and  the  whole  year  37-5  per  cent. 

Penetrating  into  the  ground,  the  water  absorbs  a  large  proportion  of  car- 
bonic acid  from  the  air  in  the  interstices  of  he  soil,  winch  is  much  richer 
9?i  tidies)  in  CO.,  than  the  air  above.  It  then  passes  more  or  less  deeply 
iito  tl  e  earth,  and  dissolves  everything  it  meets  with  which  can  be  taken 
un  in  the  tinic,  at  the  temj.erature,  an.l  by  the  aid  of  carbonic  acid.  In 
rie  .i-lnd^oils  there  is  ^deficiency  of  CO  and  then  the  water  is  also 
wantin-  in  tliis  gas,  and  is  not  fresh  and  sparkling. 

The  cheniicaT  changes  and  decompositions  which  occur  in  the  soil  by  the 
action  of  CO,,  and  which  are  probably  influenced  by  diffusion,  and  perhaps 
iw  pressure,  a^  well  as  by  temperature,  are  ex  remely  cur.ouj.,  but  cannot 
be  entered  upon  here.  The  most  common  and  simple  are  the  solution  of 
caldum  carbinate,  and  the  decomposition  of  ca  cn.m  and  soduim  silicate  by 
cib^c  acid,  or  alkaline  carbonates.    Salts  of  ammonia,,  also,  when  thoy 
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exist,  appear  from  Dietrich's  observations  to  have  a  considerable  dissolving 

'"'ilS^.^lre  of  ti^ee  kinds-land  springs,  main  springs,  and  mtermittent 

L°and  springs  are  derived  from  the  percolation  of  water  through  super- 
ficial porous  soUs  such  as  sand,  gravel,  or  alluvial  earth  overlying  impervious 
stii  The  yield  of  water  is  uncertain,  depending  on  the  available  porous 
collecting  area,  which  may  be  of  smaU  extent,  When  adopting  a  land 
spring  as°a  source  of  supply,  it  must  be  gauged  several  times  in  the  year, 
esneciallv  in  summer  and  autumn.  , 
^  Main  springs  are  deep-seated  springs  whose  source  is  the  water  percolat- 
ing throu-h  thick  masses  of  porous  rock  overlying  an  impervious  stratum, 
often  the^coUecting  area  is  some  distance  from  the  spring.  These  springs 
are  chiefly  found  in  the  chalk  and  green  sand.       ■     ^  .  , 

Intermittent  springs  or  bournes  are  usuaUy  found  m  valleys  traversed 
by  rivers  and  bouLled  on  one  side  by  hills.  The  underground  water  rises 
from  the  river  level  to  the  hills,  and  in  winter  the  rise  is  much  steeper  than 
in  sununer ;  the  water  level  may  then  reach  the  surface  at  a  certain  spot  on 
the  side  of  the  hill  instead  of  remaining  beneath  the  impervious  strata  ihe 
sprin-,will  disappear  in  summer  as  the  level  of  the  underground  water  falls 
again"  and  in  this  way  an  intermittent  spring  will  be  produced. 

Spring.water  is  almost  always  clear  and  bright,  m  consequence  of  the 
-reat  degree  of  filtration  which  it  naturally  undergoes  in  percolating  through 
the  strata  which  it  may  have  traversed  between  the  gathermg  ground  from 
whichit  has  penetrated  and  the  point  at  which  it  issues  again  from  the  earth. 
For  the  same  reason  it  is  generally  cool,  unless  coming  from  a  depth  much 
above  200  feet ;  and  by  reason  of  the  gas  it  contains,  it  is  sparkhng  and 
brisk  to  the  taste.  The  temperature  of  the  water  vanes,  and  is  cliieny 
regulated  by  the  depth.  The  temperature  of  shallow  springs  alters  witli 
the  season  ;  that  of  deeper  springs  is  often  that  of  the  yearly  nxean.  in 
very  deep  springs,  or  in  some  Artesian  wells,  the  temperature  of  the  water 

^'if  will  often  be  a  matter  of  great  importance  to  determine  the  yield  of 
.springs,  as  a  body  of  men  may  have  to  be  placed  for  some  time  m  a  particular 
spot, "and  no  engineering  opinion,  perhaps,  can  be  obtained. 

A  spring  is  measured  most  easily  by  receiving  the  water  into  a  vessel  ot 
known  capacity,  and  timing  the  rate  of  filling.  The  spring  should  be  opened 
up  if  necessary,  and  the  vessel  should  be  of  large  size.  The  vessel  may  be 
measured  either  by  filling  it  first  by  means  of  a  known  (pint  or  gallon) 
measure,  or  by  gauging  it.  If  it  .be  round  or  square,  its  capacity  can  be  at 
once  known,  by  measuring  it,  and  using  the  rules  laid  down  m  the  chapte 
for  measuring  the  cubic  amount  of  air  ui  rooms.  The  capacity  of  the  vessel 
in  cubic  feet  may  be  brought  into  gallons,  if  desirable,  by  multiplying  by 
6"23 

Wells  are  of  different  kinds— shallow  wells,  deep  wells,  and  Artesian 

wells  1  11 

A  well  of  50  feet  in  depth,  or  less,  is  generally  regarded  as  a  shallow 
well ;  one  of  100  feet  or  more,  as  a  deep  well.    Artesian  wells  (so  callul 
from  having  been  first  sunk  in  the  provhice  of  Artois  m  Irancc)  are  genei- 
ally  Of  great  depth,  passing  tlirough  an  ujiper  impermeable  stratum  6 
clay,  and  penetrating  a  water-bearing  stratum,  which  crops  up  e  ^ewhe  e  at 
some  higher  point,  and  below  which  is  another  impenneal.le  stiatu  n 
Ordinary  wells  are  sometimes  supplemented  by  borings  to  increase 
supply. 
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Shaliow  wells  may  be  contixniiiiated  -with  any  impinities  at  or  near  the 
surface  of  the  ground,  and  the  water  from  such  wells  is  always  to  be 
regarded  Avith  suspicion.  Even  when  the  organic  matter  is  only  small  in 
amount,  it  is  generally  liighly  nitrogenous,  pointing  to  its  probable  animal 
origin,  and  in  some  exceptional  cases  the  organic  nitrogen  found  is  actually 
in  excess  of  tlie  carbon.  Deep  wells  are  generally  good  sources  of  supply. 
The  great  efficiency  of  the  filtration  which  most  of  these  deep-well  waters 
have  undergone  is  attested  by  their  entire  freedom  from  organic  matter, 
and  by  their  almost  absolute  freedom  from  every  kind  of  suspended  material 
whether  organic  or  inorganic.  Deep  well-waters,  as  regards  organic  matter, 
are  amongst  the  purest  to  be  found  in  nature,  and  unless  extremely  hard, 
they  are  of  the  best  for  drinking  purposes. 

In  shallow  wells  (10  to  50  feet  deep)  the  soakage  water  from  the  ground 
in  loose  soils  of  chalk  and  sand  is  often  very  impure.  Thus  in  a  town 
the  well-water  often  shows  evidence  of  nitrites,  nitrates,  ammonia,  and 
chlorine  far  in  excess  of  river-water  in  the  neighbourhood,  though  the  strata, 
are  the  same.  Occasionally,  by  constant  passage  of  the  water,  a  channel 
is  formed,  which  may  suddenly  discharge  into  the  well ;  and  probably  some 
of  the  cases  of  sudden  poisoning  from  water  have  thus  arisen. 

A  well  drains  an  extent  of  ground  about  it  nearly  in  the  shape  of  an 
inverted  cone.  The  area  must  depend  on  the  soil ;  but  the  experiments  at 
Grenelle  and  Passy  show  that  the  radius  of  the  area  drained  is  equal  to  four 
times  the  depth  at  least,  and  that  it  often  exceeds  this.  Dupuit  shows  that 
the  curve  of  the  subterranean  Avater  level  rises  suddenly  near  the  well,  and 
becomes  flatter  and  flatter  as  it  extends  under  the  ground  surface,  the  dis- 
tance to  which  it  reaches  depending  upon  the  lowering  of  the  level  of  water 
in  the  well.  Thus  a  shallow  well  heavily  pumped  may  dram  an  area  wider 
than  a  deejier  well  under  moderate  pumping.  The  distance  to  which  the 
influence  of  pumping  extends  is  very  variable,  ranging  from  15  to  160  times 
the  dei^ression  of  the  water  in  the  well.  It  is  this  depression  of  water  in 
the  well,  that  is,  the  quantity  of  water  taken  out,  that  determines  the 
drainacre  area,  rather  than  the  mere  depth  of  the  well.  Ansted  states  that 
the  deepest  (non-Artesian)  well  will  not  drain  a  cone  which  is  more  than 

half  a  mile  in  radius.  .  u  i 

A  well  which  yields  a  moderate  quantity  of  good  water  may,  if  the  de- 
mand on  it  be  increased,  draw  in  water  from  the  surrounding  parts  to  meet 
the  supply,  and  thus  tap  sources  of  impurity  which  a  moderate  demand 
left  untouched.  A  sudden  rise  in  the  ground  water  may  also  lead  to  direct 
communication  between  a  cesspool  and  a  well,  by  the  water  tapping  the 

former  in  its  flow.  •     ,.1    i    •         t  i 

In  some  cases  a  well  at  a  lower  level  may  receive  the  dnnnage  of  surround- 
incr  hills  flowing  down  to  it  from  great  distances.  Good  copuig  stones  so 
as^to  protect  from  surface  washings,  and  good  masonry  for  several  feet  below 
the  surface  of  wells  in  very  loose  soils,  so  as  to  prevent  superficial  soakage, 
are  necessary  in  all  shallow  wells.  .         .  xi        .  . 

The  yields  of  wells  can  only  be  known  by  pumping  out  the  water  to  a 
.•ertain  level  and  noticing  the  length  of  time  required  for  refilling.  In 
.•■ises  of  copious  flow  of  water  a  steam  engine  is  necessary  to  make  any 
impression  :  but,  in  other  cases,  pumping  by  hand  or  horse  labour  may  be 
sufficient  perceptibly  to  depress  the  water,  and  then,  if  the  quantity  taken 
out  be  measured,  and  the  time  taken  for  refilling  the  well  be  noted,  an 
ainiroximate  estimate  can  be  formed  of  the  yield. 

With  respect  to  wells,  if  they  are  situated  near  a  river,  and  do  not  pro- 
.duce  sufficient  water,  it  has  been  recommended  to  lay  perforated  earthen- 
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^^are  pipes  parallel  to  the  river,  and  below  its  fine-weatlier  level  m  trenches 
not  less  than  six  feet  deep,  and  filled  up  above  the  pipes  with  ^ne  gravel 
The  pipes  end  in  the  well,  and  water  passing  from  the  river  and  filtered 
through  the  gravel  passes  into  them.  _ 

Tube-wells,  commonly  knoAvn  as  Norton's  Abyssinian  tube-wells,  are 
iised  when  a  temporary  supply  is  required:  they  are  superior  to  dug  wells, 
which,  from  imperfect  steining  or  total  absence  of  it,  are  liable  to  become 
foul  from  surface  pollution.  They  are  constructed  by  driving  tubes  into 
the  soil,  one  length  being  screwed  on  to  another,  the  first  tube  being  per- 
forated at  the  bottom  for  about  2  feet,  its  lower  end  being  furnished  with 

a  steel  point  (fig.  3),         •  ,    i  i.         *.  i  fi 

\Vlien  the  subsoil  water  is  reached,  a  pump  is  attached  to  the  tube;  tne 
water  after  pumping  a  short  time  is  clear ;  the  tube  forms  a  cavity  which 
corresponds  to  the  ordinary  well  at  the  end  of  the  pipe,  owing  to  the 
removal  of  the  soil  by  pumping.  Koch  recommends  that  iron  tubes  be 
placed  in  dug  wells,  and  the  surrounding  space  filled  in  with  clean  gravel 
and  sand,  the  water  to  be  raised  by  a  pump  fixed  at  the  surface. 

Biver-Water.— Fed  from  a  variety  of  sources,  river-water  is  even  more 
complex  in  its  constitution  than  spring-water  ;  it  is  also  more  influenced  by 
the  season,  and  by  circumstances  connected  with  season,  such  as  the  melting 
of  snow  or  ice,  rains  and  floods,  &c.  The  w^ater  taken  on  opposite  sides  of 
the  same  river  has  been  found  to  differ  slightly  in  composition. 

Leffman  and  Beam  state  that  by  admixture  of  the  waters  from  widely- 
separated  districts,  the  character  and  amount  of  the  dissolved  matters  are 
much  modified,  and  give  the  folloAving  as  an  example.  The  Schuylkill 
Kiver  rises  in  the  anthracite  coal  region  of  Pennsylvania,  and  receiving  much 
refuse  mine  water  becomes  impregnated  with  iron  salts  and  free  mineral 
acid,  which  render  it  quite  unsuitable  for  drinking  or  manufacturing  pur- 
poses. In  its  course  of  about  100  miles,  it  passes  over  an  extensive  lime- 
stone district,  and  receives  several  large  streams  highly  charged  Avith  calcium 
carbonate.  The  result  is  a  neutralisation  of  the  acid,  and  a  precipitation 
of  the  iron  and  much  of  the  calcium.  The  river  becomes  purer,  and  at 
its  junction  with  the  Delaware  at  Philadelphia  it  contains  neither  free 
sulphuric  nor  hydrochloric  acid,  only  traces  of  iron,  and  but  a  small  amount 
of  CaSO^.  Thus  there  is  produced  a  soft  water,  superior  to  that  of  the 
river  near  its  source,  and  to  the  hard  waters  of  the  middle  Schuylkill 
region. 

The  dissolved  solids  in  river-water  vary  less  than  in  spring-water  :  they 
rarely  exceed  30  to  40  parts  per  100,000.  Sometimes  the  water  is  almost 
as  pure  as  rain-water.  The  amount  of  dissolved  organic  substances  is  gener- 
ally much  greater  than  in  spring-water.  This  is  due  to  the  surface  drainage 
being  discharged  into  the  rivers.  River-water  is  generally  good  and  palat- 
able, unless  sewage  or  other  impurities  are  allowed  to  get  into  it. 

The  general  result  of  solution  and  decomposition  is,  that  the  water  of 
springs  and  rivers  often  contains  a  great  number  of  constituents — some  m 
very  small,  others  in  great  amount.  Some  waters  are  so  highly  cliarged  as 
to  be  termed  mineral  waters,  and  to  be  unfit  for  drinking,  except  as  medi- 
cines. The  impurities  of  water  are  not  so  much  influenced  by  the  depth  of 
the  spring  as  by  the  strata  it  passes  through.  The  water  of  a  surface-spring, 
or  of  the  deepest  Artesian  well,  may  be  pure  or  impure. 

The  substances  which  are  contained  in  spring,  river,  and  well  waters  are 
noted  more  fully  under  the  head  of  "  examination  op  water."  There  iiiay 
be  suspended  matters,  mineral,  vegetable,  or  animal  ;  dissolved  gase.s,  viz., 
nitrogen,  oxygen,  carbon  dioxide,  and  in  some  cases  hydrogen  sulphide  and 
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carljuretted  hydrogen  ;  and  dissolved  solid  matters,  consisting  of  lime,  mag- 
nesia, soda,  potash,  ammonia,  iron,  alumina,  combined  with  chlorine,  and 
sulphuric,  carbonic,  phosphoric,  nitric,  nitrous,  and  silicic  acids.  Less 
frequently,  or  in  special  cases,  certain  metals,  as  arsenic,  manganese,  lead, 
zinc,  and  copper,  may  be  present.- .  . 

The  mode  of  combination  of  these  substances  is  as  yet  uncertain  ;  it  may 
be  that  the  acids  and  bases  are  equally .  distributed  among  each  other,  or 
some  other  modes  of  combination  may  be  in  play.  The  mode  of  combina- 
tion may  usually-  be  assumed  to  be  .as  follows.  Each  separate  substance 
being  determined,  the  chlorine  is  combined  with  sodium;  if  there  is  an 
excess  it'  is ,  combined  with  potassium  or  calcium  ;  if  there  is  an  excess  of 
soeliuni,  it  is  combined  with  sulphuric  acid,  or  if  still  in  excess,  with  car- 
bonic acid.  Lime  is  combined  with  excess  of  chlorine,  or  sulphuric  acid,  or 
if  there  be.  no.  sulphuric  acid,  or  an  excess  of  lime,  with  carbonic  acid. 
Magnesia  is  combined  with  carbonic  acid.  ,  So  that  the  most  usual  combina- 
tions are  sodium  chloride,  sodium  sulphate,  sodium  carbonate,  calcium 
carbonate  (held  in  solution  by  carbonic  acid),  calcium  sulphate,  calcium 
chloride  and  silicate,  and  magnesium  carbonate ;  but  the  residts  of  the 
analysis  may  render  other  combinations  necessary. 

Distilled  Water.— Distilled  water  is  now  largely  used,  and  affords  an 
easy  way  of  getting  good  water.  It  is  .the  most  effectual  mode  of  freeing 
water  from  all  its  impurities.  On  board  ships  distillation  of  sea-water  is 
resorted  to  in  order  to  render  salt  water  fit  for  drinking,  and  although  the 
water  thus  obtained  is  pure,  yet  all  the  gases  having  been  driven  from  it  by 
the  boiling,  it  is  unpalatable,  and  by  some  supposed  to  be  indigestible.  It 
may  be  aerated  by  allowing  it  to  trickle  slowly  down  through  a  long  column 
of  wood  charcoal,  or  by  filtration  through  animal  charcoal  or  other  porous 
substance.  Distilled  water  is  also  employed  for  the  manufacture  of  aerated 
waters,  and  for  artificial  ice. 

Care  should  be  taken  that  no  lead,  zinc,  or  copper  finds  its  way  nito  the 
distilled  Avater.  Many  cases  of  lead  poisoning  have  occurred  on  board  ships, 
partly  from  the  use  of  minium  in  the  apparatus,  and  partly  from  the  use  of 
zinc  pipes  containing  lead  in  their  composition.    If  possible  Uuck  tin  should 

always  be  used.  ,        .  .        ^  , 

Sea-Water.— While  the  ocean  is  constantly  receiving  waters  more  or  less 
impure,  it  is  at  the  same  time  losing  pure  water  in  the  form  of  vapour,  the 
mineral  salts  remaining  behind,  and  imparting  to  it  its  saline  character. 

The  composition  of  sea-water  varies  considerably  m  difterent  places  and 
at  diff"erent  depths.  Thus  in  the  vicinity  of  the  poles,  the  proportion  of  salt 
is  less  than  at  the  equator,  while  parts  of  the  Mediterranean  are  more  salt 

than  the  great  oceans.  .     .       •  i-  n     •      ^  ^^ 

The  average  composition  of  sea-water  is  given  in  the  following  table 

(Frankland,  E.)  :— 

Parts  per  100,000. 


Source. 

Total 
Solids. 

Organic 
Carbon. 

Organic 
Nitrogen. 

Ammonia. 

Nitrogen  as 
Nitrites  and 
Nitrates. 

Total 
Combined 
Nitrogen. 

Chlorine. 

Hardness. 

Total. 

FUed. 

Hastings, two 
miles  from 
the  shore,  . 

3955 

0-291 

0-135 

0-005 

0-013 

0-152 

2050 

G98 

646 
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Comparative  Value  of  the  Various  Sources  of  Water-Supply.  This 

depends  on  many  circumstances.  Spring-water  is  both  pure  and  impure  in 
dilferent  cases ;  and  the  mere  fact  of  its  being  a  spring  is  not,  as  sometimes 
imagined,  a  test  of  goodness.  Frequently,  indeed,  river-water  is  purer  than 
spring-water,  especially  from  the  deposit  of  calcium  carbonate  j  organic  matter 
is,  liowever,  generally  in  greater  quantity,  as  so  much  more  vegetable  matter 
and  animal  excreta  lind  their  way  into  it.  The  water  of  a  river  may  have  a 
very  different  constitution  from  that  of  the  springs  near  its  banks.  A  good 
example  is  given  by  the  Ouse  at  York  ;  the  water  of  this  river  is  derived 
chiefly  from  the  millstone  grit,  which  feeds  the  Swale,  the.  Ure,  and  the 
Nid,  tributaries  of  the  Ouse ;  the  water  contains  only  13  parts  per  100,000 
of  salts  of  calcium,  magnesium,  sodium,  and  a  little  iron.  The  wells  in  the 
neighbourhood  pass  down  into  the  soft  red  sandstone  (Yoredale  series)  which 
lies  below  the  millstone  grit ;  the  water  contains  as  much  as  92*8  parts,  and 
even,  in  one  case,  137  parts  per  100,000  of  total  solids  ;  in  addition  to  the 
usual  salts  there  is  much  calcium  chloride,  and  calcium,  sodium,  and  mag- 
nesium nitrates.  Shallow-well  water  is  always  to  be  viewed  with  suspicion ; 
it  is  the  natural  point  to  which  the  drainage  of  a  good  deal  of  surrounding 
land  tends,  and  heavy  rains  will  often  wash  many  substances  into  it. 
Instances  are  recorded  where  good  and  bad  water  was  obtained  from  different 
levels  in  the  same  well. 

Classification  of  Drinking  Waters,— The  general  characters  of  good  water 
are  easily  enumerated.  Perfect  clearness;  freedom  from  odour  or  taste; 
coolness ;  good  aeration ;  and  a  certain  degree  of  softness,  so  that  cooking 
operations,  and  especially  of  vegetables,  can  be  properly  performed,  are 
obvious  properties.  But  when  we  attempt  a  more  complete  description, 
and  assign  the  amounts  of  the  dissolved  matters  which  it  is  desirable  should 
not  be  exceeded,  we  find  considerable  difference  of  opinion,  and  also  a  real 
want  of  evidence  on  which  to  base  a  satisfactory  judgment. 

The foUoAving  tables  are  given  by  the  Rivers  Pollution  Commissioners:^ 

1.  In  respect  of  wholesomeness,  palatabihty,  and  general  fitness  for  drink- 
ing and  cooking : — 

(I.  Spring-water,    .       .  )  ^  ^  ^^ 

Wholesome    •]  2.  Deep-well  water,      .  /^^""y  Palatable. 

\  3.  Upland  surface  water,  1      j     .  ,       ,  ^  , , 

r  4.  Stored  rain-water,     .  ]  moderately  palatable. 


Suspicious 
Dangerous 


5.  Surface  water  from  cultivated  land,       .       .  i 

6.  River-water,  to  which  sewage  gains  access,     .     [  palatable 

7.  Shallow-well  water,  J 


2.  Classified  according  to  softness  with  regard  to  washing,  &c. : — 

1.  Rain-water. 

2.  Upland  surface  water. 

3.  Surface  water  from  cultivated  land. 

4.  Polluted  river  waters, 

5.  Spring-water. 

6.  Deep-well  water. 

7.  Shallow-well  water. 

3.  As  regards  the  influence  of  geological  formation  in  rendering  the  water 
.sparkling,  colourless,  palatable,  and  wholesome.  The  following  water- 
bearing strata  are  the  most  efficient : — 

1.  Chalk. 

2.  Oolite. 

3.  Greeusand. 

4.  Hastings  Sand. 

\  5.  New  Rod  and  Conglomerate  Sandstone. 
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•  Water  intended  for  the  supply  of  towns  and  camps  is  usually  obtained 
from  three  sources,  viz.,  rainfall  on  upland  surfaces  rivers  P  J^/^^^;^^ 

In  upland  surface  schemes  the  hydrographical  hasin  to  w  nch  he  o^v  n 
or  camp  belongs  must  be  considered  together  with  the  rainfall  allowance 
being  made  for%he  enlargement  of  the  town  and  possible  ----;^^":-f - 
its  g^athering  area.    With  regard  to  the  ramfal ,  it  is  ^^^^^^  to  take  the 
mean  of  the  three  driest  years ;  the  amount  available  for  use  is  i  o  tl^^  ot 

the  rainfall,  owing  to  losses  from  floods,  absorption,  and  evaporation.  The 
Csfo  a  Particular  period  maybe  obtained  by  comparing  the  gaugnigs  of 
Sams  fi  from  tl J  drainage  Ground  with  the  returns     the  rain-^^^^^^^^ 
the  same  period.    Storage  reservoirs  are  required  to  2"*^,^.^^^^^  ^^^^^^^^ 
nnd  demand  and  are  usually  made  by  mipounding  the  water  liom  t  le 
oa  heS>  immds  in  such  a  position  that  the  town  or  community  may  be 
su  pi  d°by  gravitation.    Compensating  and  service  reservoirs  are  al  o 
T  e  ary  :  the  former  to  receive  the  turbid  water  at  flood  time  so  hat  t  e 
compensation  water  to  be  given  to  streams  and  miUs  ^ 
the  clear  water  reservoir  ;  the  latter  to  receive  the  clear  water,  and  directlj 
supplTthe  town.    The  storage  which  is  requu-ed  in  the  impounding  reser- 
voir is  given  by  Hawksley's  fornuila  K  =         5^  i^-^i^^s        ^^^^^  ^^"^^^"^ 
rainfall  in  inches  of  three  consecutive  dry  years,  say  fths  of  the  average 
aZia I  rahifTu,  and  D  the  number  of  days'  storage.    It  is  usually  from  four 
0^  n"^^^^^^^^^  The  most  common  way  of  ^^^^^^^^^^^ 

is  that  in  which  a  dam  is  thrown  across  a  valley.    The  best  site  is  tlie  one 
Wiethe  smallest  dam  is  required  with  --P--^^-^""^^^^-™;^,^^^^^ 
b,  the  reservoir  so  that  there  may  be  no  undue  proportion  of  shal  ow  watci 
where  iTeTowth  of  vegetation  will  be  fostered.    The  geological  featux^s 
Tf  t  re  region  must  be  carefully  examined  so  that  the  reservoir  may  be 

;    f,„lff      F.rthwork  is  chiefly  used   to   form  large  dams,  and  in 
water-tight.     ^aito^^^^^        c      y  ^^^^  ^^^^^^^      ^^^^  ^^^^^^ 

cainetl  Clown  m  miHet  culvert  from  the  reservoir  must  never  be 

impervious  stratum.    T  e  o^^^^^^^^  under  a  dam  it  should  be 

^::^e::ti:^^^  Ke  trench  ;  generally  the  culvert 
bedded  in  conciete  on  uic  ^^,^,imt.     The  apparatus,  viz.,  valves, 

axscharges  into  ^  ^^^^^^^^  ^  scharge  of  water,  is  usually  placed  at  the 
sluices,  etc.  f  n  ^^5;"^^ Inste-weir  and  bye-wash  are  also  necessary,  so 
^eniS    h^d    L-ge    f  watli  hi  tin  J  of  flood.    Engineers  provide 
Ipr  rnn  3  feet  in'^len^     of  waste-weir  for  every  hundred  acres  o 
not  ess  than  d  ^^^^  m      -  to  have  works  at  the  upper  end 

catchment  area.  It  is  ge»e  <  '^J  |  ...-^^i,,,,  of  water,  and  entirely  divert 
of  the  reservoir  so  as  to  regulate  ttic  '^'^^  '>;^^^  i.npounding  reserioir  the 
it  if  accessary  during  tunes  of  lood^^^^^^  i^^^^^^^^^  o  .^^ 

.atcr  is  c^ncd  ^ ^ J^^^^^^:^ L  hold  from  twelve 
reservoir,  whicli  s  usuauy  w  ^  .listricts,  each  of 

Houi^totwo  day^  supp^^^^^  ^^^^^^.^ 

'  b^t  if  Ul^:  is  .uiy  Ihance  ol  pollution  of  ^le  water  from  habitations 
H,r  f-.,tchment  area,  filtration  must  be  employed.  _  ■  ,  i 

"  iLef  sSes.-When  water  is  obtained  from  a _  river  the  intake 
River  °^PP"^;-   ^  ^   tream  is  constantly  flowing  ;  stagnant  and 

SIV;!""!.:'--^^^^^^^  T...at..  i^boat  take..  5  fat  bdo.v  t... 


mVEU  AND  DEEP-WELL  SUPPLIES. 


.19 


lowest  simuner  level,  screens  being  placed  so  as  to  exclude  grosser 
suspended  materials.  In  river  schemes  it  is  not  necessary  to  provide  the 
large  storage  reservoirs  required  to  equalise  the  supply  and  demand  in 
gravitation  schemes.  It  is  sufficient  if  the  smallest  dry-Aveather  flow  of  the 
river  is  so  large  as  not  to  be  seriously  attected  by  the  withdrawal  of  the 
amount  required  for  the  works.  The  water  required  is  generally  led  from 
the  river  into  subsiding  reservoirs,  where  a  considerable  amount  of  purifica- 
tion takes  place ;  but  even  after  sedimentation  a  river- water  cannot  be  used 
for  drinking  purposes,  it  must  be  purified  by  sand  filtration.  The  areas  of 
subsiding  reservoirs  vary  greatly  in  London,  due  to  differences  of  opinion  as 
to  the  most  economical  point  to  carry  the  clarification  before  commencing 
filtration.  Depositing  or  subsiding  reservoirs  are  usually  made  equal  to 
three  days'  demand,  and  generally  from  10  to  15  feet  deep.  From  the 
depositing  reservoirs  the  water  is  passed  on  to  the  filter  beds  ;  the  filtrate  is 
then  collected  in  clear  water  wells,  from  whence  it  is  pumped  up  to  covered 
reservoirs  so  as  to  obtain  the  necessary  head  to  supply  the  various  districts. 

Deep  WeUs,  &c. — At  one  time  deep  wells  were  a  common  source  of 
supply  for  towns.  Borings  made  into  the  chalk  and  New  Red  Sandstone 
yielded  an  excellent  water  Avhich  -was  pumped  up  into  large  tanks  placed  at 
the  top  of  a  water-tower  so  as  to  obtain  the  necessary  head.  In  some 
cases,  however,  it  Avas  found  extremely  difficult  to  meet  the  requirements  of 
steadily  growing  towns ;  borings  could  not  be  increased  indefinitely  as  each 
one  drained  a  considerable  area,  and  wells  sunk  in  gravel  beds  were  liable 
to  be  influenced  by  seasons  of  drought.  For  these  reasons  Avells  are  now 
being  given  up  for  the  supply  of  large  towns,  but  are  still  retained  for  small 
communities  such  as  prisons,  asylums,  &c. 

In  villages  and  rural  districts,  shallow  Avells  often  form  the  only  source 
of  supply ;  they  are  usually  open  to  pollution,  and  should  be  looked  upon 
with  suspicion  unless  covered,  steined  to  a  sufficient  depth,  and  surrounded 
by  at  least  an  acre  of  unpolluted  ground.    Where  the  subsoil  Avater  is  at  a 
gi-cat  depth,  necessitating  the  use  of  a  force-pump,  or  the  subsoil  Avater  is 
much  polluted,  it  is  often  possible  to  obtain  a  pure  supply  from  main 
springs.    Occasionally  rain-Avater  collected  from  the  roofs  of  buildings  is  tlie 
only  available  source  of  supply ;  great  care  should  then  be  taken  to  ensure 
its  freedom  from  metallic  compounds  and  organic  impurities.  Eain-Avater 
must  never  be  collected  from  lead  surfaces,  and  even  roofs  covered  mth  sheet 
zinc  or  galvanised  iron  give  up  zinc  to  Avater  collected  from  them.    After  a 
drought  the  first  Avater  obtained  contains  many  impurities.    Roberts  has 
devised  a  separator  for  getting  rid  of  the  impure  Avater  first  collected.  Tlie 
.separator  contains  a  canter  whicli,  Avhen  empty,  is  heavier  on  the  right  side 
than  on  the  left.    The  rain-Avater,  first  entering  the  separator,  runs  round  the 
canter  and  passes  out  at  an  aperture  placed  behind  the  exit  to  the  storage 
cistern.    But  gradually  a  compartment  on  the  left  side  of  the  canter  fills 
Avith  Avater,  and  at  a  certain  point  its  Aveiglit  is  sufficient  to  overbalance  the 
canter  and  so  force  the  main  column  of  Avater  to  run  out  at  the  storage 
outlet.    The  amount  of  water  delivered  so  as  to  overl^alance  the  canter  is 
arranged  to  have  a  definite  relation  to  the  area  of  the  collecting  surface ; 
Avhen  all  tlie  clean  rain-Avater  has  passed  througli  the  sei)arator  the  Avater  in 
the  canter  is  removed  by  siphon  action,  and  tlie  canter  then  falls  back  to  its 
original  position. 

Rain-Avater  intended  for  drinking  purposes,  after  leaving  the  .separator, 
should  always  be  filtered  tlirougli  sand  and  stored  in  cisterns.  Tlie 
niaterials  of  cisterns  are  stone,  cement,  brick,  slate,  tiles,  lead,  zinc,  and 
iron.    Of  these,  slate  is  the  best,  but  it  is  rather  liable  to  leakage,  and  must 
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hp  sGt  in  <^ood  cement  or  in  Spence's  metal ;  common  mortar  must  not  be 
od  f  ^tone  or  cement,  as  Unl  is  taken  up  and  the  water  becomes^  -^^^^^ 
l  eaden  cisterns,,  as  in  the  case  of  leaden  pipes,  often  yield  lead  to  A^atel 
^  Sn,nd  ni?  be  used  •  they  are  corroded  by  mud  or  mortar,  even  when 
Tl^Kd  ssoW^^^^  Iron  cisteri  and  pipes  are  often  rapidly 

enten  Unv  th^^^^  sometimes  protected  by  being  covered  inside  with 
MHn    imen^^^^^^  with  a  vitreoiis  glaze  or  with  Crease's  patent  cement 

tanks  are  aisovLiy  ,      ^  ^^^le^i   ^b^t  water  passing  through 

from  the  sun      Zu  c  ^^^^^^^  /^^^^^  badly  galvanised  iron  vessels,  may 

salts,  especially  «  T^fJ^'^^J  ^-inc^  ,^,terials  for  cisterns,  as  much  as 
act  upon  the  metal  ^  protected  as  much  as  possible 

tW  i  —  It^e"— n  is  an  overflow-pipe  passing 
^c^^  atr;  so  that  the  ^^^^^^^^^^ 
the  cover  of  the  cistern,  -[^fl^^^y^'l^^l^^^'Zlvm  a  trap  but 
overflow-pipe  is  curved  so  as  to  J^^am  ^/^^^^^^^^  through  it ;  no 

the  water  often  evaporates  or  the  ga  es  >  ^^^^^  ^^^^^  ^j,,,, 

overflow-pipe  should  therefore  "^f^^^  ,  water-closet  should 

ground  over  a  trapped  grating.  A  3™  J™  ^  ^^^^  i  leading  to 
not  be  used  to  supply  cooking  and  '-  -^^-S  ^^^'nce  1  small  cistern 

the  closet  often  conduct  closet       ^^Jf  'eSi  closet.    C  sterns  should  be 

periodically  ^^^^  ^^l^^^^, '       convenient  means  of  access  should  be  pro- 
placedat  the  opof  th  _^^^^^^^^ 

vided.    ianks  to  noia  i  ^  f        sources  of  water  the 

Distribution.-When  ^^"^^f  '°The  distribution  by  hand  is  rude 

supply  should  be      '-q-f  s^pp  y  the  proper^uantity,  and 

and  objectionable,  for  it      '^'V^'^^^^^^      q^^J the  most  extraordinary 

for  in  many  towns  where   ouse^^^^^^^^  o  ^^^^  ^^^.^ 

there  are  no  means  ^^^^^^  even  when  its  supply  is  ample, 

inconvenience  actually         ^  f ^n  one  of  two  systems,  intermiftmt 
The  -m^y^^^^^:::^tZo  plans  is,  t  lat  in  the  first  case 
ov  cons  ant  for  from  one  to  three  days;  while  in  the 

there  is  storage  m  the  li^^'^^^        \    .    j       ^        ^  very  small  scale  for 

'^''j::::  tzz:^^  1/  f-  th/-ppiy  of  ^dtchen  boiiei. 

two  P^IJ^f^'j;':;  7,  I,,acrstood  that  the  c<Mistant  supply  has  not  always 
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cut  off,  particularly  in  places  where  the  supply  was  limited,  and  the  fittings 
not  good,  and  where  there  was  great  waste. 

The  weak  point  in  the  system  of  constant  supply  is  the  surrender  of 
all  control  of  the  supply  at  times  of  drought,  heat,  or  frost,  Avhen  there  is 
widespread  waste  or  misuse  of  water,  resulting  sometimes  in  scarcity,  in 
the  less  favourably  situated  locaUties. 

The  intermittent  charging  of  pipes  favours  corrosion,  which  in  turn 
causes  turbidity,  while  the  shutting-off  of  the  water  from  the  service-mains 
and  their  dei^letion  by  the  gravitation  of  the  water  into  the  basement 
cisterns  or  by  leakage,  tend  to  create  a  vacuum  into  which  may  be  drawn 
either  foul  air  or  foul  water.  In  case  of  fire  a  supply  of  water  cannot  be 
ensured  without  the  intervention  of  a  turncock.  All  the  above  evils  are 
avoided  by  the  use  of  a  constant  service. 

The  terms  useel  to  describe  the  pipes  differ  a  little  apparently ;  the  mains 
and  districts  or  sub-mains  are  the  large  pipes,  which  are  always  full  of  water, 
the  latter  being,  of  course,  the  smaller ;  the  service-pipe  is  another  term  for 
a  district  main.  The  communication-pipe  is  that  which  runs  from  the 
service-pipe  to  the  house,  and  in  the  house  it  takes  the  name  of  house- 
pipe. 

The  great  arguments  against  storage  on  the  premises  (except  on  a  limited 
scale  for  closets  and  boilers)  are  the  chances  of  contamination  in  cisterns, 
and  the  very  imperfect  means  of  storage,  which  is  especially  the  case  in 
houses  occupied  by  the  working-classes. 

In  providing  a  constant  supply,  certain  precautions  are  necessary.  The 
fittings  must  be  as  perfect  as  possible.  When  the  fittings  are  good,  there  is 
real  economy  in  tlie  constant  system, — as  shown  in  the  comparison  between 
Lincoln  and  Oxford,  and  by  Hawksley's  evidence  with  reference  to  Norwich. 
Common  taps  do  not  answer,  and  the  best  screw  taps  and  fittings  must  be 
used. 

One  important  sanitary  advantage  of  the  constant  system  is  that,  in  order 
to  facilitate  inspection  and  detection  of  waste,  no  waste-pipe  is  allowed  to 
open  into  a  sewer,  but  it  is  always  so  placed  that  any  escape  of  water  can 
be  easily  seen  (the  so-called  warning-pipe).  The  great  evil  of  sewer  gases 
being  conducted  back  into  houses  through  overflow-pipes  is  thus  avoided. 
Careful  insjtection  and  good  fittings  so  far  lessen  the  Avaste  of  the  constant 
system,  that  in  some  cases  less  water  is  used  than  under  the  intermittent 
plan. 

Deacon  has  shown  that  the  loss  on  the  constant  system  is  due  to  causes 
over  wliich  the  consumer  has  generally  little  or  no  control,  and  that  it  occurs 
for  the  most  part  before  the  water  reaches  him.  It  arises  chiefly  from  leaks 
in  pipes,  drawn  joints,  and  so  on,  and  up  to  lately  there  were  no  means  of 
detecting  tliis  in  a  way  practically  useful.  By  the  introduction  of  his  water- 
waste  meter  this  is  done  with  the  utmost  precision  and  accuracy,  so  that  in 
Liverpool  the  expenditure  of  water  lias  been  considerably  reduced. 

Deacon's  waste-meter  consists  of  a  conical  tube  in  which  is  suspended, 
by  means  of  a  weighted  wire,  a  disc  which,  when  no  water  is  passing  through 
tlie  instrument,  is  raised  l)y  the  weight  until  it  closes  the  upper  end  of  the 
conical  tul)e.  As  water  passes  through  the  meter  in  a  downward  direction 
it  presses  down  tlie  disc,  leaving  an  annular  orifice  between  it  and  the  gauge- 
tulje  sufficiently  large  to  allow  of  tlie  passage  of  water.  When  a  steady 
flow  is  maintained  the  disc  will  be  kept  at  a  constant  level.  On  the  upper 
part  of  the  wire  outside  of  the  gauge-tube  there  is  attached  a  pencil  with 
guide  wheels,  wliich  is  elevated  or  depressed  according  to  the  position  of 
the  disc.    The  point  of  this  pencil  presses  on  a  recording  drum  which  is 
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driven  hy  cloclvworlc,  and  lias  on  its  circumference  a  paper  _  divided  mto 
portions  corresponding  to  tlie  various  liours  of  the  day  and  night,  it  wUi 
be  seen  that  when  there  is  no  water  passing  through  the  pipe,  the  pencil 
will  draw  a  line  perfectly  horizontal,  but  if  there  is  any  leakage  in  the  pipe 
the  disc  will  be  depressed  and  the  line  recorded  by  the  pencil  will  be  beloAv 
the  normal  horizontal.  Readings  are  best  taken  during  the  early  hours  ot 
the  morning,  say  from  1  a.m.  till  5  a.m.,  as  no  one  is  likely  to  use  water  at 
those  hours  J  if  the  diagram  shows  water  has  been  passing  tlirough  the  pipe 
there  must  be  some  leakage,  which  is  then  localised  by  shutting  off  ditterent 
wards  on  succeeding  nights  and  noticing  the  effect  on  the  diagram,  ilie 
pipes  in  the  localised  ward  are  finally  examined  with  a  stethoscope,  by  wlucli 
means  it  is  possible  to  locate  with  fair  accuracy  the  position  of  the  leak. 

The  Lambeth  Water  Company  supply  part  of  their  district  on  the  con- 
stant system  and  part  on  the  intermittent.  The  constant  supply  is  checked 
by  Deacon's  waste-water  meters  and  the  results  have  been  very  satistactory, 
the  saving  in  consumption  being  about  7  gallons  per  head  as  compared 
with  the  Company's  entire  district.  At  Bradford,  during  1887  and  188S, 
the  saving  was  estimated  to  be  2,000,000  gallons  per  diem.  The  sanitary 
benefits  of  the  constant  supply-causing  a  constant  internal  pressure  m  tlie 
water-mains  always  above  that  of  the  atmosphere,  and  rendernig  nnpossiljle 
the  accession  of  foul  matter  to  the  mains  which  so  common  y  oc-curs  when 
during  intermissions  of  supply,  the  internal  pressure  falls  below  that  of  the 
atmosphere-scarcely  admit  of  exaggeration.  Further  improvements  in 
the  direction  of  detecting  leakage  have  been  made  i^^^.  Frankfor  and  <^tliei 
cities  in  Germany,  where  the  microphone  m  connection  with  these  an  atei- 

meters  has  been  used.  -i  f„ 

If  the  constant  system  is  used,  a  good  screw  stopcock,  available  to  the 
tenant,  should  be  placed  at  the  point  of  entrance  of  the  pipe  into  tlie  jouse 
so  that  the  water  may  be  turned  off  if  pipes  burst,  or  to  al  ow  tl|e  p  Pc 
be  empty,  as  during  frost.    Every  precaution  must  be  that  ^u  e 

water  is  not  dra^ATi  into  the  pipes  by  a  pipe  being  emptied  and  sucking  up 

water  from  a  distance.  _      .  ■,  ,  i     i    •  n 

For  the  supply  of  a  very  large  city,  it  might  be  desirable   o  ^i^uh^^  lie 
city  into  sect  ons,  and  to  establish  a  reservoir  for  each  district,  holding 
Se  or  four  daj^s'  supply.    In  this  way  the  waste  of  one  section  would 
ot  take  away  the  water  from  another.    In  some  instances,  people  m  one 
a  t  o   a  town,  supplied  on  the  constant  system,  have  used  so  much  wate 
o  gardens  that  other  parts  have  been  altogether  deprived  of  supply-  The 
svstem  of  secondary  reservoirs  would  not  only  lessen  tins  chance,  but 
^M.^^^^^  to  ascertain  that  every  part  of  the  town_  wa.  getting 
its  sui^ply.    The  number  of  water  companies  m  London  has  m  fact  some- 
what this  effect,  but  the  subdivisitju  is  nut  earned  far  enougli. 

Ti  e  e  is  no  .loubt  that  the  constant  system  is  the  safer,  e-specially  for 
poor  houses,  as  it  leaves  no  loophole  for  inattention      .^'^^f  f . 
chterns.    Only,  it  requires  that  the  constant  system  should  really  fulhl  the 
coSV.ns  laid  down  for  it-viz.,  it  should  deliver  suihc.ent  water  at  all 
■  times  and  not  merely  delude  us  with  a  phrase.  ... 

i,  both  plans  tlie  water  is  con.luct.Ml  from  the  reservoirs  m  pipes.  Ihe 
nipos  a  e  composed  of  iron,  stoneware,  or  masonry,  for   he  V^l^^^  or 

i,H  cast  irn  ,  being  those  most  generally  in  use.    Tlie  length  of  the  pipe, 
uklly  about  9  fe.^l,  and  a  hub  and  spigot  lon.t  forme.l,  a.lapted  fir.st  to 
,    o^n    imckin-  of  .leal  we<lges  aii.l  afterwar.1  to  a  packing  of  lead.  Tins 
fo  m  of         ^^lmits  of  their  free  expansion  and  contractum  with  varying 
^p  mtu res  of  water  and  earth,  and  renders  them  less  liable  t..  fracture. 
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For  the  smaller  pipes,  galvanised  iron,  lead,  tin,  vitreous  glazed  iron  pipes, 
&,G.,  are  used. 

The  action  of  water  upon  iron  pipes  appears  to  be  energetic  at  first,  but 
diminishes  after  a  little  time.  Several  processes  have  been  proposed  for 
the  preservation  of  the  pipe  surface.  Barif's  method  consists  in  raising 
the  temperature  of  the  metal  to  about  1200°  F. — a  white  heat — in  a  suit- 
able chamber,  into  which  is  passed  superheated  steam  ;  the  metal  is  exposed 
to  this  action  for  several  hours,  and  becomes  coated  Avith  a  protective  oxide, 
Angus  Smith  patented  a  process  for  coating  iron  pipes  with  a  varnish  of 
pitch,  derived  from  coal  tar ;  the  pipes  are  heated  in  a  retort  or  oven  to 
a  temperature  of  about  310°  F.  and  then  immersed  in  a  bath  of  pitch 
which  is  maintained  at  a  temperature  of  not  less  than  310°  F.  The  pitch  is 
specially  prepared,  being  distilled  from  coal  tar  until  the  naphtha  is  entirely 
removed  and  the  material  deodorised ;  to  this  about  5  or  6  per  cent,  of 
linseed  oil  is  added.  The  pipes  should  be  free  from  rust  and  strictly  clean 
when  they  are  immersed  in  the  pitch  bath. 

Sheet  iron  water-pipes  lined  and  coated  with  hydraulic  cement  are  used 
in  the  United  States.  The  sheet  iron  is  formed  into  pipes  about  8  feet  long, 
and  riveted.  These  are  then  lined  with  hydrauhc  cement,  and  when  lined 
are  enclosed  in  a  bed  of  cement.  Iron  is  the  best  material  for  the  larger 
pipes,  and  it  is  also  necessary  (steam-piping)  for  the  smaller  pipes  under 
the  jwessure  of  the  constant  service  system. 

\^''ater  should  be  distributed  not  only  to  every  house,  but  to  every  floor 
in  a  house.  If  this  is  not  done,  if  labour  is  scarce  in  the  houses  of  poor 
people,  the  water  is  used  several  times  ;  it  becomes  a  question  of  labour  and 
trouble  versus  cleanliness  and  health,  and  the  latter  too  often  give  way. 
jNIeans  must  also  be  devised  for  the  speedy  removal  of  dirty  water  from 
houses  for  the  same  reasons.  In  fact,  houses  let  out  in  lodgings  should  be 
looked  upon,  not  as  single  houses,  but  as  a  collection  of  dwellings,  as  they 
really  are. 

Action  of  Water  on  Lead  Pipes. — There  are  more  discrepancies  of 
opinion  on  this  subject  than  might  have  been  anticipated. 

From  an  analysis  of  the  statements  made,  the  following  points  appear  to 
be  the  most  certain  : — 

A.  The  waters  which  act  most  on  lead  are  : — 

(a)  The  purest  and  most  highly  oxygenated  ;  as  rain-water,  and  the  soft 
waters  of  lakes  and  upland  streams. 

(h)  Those  containing  organic  matter,  nitrites  and  nitrates ;  as  impure 
waters  contaminated  with  sewage,  &c. 

(c)  Those  containing  chloridefe  ;  these  salts  having  the  power  of  dissolv- 
ing the  protecting  coat  of  carbonate  that  may  have  been  formed. 

(d)  Tliose  containing  a  free  acid  ;  as  soft  peaty  waters  derived  from 
i;pland  surfaces. 

Besides  the  portion  dissolved,  a  film  or  crust  is  often  formed,  especially 
at  the  lino  of  contact  of  water  and  air ;  this  crust  consists  usually  of  two 
parts  of  lead  carbonate  and  one  part  of  hydrated  oxide.  The  mud  of 
several  rivers,  even  the  Thames,  will  corrode  lead,  probably  from  the  organic 
matter  it  contains,  but  it  does  not  necessarily  follow  tliat  nny  lead  has  been 
diss  )lved  in  the  water.    Bits  of  mortar  will  also  corrode  lead. 

B.  The  waters  which  act  least  on  lead  arc  : — 

(a)  Those  that  are  rich  in  eartliy  salts— that  is,  hard  waters,  such  as  arc 
derived  from  deep  wells,  &c.  Carl)onatcs,  phosi)hatcs,  and  sulphates,  all 
have  a  protecting  influence,  especially  carbonates,  and  most  especially  car- 
bonate of  lime.    According  to  Lissaucr,  the  presence  of  5  "8  parts  per 
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100,000  of  CaCOg  renders  a  water  safe.  But  when  sulphates  are  in  excess, 
they  increase  the  solvent  action  of  the  water.      _  .„,f;^p  i-nfluence 

%)  The  presence  of  free  eaAonie  ^^^^^J^^  ',"»Sec 


the  extent  of  halt  a  grain  per  gaiiun,  uaa    i^^" ■'^7^' "  '  markedly 

lpn,1  c,iiiPate  hein'^  formed.  But  although  most  waters  that  act  marKecuj 
on  kad  col^^^^  Bihca,  the  degree  of  their  activity  does  no  appear 

^roptlonal  to  the'  scarcity  of  sihca  present,  and  some  such  waters  {e.g., 

phosphate,  ind  sulphate  of  lead,  calcium  and  magnesium,  if  the  ^^ater  have 
contained  these  salts^^  ^^^^^  ^^^^^  ^  1 

vent  acLfof  "he  water  upon  lead  pipes,  irrespective  of  the  composition  of 
(TNewlead'i^ip-  always  give  up  more  lead  than  old  one. 

tiSrsort^S 

"^'S  Temperature :  hot-water  pipes  yield  more  lead  than  cold-water 
""^"(d)  Pressure :  increased  pressure  (up  to  140  Ihs.  on  the  square  inch) 
'"Tthi?t\etrLv  yea's  numerous  extensive  outbreaks  of  lead  poison- 

These  supplies  have  jj''^.^,  • ''^^^^^^   ^^i^ortly  following,  periods  of 

outbreaks  have  occurred  either  duung,  o    s  lortiy  i  1 
drought.    The  one  circumstance  oommo    to       t  e  cas^^^^^^^^^^^^  ^^^^^^^^ 

been  the  presence  of  a  free  acid  u  ^J;^^^;^" .  ,,,ters  upon  lead. 

He  found  that  the  aissoivin^  iju>>  i    1        .        -  ^  removed 

water;  that  filt-tix-n  through  ctood  ^.^^^^^ 
both  its  activity  and  its  acidity,  and  tJi;^*^  '  ^^'^'j;    ^  jj^^,^  ^1^^.  acid  to  be 

^  " 


or 

pipes  ag 
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increases  the  risk  of  solution.  Zinc  pipes,  into  tlie  composition  of  which 
lead  often  enters,  yield  lead  in  large  quantities  to  water,  and  this  has  been 
especially  the  case  with  the  distilled  water  on  board  ships. 

Amount  of  Dissolved  Lead  tvJdch  ivill  prod.uce  Symptoms  of  Poisoning. — 
Angus  Smith  refers  to  cases  of  lead  paralysis  in  which  as  little  as  xJo^th  of 
a  grain  per  gallon  was  in  the  water :  he  states  that  ^^j-th  of  a  grain  per 
gallon  may  affect  some  persons,  while  of  a  grain  may  be  required  for 

others.    Adams  also  speaks  of  t^o^^^  of  a  grain  causing  poisoning. 

Calvert  found  that  water  which  had  been  decidedly  injurious  in 
Manchester  contained  from  y'^th  to  ^ths  of  a  grain  per  gallon. 

In  the  celebrated  case  of  the  poisoning  of  Louis  Philippe's  family  at 
Claremont,  the  amount  of  lead  was  ^-^th?:  of  a  grain  per  gallon ;  this  quantity 
affected  34  per  cent,  of  those  who  drank  the  water. 

On  the  whole,  it  seems  probable  that  any  quantity  over  -^th  of  a  grain 
per  gallon  (  =  0'07  per  100,000)  should  be  considered  dangerous,  and  that 
some  persons  may  even  be  affected  by  less  quantities. 

The  means  that  have  been  proposed  to  prevent  injurious  eifects  from  lead 
gaining  access  to  the  system  through  the  medium  of  drinking  water  are  :— 
(1)  to  treat  the  water  before  it  enters  the  pipes,  so  as  to  prevent  its  being 
capable  of  acting  on  the  metal,  should  it  come  in  contact  with  it ;  and  (2)  to 
use  for .  distributing  the  Avater,  pipes  which  will  not  allow  of  the  water 
coming  in  contact  with  the  lead.  Thus,  if  the  free  acid  present  is  neutralised 
by  the  addition  of  lime  to  tlie  water,  its  solvent  action  on  lead  pipes  is 
avoided.  This  has  been  found  effectual  in  the  case  of  the  Sheffield  water, 
which  contains  a  free  acid.  It  is  the  safest  method  of  dealing  with  such 
waters  as  are  known  to  take  up  lead  readily.  The  alternative  plan  is  to 
use  pipes  that  do  not  yield  lead  to  water,  such  as  cast  or  wrought  iron  pipes, 
and  if  possible  they  may  be  glazed  internally.  Leaden  pipes  lined  Avith  tin 
are  very  liable  to  fracture  of  the  lining  metal  when  the  pipe  is  bent,  and  the 
water  being  exposed  to  both  metals,  galvanic  action  is  set  up,  when  the  lead, 
as  being  the  more  oxidisable  metal,  is  dissolved.  Block  tin  pipes  are  very 
expensive,  and  have  the  further  disadvantage  of  being  eaten  through, 
apparently  in  consequence  of  the  presence  of  nitrates  in  the  water.  Lead 
alloyed  with  3  per  cent,  of  tin  was  formerly  believed  not  to  yield  lead  to 
water,  but  later  evidence  shows  this  is  not  the  case  if  free  carbonic  acid  is 
jiresent  in  the  water.  On  the  whole,  good  iron  pipes  appear  to  be  the  safest. 
Filtration  through  sand,  charcoal,  or  spongy  iron  will  remove  lead  from  water. 

Sources  of  Impiirity  in  Drinking  Waters. — The  geological  formation  of 
a  district  necessarily  influences  the  coinposition  of  the  water  running  through 
it,  though  it  is  impossible  to  tell  with  absolute  certainty  what  the  con- 
stituents of  the  water  may  be.  Formations  vary  greatly,  and  the  broad 
features  laid  down  by  geologists  do  not  always  suffice  for  our  purpose.  In 
tlie  middle  of  a  sandy  district,  yielding  usually  a  soft  water,  a  hard  selenitic 
water  may  be  found ;  and,  instead  of  the  pure  calcium  carbonate  water,  a 
chalk  well  may  yield  a  water  hard  from  calcium  sulphate  and  iron.  Still  it 
may  be  useful  to  give  a  short  summary  of  the  best-known  facts. 

Water  from  springs  in  Granite  and  Gneiss  is  very  pure  and  of  most 
excellent  quality  for  drinking,  cooking,  and  all  domestic  purposes  :  the  total 
solitl  constituents  of  these  waters  vary  from  1"4  to  9  parts  per  100,000;  the 
hardness  is  usually  very  trifling ;  the  organic  matter  is  in  very  small 
amount.  The  water  is  bright,  clear,  and  palatable,  and  has  nearly  a  uniform 
tem})erature  throughout  the  year. 

The  Silurian  rocks,  consisting  of  shales,  slate,  sandstones,  &c.,  contain 
more  soluble  matter  tlian  is  met  with  in  Granite  or  Gneiss,  and  consequently 
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aXtol  for  cfvinldng,  cooking,        ^^^f^^^^        M  Sand^ton.,  is 
'Watotom  n>n"Ss  of  total  solids 

^^'^"t:\tt::t^^O^^'  T^c  oi^irmatto,-  is  in  very  s^U 
present  is    8  i  .uts    e        ,  ^^^^^^^^^^ 

r  r  ssreto-  rrLr  ^>etXsi°™,.ies  — „ , 

,vholesime.    TI.ey  oontam  ""'y  '^f'^/j^^XCol 
hard.    Some  of  these  wateK  ™  «r w  "  ons^s^  of  mineral  matter, 
matters  in  solution,  nearly  the  ^vhole  °'  ™"  composition  of  these 

Water  from  Hard  Oohte  ,s  T"'        fa^^^^^^^^^^^  are  hard,  it  is 

roeks  consists  of  earbonate  of  ^"^^Z^^^^'^'^t.^t^,  „,  „s  a  suMen-anean 
f^J^,::^^::^  ani^r^e'SUer.  the  Oolite  roe,,  are  e,nal, 

"  -tSS^Ih*  cSSeons  X^^dS '^e^^^rVS: 

Lo,ver  Greensands,  is  pure  and  '»  «  J  '^Us  of  softening.  Water 
limits,  but  it  is  usuaUy  a  very  l  ard  'Vater  but  aam  „       ^^  .^^ 

from  the  Chalk  is  very        'l'"8  " j'^^^^^^  30°pa?ts  per'lOCOOO, 

of  ^^Bzr^S^^^s:^' 

t:rSeir"AnTr;:-ss  o?hU^     S-tl.  temporary  kind,  and  ean 


be  easily  renaoved  \y  ^J)^^'^,^', /^g^^^^^^^^^  ^ield  water  of  very  variable  quality, 
Springs  m  the  13rif   ^ud  Gravei  j  le  ^^^^^^      ^^^^  ^^^^^ 

owing  to  the  varying  character         f     ^^^^  -^^  ^.i^.^ion  a  large  proportion 

through  alLu'ir^^^^^^  contains  only  a  small  anrount 

of  organic  constituents  althougl  .       Li„,estone  dilfers  from  the 

of  organic  '-^ter  Wa  e^^^  The 
Chalk  waters  m  containing  a  U  o        i  calcium  and  magnesium, 

salts  present  are  cWc^y  ^^^^^^^^^^^^^^^^^  permanently  hard  to  be  a 

The  water  is  organically  very  pure,  but  i 

wholesome  drinking -water.  K^i.^ynun  and  Gravel  soils  are  generally 

Water  from  shallow  Li,,te,  magnesium  sulphate,  sodium 

impure,  with  calcunn  carbonate  ^^'^^^  '^f^en  much  organic  matter, 
chloride,  and  carhonate,  ' /^^^^'j^i, "  \.,piaiy  into  nitrites,  and  if  the 
Occasionally,  the  organic  nii^tte   oxu  ue.  j  ^^^^^^  ^^^^ 

amount  of  sodium  ^^^'^^  ^^l,  Tl^  amount  of  solids  per  100,000 
liad  been  contaminated  witli  seA\ao'-. 

viunes  from  30  to  170  parts  ^^^,'^^^01:^  yiehl  a  bright  and  palatable 
Wells  sunk  in  dravcl        ^^^^^.^'^uief  of  supply  being  from 

water,  but  are  S^f  ^"'^"i  l^^^ltis  ^^""l^^"^'  and  wasbing  purposes. 

«ewers  and  cesspools.  ^  \c  vate  is  unlit^^^^^^^^^^  .  ^  .oniposition  often  very 
AH  surface  and  subsoil  ^^atc^  -u  o  vuy  ^^^^    ^^^^^^^^  ^^^^^ 

;;Svr;i^:r^  W  Sniic  supply  a  pure  water,  which 
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may,  however,  be  sometimes  slightly  coloured  with  vegetable  matter. 
Cultivated  lands,  with  rich  manured  soils,  give  a  water  containing  both 
organic  matter  and  salts  in  large  quantity.  Some  soils  contain  potassium, 
sodium,  and  magnesium  nitrates,  and  yield  these  salts  in  large  quantity  to 
water.  In  towns  and  among  the  habitations  of  men,  the  surface  water  and 
the  shallow-well  Avater  often  contain  large  quantities  of  calcium  and  sodium 
nitrites,  nitrates,  sulphates,  phosphates,  and  chlorides.  The  nitrates  in  this 
case  probably  arise  from  ammonia,  ammonium  nitrate  being  first  formed, 
Avhicli  dissolves  large  quantities  of  lime.  Organic  matter  generally  exists  in 
large  amount,  and  sloAvly  oxidises,  forming  ammonia  and  nitric  acid.  In 
some  cases  butyric  acid,  which  unites  with  lime,  is  also  formed. 

Marsh  water  always  contains  a  large  amount  of  vegetable  organic  matter  ; 
it  is  not  unusual  to  find  of  volatile  solids  from  17  to  57  parts  per  100,000, 
and  in  some  cases  even  more.  Suspended  organic  matter  is  also  common. 
The  salts  are  variable.  A  little  calcium  and  sodium  in  combination  with 
carbonic  and  sulphuric  acids  and  chlorine  are  the  most  usual.  Of  course,  if 
the  marsh  is  a  salt  one,  the  mineral  constituents  of  sea-water  are  present  in 
varying  proportions. 

Water  taken  from  wells  sunk  in  the  vicinity  of  cemeteries  contains 
ammonium  and  calcium  nitrites  and  nitrates,  and  sometimes  fatty  acids,  and 
much  organic  matter.  Lefort  found  a  well  of  Avater  at  St  Didier,  more 
than  330  feet  from  a  cemetery,  to  be  largely  contaminated  Avith  ammoniacal 
salts  and  an  organic  matter  Avhich  Avas  left  on  evaporation.  The  Avater  Avas 
clear  at  first,  but  had  a  vapid  taste,  and  speedily  became  putrid.  The  Avater 
from  old  givaveyards  (disused)  may  shoAv  less  organic  matter,  but  it  Avill 
contain  large  quantities  of  .nitrates,  chlorides,  &c. 

The  Avater  derived  from  deep  Artesian  Avells  is  usually  of  excellent  quality 
and  contains  only  a  very  minute  quantity  of  organic  matter.  In  some  cases, 
hoAvever,  the  Avater  is  so  highly  charged  Avith  salin^  matter  as  to  be  un- 
drinkable;  the  Avater  of  the  Artesian  Avell  at  Grenelle  contains  sufficient 
sodium  and  potassiimi  carbonates  to  make  it  alkaline ;  there  is  also  present 
in  it  a  considerable  amount  of  free  ammonia.  When  not  very  hard,  these 
Avaters  are  of  good  quality,  clear  and  colourless,  and,  OAving  to  the  depth  of 
the  Avell,  are  usually  of  a  uniform  temperature  throughout  the  year.  The 
Avater  is  not  Avell  aerated,  and  therefore  not  so  palatable  as  spring  Avater, 
Some  Artesian  Avell  Avaters  are  Avarm ;  these  are  generally  used  for  medicinal 
l)Urposes.  Others,  again,  contain  iron  or  are  aperient ;  these  are  unfitted  for 
ordinary  drinking  purposes.  The  Artesian  avcUs  in  London  are  alkaline 
from  tlie  presence  of  bicarbonate  of  sodium,  and  hence  are  very  soft. 

Water  from  Avells  near  the  sea  frequently  contains  so  much  saline 
matter  as  to  taste  quite  brackish,  although  the  organic  matter  may  not  be 
very  large.  In  some  samples  from  Shoeburyness  (analysed  at  Netley)  the 
total  solids  ranged  from  148  to  312  parts  per  100,000,  the  cldorides  being 
from  31  to  93  :  mean  of  six  sam])les — 236  total  solids  and  50  of  chlorides. 
In  one  sam])le,  hoAvever,  the  albuminoid  ammonia  Avas  only  0-007  per 
100,000,  and  in  five  tlie  oxygen  required  for  organic  matter  Avas  under 
0'075  ])er  100,000.  Samples  from  Avells  at  Gibraltar  yield  in  some  cases 
large  quantities  of  solids;  in  one  instance  as  much  as  338  parts  of  total 
solids  and  244  of  chlorides  in  100,000.  At  Landguard  Fort,  Avater  from  a 
boring  150  feet  deep  yielded  more  tlian  700  parts  of  solids  and  540  parts  of 
chlorides. 

Kain-Avater  may  be  contaminated  by  Avasliiiig  tlie  air  it  falls  tbrougli, 
but  more  by  matters  on  the  surface  on  Avhich  it  falls,  such  as  deciiying 
leaves,  bird  droppings,  soot,  or  otlicr  matters  on  tlio  roofs  of  houses;  it  also 
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'^*£purities  added  during  Transit  from  Source  to  E~^^^^^ 
and  the  leaves  and  bm.ohes  of  *''J',,^°''tf     "ddition  the 

of  ,srs;sr:.,K: r  ;rd  .to ... 
-''x,l:t;'uXf:^f divided  >  trjii 

sioners  iuto  "sewage"  and  .  /;"„'^f\rfa^^^^^^^  impurities 

solid  and  '^^'^-^^^^^rf^'L.  is  plleed  aU 

tio.rr:Lll,  elassed  ^'f^^^^^'l^:^  ^^^'^ 
matter,"  as  f/^;"™^^^  hal  proposed  to 

oi-game  matter  is  r™"'  i^fnitroien  (or«anic  nitrogen),  tat  this  view 
express  its  amount  m  terms  of  its  nitro  eu  ^n  =  „f  estimating  the 

is  not  yet  genera Uy  reeeived,  on  "^;°^„*''^^^^^^^  ^„tter  undergoes 
very  smaU  quantity  of  "f„7™;^^T^;^'^Sf  °S  nitrous  and  nitrie  acids, 
gradual  t»"f/"™t   C^itSeTdSTpearand  in  some  cases  the  nitrates 

then  s^™,^^  ^s^t^ 

is  probably  owing      ' 'V""         f  ^„f ^^^^^  sometimes  gives 

%„i  g  its  flow  in  j'^^'t^zss:  mS!r 

sideuee,  by  he  ac^^^^^^^^^   *°  present  \.  the  water,  by  exposure  to  diree 
organisms,  should  tncse  oe  i  ^  remembered 

s.mlight.  and  by  the  interior  of  the,  luuuau 

f^i^'^r^t^'^lr^^^to  rivers,  they  are  in  an  unnatura 
body :  ^vheu  they  V^^'  ''^^      .  their  existence  and  power  of 

and  tend  rapidly  to  disappear  nnder  the 

con,Utions  found  mord^^^^^^^  ^^^^^^^^^^^^  i,,^  the 

Impurities  of  Storage    x  .^^  ^^^^^^^^^^     ^^^^^  „t. 

water  of  Avells  and  ^anl^',  and  e^  en  aiul  leakages 

Surface  washings  J  J^^^^^^^^^^^^^^^^  or  direct  absorption  of  air  by 

from  pipes,  passage  of  ^roducl  impurities  into  cisterns.    It  is 

an  uncovered  surface  ^^^^^^^     tank  waters  get  foul,  and  what  care 

singular  in  how  -^^^ ^^^^^ ^^-^^  safe^conditions  at  first,  but 
is  necessary  not  only  to  1  ^'^^^^  ^^^^  ^  ^  contamination  of  the  water.  In 
to  examine  it  from  time  to  Jo  «  contaminated  by  clothes  washed 
India,  especially,  t^^^  tank  wate   is  excrement  directly 
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village  tank  is  one  of  the  chief  causes  of  the  sickness  of  the  people.  There 
is,  perhaps,  no  point  on  which  the  attention  of  the  sanitary  officer  shonld 
he  more  constantly  fixed  than  that  of  the  storage  of  water,  either  on  the 
large  or  small  scale. 

Impurities  of  Distribution. — If  water  is  distrihuted  by  hand,  i.e.,  by 
water-carts,  barrels,  or  skins,  there  is  necessarily  a  great  chance  of  its  being 
fonled.  In  India,  Avliere  the  water  is  generally  carried  by  water-carriers 
(Bhisties),  inspection  of  the  carts  or  skins  should  be  systematically  made, 
and  whenever  it  be  possible,  pipes  should  be  substituted  for  the  rude  method 
of  hand  conveyance.  But  even  pipes  may  contaminate  water;  metals 
(lead,  zinc,  and  iron)  may  be  partly  dissolved ;  wood  rots,  and  if  the  pipes 
are  occasionally  empty,  impure  air  may  be  drawn  into  them,  and  be  after- 
wards absorbed  by  the  water.  Buchanan,  in  his  Report  on  an  Outbreak  of 
Fever  at  Caius  College,  Cambridge,  showed  that  this  was  due  to  foul  trap- 
water  sucked  in  from  the  closets.  In  towns  supplied  on  the  constant 
system,  when  the  pipes  are  becoming  empty  the  flow  of  water  from  a  tap 
has  drawn  dirty  water  or  air  through  a  pipe  at  some  distance,  and  in  this 
way  even  the  water  of  the  mains  has  been  fouled. 

Coal  gas  passing  into  the  ground  from  leaking  of  gas  pipes  sometimes 
finds  its  way  into  wells,  or  even  into  water  pipes.  In  Berlin,  in  1864,  out 
of  940  public  wells,  39  were  contaminated  by  admixture  with  coal  gas.  A 
good  instance  is  related  by  Harvey,  where  the  main  pipes  were  often 
empty  and  gas  penetrated  into  them.  Having  regard  to  the  cases  in  which 
gases  from  the  soil  (from  leaking  gas  pipes,  sewers,  &c.)  find  their  way  into 
Avater  pipes,  it  would  seem  important  not  to  lay  down  water  pipes  near 
any  other,  or,  what  is  better,  have  all  pipes  in  subAvays  Avhere  they  can  be 
inspected. 

EFFECTS  OF  AN  INSUFFICIENT  OR  IMPURE  SUPPLY  OF 

WATER. 

Insufficient  Supply. — The  consequences  either  of  a  short  supply  of  Avater 
for  domestic  purposes,  or  of  difficulty  in  removing  Avater  Avhich  has  been 
used,  are  very  similar.  The  Avant  of  Avater  leads  to  impurities  of  all  kinds  : 
the  person  and  clothes  are  not  Avashed,  or  are  Avashed  repeatedly  in  the  same 
Avater ;  cooking  Avater  is  used  scantily,  or  more  than  once ;  habitations 
become  dirty,  streets  are  not  cleaned,  seAvers  become  clogged ;  and  in  these 
various  Avays  a  Avant  of  Avater  produces  uncleanliness  of  the  very  air  itself. 

The  result  of  such  a  state  of  things  is  a  general  loAvered  state  of  health 
among  the  population ;  it  has  been  thought  also  that  some  skin  diseases — 
scabies,  and  the  epiphytic  affections  especially— and  ophthalmia  in  some 
cases,  are  thus  propagated.  It  also  appears  likely  tliat  the  remarkable 
cessation  of  spotted  typhus  among  the  civilised  and  cleanly  nations  is  in 
part  OAving,  not  merely  to  better  ventilation,  but  to  more  frequent  and 
thorough  Avashing  of  clothes. 

The  deficiency  of  Avater  leading  to  insufficient  cleansing  of  seAvers  has  a 
great  effect  on  tlie  spread  of  enteric  fever  and  of  choleraic  diarrhoea ;  and 
cases  have  been  knoAvn  in  Avhich  outbreaks  of  the  latter  disease  have  been 
arrested  by  a  heavy  fall  of  rain. 

Little  is  knoAvn  Avith  certainty  of  the  effects  produced  on  men  by 
deficiency  in  the  supply  of  Avater.  Under  ordinary  circumstances,  the  sen- 
sation of  thirst,  the  most  delicate  and  imperative  of  all  our  feelings,  never 
permits  any  great  deficiency  for  a  long  time,  and  the  Avater-removing  organs 
eliminate  Avith  wonderful  rapidity  any  excess  that  may  be  taken,  so  as  to 


30  WATER. 

keep  the  amount  iu  the  body  withui  certam  Ihuits.  But  when  circum- 
stances prevent  the  supply  of  water,  i  is  well  known  that  JJ^^^^ 
flrink  becomes  so  areat,  that  men  will  run  any  danger,  oi  undergo  any 
mfinoZ  to  satisfy  it.    The  exact  bodily  condition  thus  produced  is 

rm^ciselY  known,  but  from  experiments  on  animals  and  men,  it  would 
appeS  ttiat"^  a  Ls  ned  amount  of  water  in  the  body  diminishes  the 
eEmtion  of  the  pulmonary  carbonic  acid,  the  intestinal  excreta,  and 
ill  t.hp  iiuDortant  urinary  constituents.  .    i  j. 

The  Z^e  obvious  effects  produced  on  men  who  are  deprived  for  some 
time  of  water  is,  besides  the  feeUng  of  the  most  painful  thirst,  a  great 

rerh  o-  of  mus  ular  strength  and  mental  vigour.  After  a  tmie  exertion 
beIoZ°almo  t  impossible,  and  it  is  wonderful  to  see  what  an  extraordinary 

becomes  almost  11  ,         ^    j     j  ,,,.iter  can  be  then  pro- 

tT  Tl^t^Sy  -tr— ,  then,  a  matter  of  the  most  urgent 
TceLty  when  men  are  undergoing  great  muscular  efforts,  ^^^J^^^ 
hnportant  that  the  supply  should  be  by  --11  ^l^^^itieB  o  a^^er  bemg 
£  n„  f.,i-o„  '111(1  not  bv  a  large  amount  at  any  one  time.  ±iie 
^XuS  S'^a^e^^ly is  b^ed  on  a  misapprehension:  a  little 

"^tk:c\Vofir:p^^^^^^^  -ny  cases,  very  little  careful  inquiry 

has  been  made  into  the  state  of  health  of  those  using  the  wa  er,  and 
that  most  fallacious  of   all  evidence,  a  general  impression,  without  a 

opinion  1-^--^-;,^  J  ct  to  find  t^e  effect  of  impure  water 
philosophical  I^^P°;^^'  ;  '^74  results  are  indeed  often  gradual,  and  may 
a  ways  suddeii  aird  viol^^i^^^  lesuit  ^^^^  ^^^^  ^^^^  ^^^^  appreciable  by  a 
e  ude  ordinary  ohse.y^t^on,  yet  ^^^^^  ^.^^^^^^  ^^^^^^  ^^.^ 

close  inquiry  I" .  Su  f^Vm  Ts  arrested  :  the  minor  and  more  insidious, 
produced  that  piib he  attention  ^^  -^^^^  ^  ^^^^  indifference  and  apathy  of 
but  not  less  certain,  e^v  Is  ^^^^^^^^  hnprobable  that  the  use  of  the 
custom.  In  foni^  c  ses  .t  is  b  no  i^  .  ^^^^^^^1  ^^^^  ^^^^^^  ^^^^^^^  ^^^^.^^^^^ 
nupure  water,  which  IS  si  njose  I  purification  in  some  way. 

or  that  experience  has  shown  tl|e  ^ecessi^t        1      ^  ^^^^.^^^^ 

This  much  seems  °  ^^^^^  7',,'^'orthe  nquiry  and^he  accuracy  of  the 
indeed,  in  P^'^P^^'^  °^,,^\"iXieasin"  class  of  cases  is  found  to  be  connected 
examination,  %«o^^tinually  meieasm  ,easonable  to  infer  that  a 

^nl^ln^l^^nCuii  prove  th/frequency  and  importance 

of  this  mode  of  origin  f  ^^jjl^f  3e,,,ics  are  usually  spread  by  drinking 
Recent  observationBshmv^^^^^  ^^.^    J  ^^i  ^j^^ 

water  infected  by  ^^If^.^^^,  /^J^^^^  ,vith  particular  diseases,  in  the 
discovery  of  the  actua  bac^^^^^^  ^^^^^ 

water,  and  further,  tl^at  these  lo  l  ^  ^^^^^^-^  ^^^.^^       the  two 

S:^sS ^  whSi  the  proof  of  origin  from  polluted 

the  ^o^^^r^^^^  iequLd  to  be  introduced 

ply  m  water  and     «  f^PP  Qn  these  points,  as  yet,  we  have  no 

to  set  up  disease  i    t^^^^  ^,,,,aing^to  the  evidence  given 

Z  S:;Hh  jX^i '^S^l^aL^  i  enteric  fever  baciUi  and  the 
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comma  bacilli  of  cholera,  and  the  latter  is  more  readily  destroyed  hy  sapro- 
phytic bacteria  than  the  former.  This  report  states  that  it  is  the  generally 
received  opinion  of  experts  that  the  pathogenic  organisms  and  the  ordinary 
river  bacteria,  to  which  the  decomposition  of  organic  matter  is  due,  are 
naturally  antagonistic  :  and  that  these  later  undoubtedly  exert  an  influence 
in  diminishing^the  vitality  of  the  typhoid  bacillus,  either  actually  consuming 
it,  or,  as  is  more  probable,  giving  rise  to  products  that  interfere  with  its 
growth. 

Exposure  to  direct  sunlight  destroys  these  Imcteria,  while  even  such 
diffused  daylight  as  is  present  in  this  country  injuriously  affects  their 
vitaHty :  the  influence  this  can  exert  largely  depends  on  the  deptli  of  the 
water  and  whether  turbid  or  otherwise. 

The  influence  that  the  dissolved  oxygen  in  water  has  upon  bacteria  is 
uncertain :  it  certainly  destroys  the  organic  matter  present  in  the  water, 
but  probably  its  action  is  limited  to  certain  kinds  of  organic  impurity,  and 
indirectly  it  reduces  the  number  of  micro-organisms  by  limiting  the  supply 
of  nutriment  available  for  their  gi'owtli. 

The  most  practical  way  of  stating  the  facts  connected  with  the  pro- 
duction of  disease  by  water  will  be  to  enumerate  the  diseases  which  have 
been  traced  to  the  use  of  impure  water,  and  to  state  the  nature  of  the 
impurities. 

Cholera, — This  disease  is  endemic  in  India,  in  the  delta  of  the  Ganges. 
In  other  parts  of  the  world  it  only  occasionally  appears,  but  no  place  is  safe 
from  its  ravages,  as  it  does  not  seem  to  be  limited  in  its  spread  by  either 
climate  or  geographical  position.  There  is  ample  evidence  to  show  that 
water  plays  a  most  important  part  in  its  diff'usion,  and  to  Snow  must 
certainly  be  attributed  the  very  great  merit  of  discovering  this  most 
important  fact. 

In  1849,  in  investigating  some  circumscribed  outbreaks  of  cholera  in 
Horsleydown,  Wandsworth,  and  other  places.  Snow  came  to  the  conclusion 
that  in  these  instances  the  disease  arose  from  cholera  evacuations  finding 
their  way  into  the  drinking  water.  In  1854  occurred  the  celebrated 
instance  of  the  Broad  Street  pump  in  London,  Avhich  was  investigated  by 
a  committee,  whose  report  contains  the  most  convincing  evidence  that,  in 
that  instance,  the  poison  of  cholera  found  its  way  into  the  body  through 
drinking  water. 

In  1865  occurred  the  important  outbreak  at  Newcastle-on-Tyne,  when 
all  the  circumstances  pointed  very  strongly  to  the  influence  of  the  impure 
Tyne  water.  In  1865  also  was  the  remarkable  and  undoidjted  case  of 
water-poisoning  at  Theydon  Bois,  recorded  by  Eadcliffe,  and  in  the  following 
year  the  violent  outbreak  in  the  east  of  London  was  shown  to  be  connected 
with  the  circulation  of  impure  water  by  the  East  London  Water  Works 
C(mipauy.  The  Company  distrilnited  foul  and  unfiltered  water,  excessively 
polluted  with  sewage  from  their  uncovered  reservoir  at  Old  Ford,  and 
whicli,  in  Radclilfe's  opinion,  was  specifically  contaminated  Avitli  the 
excrement  of  the  first  two  patients  who  died  in  that  year  of  cliolera  in  the 
east  di.strict  of  London.  The  district  supplied  with  water  from  this  source 
was  the  sole  area  of  intense  choksra  in  London  ;  the  disease  limiting  itself 
"almost  exactly  to  the  area  of  tliis  particular  water-supply,  nearly,  if  not 
absolutely,  filling  it,  and  scarcely  at  all  reaching  beyond  it." 

In  fiu'ther  confirmation  <jf  tlie  view  that  water  is  a  fertile  agent  in  spread- 
ing the  disease,  the  following  instances  may  be  adduced. 

The  epidemic  of  cholera  in  Hamburg  in  1892  was  a  remarkable  instance 
in  which   this  disease  may  be   spread   through  the  agency  of  water. 
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"Hmiburc^   Altona,  and  Waudsbeclc  are  three  towns  wliicli  adjoin  each 
otS'^-eCfonn  a  single  — nty ;  they  do  not  differ  except  :n  so 
far  as  each  has  a  separate  and  different  kuid  of  water-supply.    M ^ndM 
obtXrhlteied  water  from  a  lake,  Hamburg  until  recently  obtanred  it 
w  vtrin  an  unfi^         condition  from  the  Elbe  just  above  the  town,  and 
It^oblains  filtered  water  from  the  Elbe  ^^f^^^^'^^^.^^ 
Hambur-  was  visited  with  a  severe  epidemic  of  cholera  Wands  beck  and 
I  tona  ff  one  excepts  the  cases  brought  thither  from  Hayibm^,  were  nearly 
au  tTfl-ee  f  om  the  disease.    On  both  sides  of  the  boundary  the  conditions 
S  soil  buildings,  sewerage,  poimlation,  ^^^^yl^f/i^^^Z::Z^ 
qime  and  vet  the  cholera  in  Hamburg  went  right  up  to  the  boumlaij  oi 
IZrl/there  stopped."    In  this  lai^e  ^o^  on^^  oi^ 
hnnnd'irv  nearlv  all  the  factors  were  the  same  except  the  \\atei  suppij. 
S  o  ilSi  suppUed^^^      the  unfiltered  water  from  the  Elbe  sneered 
seveiJB?y  from  choleia,  while  the  population  supphed  with  carefully  filtered 

f.n^;  1-1  e  Reiiort  of  the  First  Conference  of  Caucasian  Physicians :—'  One 
ofTntibe  'ofpe^^^  fleeing  in  panic  from  the  infected  gmj-iv- 

LX(Baku  and  others)  and  passing  through  this  district,  died  of  cholem 
tot^  the  night's  halt  close  to  the  viUage  of  Dashkesaw.    His  companion 
thSkinXt  if  the  local  authorities  knew  of  the  cause  of   heir  comrades 
dtth  C  vould  not  be  allowed  to  enter  Persia,  decided  to  throw  the 
death,  tney  woi  provided  the  whole  population  of 

Shkes'w  with  ctSng  water.  On  tL  following  day  cholera  broke  out 
S  tie  vma'e.  There  were  seventeen  deaths  from  cholera  on  the  first 
dav  of  tie  epidemic,  and  the  viUage  suffered  incomparably  more  severely 

niSr  S  iKajorlty  of  cas.  oc^rrcd 

;t"\he^^^^^^^^^^  stop  to  and  boHed  water  was  generaUy 

^''''^[^S:^£^TZL  in  1892  shows  that  it  was  by  means  of 
fJi  ?n  almost  eveiT  instance  that  cholera  was  spread ;  the  vast  rivers 
water  in  ^^"^^^^^^^^  and  upon  which  the  inhabitants  largely  rely  for 

t^^^&^^^^^-y-^^^  '''^ 

-^^=g  the  -ts^eof  mai.  of  tl~^  ^^as  the  Volg.  the 

information  on  this 

point  is,  however  extremel^^  ^^^^^^^      ^^^.^^^  ^^^^  ^^^^^^^.^ 

•^'TJ  be' c  rrtefly  watS  and  yet  maintain  its  activity;  he  shows 
&  ie  'rthe  iifcc'tion  must  have  been  taken  6^  miles  and  possibly 
i        ii  „v  vJllifto  13  miles  lower  down  the  river. 

India  fumifeiics  ™^  ,  gp^ead  among  the  vast  crowd 

1867  the  apiicarance  of  « l"!"'  -J'^  j^^^J^j,,,,  ,,,,  I  ease  of  water- 

of  pilgi-ims  ^^^J^^^f''^!  f^?9  a  Smilar  outbreak  occurred,  and 
^^'^'^''S^o^^^.W.nA  to  Russia.    A  remarkable  case  occurred 

again  in  If  2.  f^o"^j;;^^^f'  ^279  prisoners  there  were  24  cases  of  cho  era  in 
at  Yerrauch  jail     Out  ot  i       1  ^^^^^^^^^  ^^^^^  ^^^^ 

IX^^'^'^^       '  ^"^"^^ '''''''  ' 
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employed.  It  was  shown  that  the  road-gang  alone  drank  of  water  from  the 
Mootla  River,  a  little  below  the  spot  where  the  clothes  of  two  cholera 
patients  from  the  village  had  been  washed  and  their  bodies  burned  a  few 
days  before.  The  rest  of  the  prisoners  drank  the  usual  water-supply  laid 
on  from  a  lake  near  Poonah.  In  the  two  cases  among  those  otherwise 
employed  direct  infection  was  undoubted  in  one,  as  he  attended  on  cholera 
patients,  and,  contrary  to  orders,  took  his  meals  in  the  cholera  ward,  and 
drank  water  that  had  been  standing  there ;  the  other  man  slept  near  one  of 
the  first  cases,  the  patient  vomiting  in  his  immediate  vicinity. 

If  we  look  at  the  remarkable  results  which  have  followed  on  the  supply 
of  pure  water  to  the  European  troops  Avho  are  quartered  at  Fort-William, 
Calcutta,  within  the  endemic  area  of  cholera,  the  evidence  is  even  stronger 
From  1826  to  1864  the  average  mortality  among  them  for  this  disease  was 
20  per  1000.  From  1863  to  the  present  time  it  has  been  1  per  1000.  In 
1863  Fort-William  was  for  the  first  time  supplied  with  pure  drinking  water, 
and  with  the  result  referred  to. 

Calcutta  showed  a  greatly  diminished  cholera  mortality  when  the  new 
water-supply  was  furnished  in  1870.  The  subsequent  increase  in  cholera 
was  due  to  the  scarcity  of  the  new  supply  necessitating  the  use  of  "tank" 
Avater. 

In  evidence  of  this  kind,  we  must  remember  that  each  successive  instance 
adds  more  and  more  weight  to  the  instances  previously  observed,  until,  from 
the  mere  accumulation  of  cases,  the  cogency  of  the  argument  becomes 
irresistible. 

The  evidence  derived  from  such  local  outbreaks  is  supported  by  that 
drawn  from  the  history  of  more  general  attacks,  in  which  districts  supplied 
with  impure  water  by  a  water  company  have  suflFered  greatly,  while  other 
districts  in  the  same  locaHty,  and  presenting  otherwise  the  same  conditions, 
were  supijlied  with  pure  water,  and  suffered  very  little.  Thus,  Sir  J.  Simon 
showed  that  in  the  district  supplied  in  1853,  part  by  the  Lambeth  Company 
with  a  pure  water,  and  part  by  the  Southwark  Company  with  an  impure 
water,  the  population  drinking  the  Lambeth  supply  furnished  370  cases  per 
100,000,  while  those  using  the  Southwark  Co.'s  water  furnished  1300 
cases  per  100,000;  all  other  circumstances  except  the  water-supply  being 
identical.  Schiefferdecker,  in  Kdnigsberg,  has  also  given  evidence  to  show 
the  different  extent  to  which  districts  in  the  same  city  supplied  with  pure 
and  impure  water  suffer. 

The  prevalence  of  cholera  in  Russia,  with  an  outdoor  temperature  below 
zero  of  Fahr.,  has  always  seemed  an  extraordinary  circumstance,  which  it 
appeared  only  possible  to  explain  by  supposing  that,  in  the  houses,  the  foul 
air  and  the  artificial  temperature  must  have  given  the  poison  its  necessary 
conditions  of  development.  But  Routh  has  pointed  out  that,  in  the  poorer 
Russian  houses,  everything  is  thrown  out  round  the  dwellings ;  then,  owing 
to  the  cold  and  tlie  expense  of  bringing  drinking  water  from  a  distance,  the 
inluibitaiits  content  themselves  with  taking  the  snow  near  their  houses  and 
melting  it.  It  is  thus  easy  to  conceive  that,  if  cholera  evacuations  are  thus 
tlirown  out,  they  may  be  again  taken  into  the  body.  This  is  all  the  more 
likely,  as  cholera  stools  have  little  smell  or  taste,  and  when  mixed  even  in 
large  quantity  with  water,  cannot  be  detected  by  the  senses. 

We  may  therefore  conclude  tliat  cholera  evacuations  which  obtain  access 
to  drinking  water  contaminate  it  and  render  it  immediately  capable  of 
producing  the  disease.  If  it  is  taken  into  the  mouth  and  swallowed,  the 
micro-organism  may  be  destroyed  by  the  acid  secretions  in  the  healthy 
stomach  during  the  process  of  food  digestion ;  but  if,  on  the  contrary,  this 
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does  not  take  plaee,  and       '^^^^/^t^  "''^^ 

to  be  present  in  the  dnnlang-water  tanks  3^',;'        destroyed  in  a 

choleil,  the  objection  that  this  baciUus  would  P^^J;^  water  lo^^^^ 
short  time  by  the  putrefactive  o^S"  l^^^l  S  Se t  o^e  'tl.e  infectious 

^^^l!^ejf  aen,  tha.  ch.erais  a^^  ^ 

o'n  the  place  or  time,  the  ^l^-^^^f^-^f 'Zeaser  Th onlitions  'are 
disposition  met  with  in  all  ."Jf  Xce  These  views  have  not 
essential  for  an  /F^e^i^  t^h  mse^rsta  Th^  contagionists  have 
borne  the  test  of  time.    As  he  has  discoverv  of  the  x, 

eUminated  the  y,  ^^-^^S^'frl'^oi^^^^^  th^  factor  z." 

and  seeing  in  the  individual  ^^^"f     J^^^f wLr  containing 
In  addition  to  the  production  of  ^^^^^^^'^  °f      ^..^e  water  of 

the  cholera  poison,  it  has  been  "  diice  the  disease.  If 

any  Idni  predisposes  to  ^^'l^'^l^^'^^ constant  tendency  to 
S^rr  ^rV^oSeleSL^  ol  the  body,  and  rendering  it  more 

chief  agents  in  the  f^'^^^^V^^^^S^^^^^  ^blrth  and  Gaffky. 

with  enteric  fever     ^  ^^  ^^^'^  of  propagating  this  disease  has  long  been 
That  water  may  be  ti  e  mea^^^^^^^^  ^,^^^,3 

admitted  by  those  who  have  ^        ^^^^^  gi^^^^n   and  Hirsch,  who 

borne  out  by  the  ^^^Xt  are 'so  certainly  proved 

consider  that  few  points  n  t^*;        V  drinking-water  or  by  food 

as  the  conveyance  of  the  moibui  po  y  ^^^^^^^^^ 

contaminated  ^^'lth  infected  watei     Many  ,,,ter-supply  long  before 

the  connection  between  this  ,,,,  recognised.    In  Mill- 

the  specific  o^e^Z^Z^^^^^y  --til  1854,  Uie  water-supply 
bank  Prison  f  i^eric  fevei  ple^  aiiea  c  >  ^^^^^^ 

Sfnt-sl  t:^z^p^<^-  ^-'"^ — ''''  " 

1872  and  no  case  at  all  ,  ^        ;„  Switzerland,  wliicll oeoun-cd 

.    ,t7\'"ThtS  t    0  flllSr^'^^^  who  drank  water  tan  a  ce^ain 

m  1872.    ine  cases  >vui  ,  a  brook  contami- 

spring.    On  the  other                    i^^f  brook  was  dammed  up  to 

nated  with  enteric       ''^ta :  when  th  s^  ^^^^^.^^ 

water  the  meadows  it  was  ^^/j^^f^^^  f  per  o^^  attacked  one  day, 
and  bad  tasting.    Sl^^^'^.  ^  ^  Jj^^r  Salt  was  put  into  the  Fiirler 

^i!jz;r::jz^  •  ^^-^^^ "  - 

direct  connection. 
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A  destructive  outbreak  took  place  at  Caterham  and  Redhill  during  1878 
This  was  traced  to  contamination  of  the  water-supply  by  the  stools  of  a 
workman  suffering  from  mild  enteric  fever,  who  was  employed  in  the 
Company's  weUs.  The  disease  was  confined  to  those  who  consumed  the 
water,  and  ceased  after  the  wells  were  pumped  out  and  cleansed.  The 
inmates  of  the  Lunatic  Asylum  and  the  detachment  of  troops  at  Caterham 
barracks  iised  the  water  from  the  asylum  well,  and  did  not  suffer. 

An  epidemic  occurred  at  New  Herrington,  Durham,  in  April  1889  :  275 
cases  were  reported  between  1st  April  and  7th  June,  when  the  epidemic 
may  be  said  to  have  ceased.  The  cause  was  traced  to  the  pollution  of  a 
deep  well  (330  feet)  by  the  overflow  from  a  tank  containing  farm  sewage, 
situated  three-quarters  of  a  mile  above  tliis  well.  The  overflow  escaped  and 
disappeared  down  a  fissure  in  the  ground,  which  entered  the  well  through  a 
crack  in  the  steining  45  feet  below  the  surface.  Two  tons  of  salt  were 
thrown  down  this  fissure,  and  the  chlorine  entering  the  well  through  the 
"feeder,"  rose  from  4  to  a  maximum  of  24  grains  per  gallon.  Specific 
contamination,  however,  of  the  farm-house  sewage  could  not  be  made  out, 
no  illness  resembling  enteric  fever  having  been  known  there  for  some 
years. 

One  of  the  most  remarkable  and  extensive  epidemics  of  enteric  fever 
was  that  which  prevailed  in  1890-91  in  the  Lower  Tees  Valley.  Enteric 
fever  attacks  occasioning  the  first  outburst  were  most  marked  during  a  six- 
weeks'  period,  7th  September  to  18th  October  1890  ;  that  occasioning  the 
second  outburst  during  a  six-weeks'  period,  28th  December  1890  to  7th 
February  1891. 

The  total  number  of  enteric  cases  in  the  ten  Registration  Districts, 
forming  the  area  under  consideration,  in  the  two  six-weeks|  periods  referred 
to,  were  1463.  Of  these  1334,  or  91  per  cent.,  occurred  in  three  out  of  the 
ten  districts,  namely,  those  of  Darlington,  Stockton,  and  Middlesbrough,  all 
of  which  were  supplied  with  water  taken  from  the  River  Tees.  The  esti- 
mated population  in  the  ten  Registration  Districts  receiving  their  supply  of 
water  from  the  River  Tees  amounted  to  219,435,  whereas  the  estimated 
population  receiving  their  water  from  other  sources  than  the  Tees  reached 
284,181.  Calculating  the  attack  rates  upon  these  figures,  it  was  found  that 
the  rate  of  attack  from  enteric  fever  per  10,000  hving  during  the  first  six- 
weeks'  epidemic  had  been  33  amongst  persons  supplied  Avith  the  Tees  water 
and  3  amongst  persons  supplied  with  other  water ;  whereas  in  the  second 
six-weeks'  epidemic  the  rates  were  28  and  1  respectively.  Above  the 
mtakes  of  the  water  company  the  Tees  receives  either  directly  or  indirectly 
tlie  drainage  of  twenty  villages  and  hamlets  as  well  as  that  of  the  town  of 
Barnard  Castle.  "  Seldom,  if  ever,  has  the  proof  of  the  relation  of  the  use 
of  a  water  so  befouled  to  the  wholesale  occurrence  of  enteric  fever  been 
more  obvious  and  patent "  (Tliorne  Thorne). 

Worthing  was  visited  witli  a  severe  outbreak  of  enteric  fever  in  1893. 
Between  3rd  May  and  30th  November  1315  attacks  are  known  to  liave 
occurred  in  the  borougli,  with  168  deaths.  After  the  first  three  weeks  tlie 
epidemic  abated  consideraljly,  only  to  recur  in  the  month  of  July  with  an 
outbreak  of  remarkable  intensity.  On  investigating  into  the  circumstances 
which  led  to  the  epidemic  of  this  disease,  it  was  shown  that  it  was  inti- 
mately related  in  point  of  time  to  the  admission  to  the  Worthing  Service 
Supply  of  water  from  a  new  source  of  supply,  undertaken  in  order  to  obtain 
an  increase  of  water  for  the  borough  ;  that  tlicroafter  the  disease  became 
general  tliroughout  the  areas  supplied  by  tliis  service,  and  that  witliin  the 
umits  of  these  areas  the  incidence  of  fever  was  almost  wholly  on  houses 
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supplied  with  this  water.  It  was  further  shown  that  not  only  was  thi^s  new 
source  of  supply  open  to  dangerous  contamination,  hut  that  also,  on  bac 
llZlilf  ZLltion,  suhciUtures  presented, 

culturally,  all  the  characters  of  the  enteric  fever  1^  fissure  corn- 
water  wi  contaminated  by  sewage  which  flowed  tj^^i^^fl^ 
municatincr  with  the  new  well ;  the  sewers  being  jointed  with  clay  ana 
pe~g  1^^^^^^^  into  the  soil.  It  was  also  -^ed  "re  was^^^^^^^^^^^ 
tive  immunity  from  enteric  fever  of  persons  who  ^^^^^uaUy  consumea 
water  from  loLl  wells;  and  that  there  was  heavy  ^^^^^^^l,^' i^^^^ 
on  those  who  used  the  water  delivered  by  the  Pubhc  beivice  buppiy. 
MnrpnvPT  the  Avatcr  was  not  filtered.  .  ,  .,, 

Expeiim^^^^^^^^  in  New  York  show  that  the  enteric  bacillus  survives 
in  r?XS  longer  during  the  cold  half  of  the  year  than  the  warn. 
nJInnvv  bacteria  in  the  water  were  found  to  decrease  from  10,500  m 
December  fsiV  er  cub^  centimetre  in  July.  Hence  water  purifies 
Self  most  rapidly  in  warm  weather,  and  enteric  outbreaks  are  usually  in 

'^''^hTspr'ead'of  the  disease  through  the  medium  of  milk  1^-  -o^v  been 
abundantly  Foved,  the  poison  having  gained  access  to  the  milk  no  doubt 

%udd"'wa?of  opinion  that  in  the  cases  in  which  the  poison  is  conveyed 
by  wlr,  infection  seems  to  be  much  more  certain  and  the  ^BC^ibf  on 
plri^d  materially  shortened,  but  this  latter  statement  is  not  borne  out  by 

''''^:^L'\rZ:r^^  cases  due  to  drinking  contaminated 

wateT  where  he  incubation  period  was  very  accurately  deterinined :  the 
rhort^st  was  8  days,  and  the  longest  between  16  and  18  days.  From  10  to 
15  days  is  the  usfial  period  in  enteric  fever  however  propagated. 

There  has  been  some  difference  of  opinion  as  to  whether  sewage  per 
w^l  moduce  enteric  fever,  or  must  the  evacuations  from  an  enteric  fe  er 
will  produce  e^jeuc         ,  ^^^^  ^         question  of  the 

LtSlnTp^W^^^  ofl  ecifil  poisoni    Those  who  believe  in  the  evolu- 
species^^ve  perhaps  good  grounds  for  considering  that  any  sewage 
receiv  ng^fa^cal  matters,  may  give  rise  to  this  specific  form  of  fever  ;  but  as 
vet  the  weight  of  evidence  is  against  such  taking  p  ace 
^    Diarrhoea -There  is  ample  evidence  to  prove  that  diarrhoea  may  result 
from  Sinking  impure  water,  and  when  thus  produced  may  be  due  to  a 

Suspldermineral  matters,  such  as  clay  and  marl  found  chiefly  in  the 
wateis  of  rivers,  such  as  the  Mississippi,  the  Maas,  Eio  Grande,  Kansas, 
be  Gan-es  wiU  at  certain  times  of  the  year  produce  diarrhoea  especi- 
Sv  n  peroS  Vm^cus^         to  the  water.    The  hill  diarrhoea  at  Dhurm- 
S  is  sail  to  be  produced  by  very  fine  scales  of  mica  suspended  in  the 

""'^Suspended  matters,  animal  (fiscal)  and  vegetable,  have  produced  diarrhoea 
•  oT^n.P.-  such  water  always  contains  dissolved  organic  matters  to 
wh^the  St  may  be  partly  owing.  In  cases  in  which  the  water  is 
TaSy  contaminated  with  sewage,  its  use  may  produce  symptoms  resemUmg 
Sera  An  instance  is  recorded  where  seven  persons  in  one  house  were 
attacked  wi^h  violent  gastro-intestinal  derangement  vomiting,  diarrhoea 
^pTnrodiTced  by  water  contaminated  by  sewage  which  has  passed  into  a 
P^S)     In  St  Petersburg  the  water  of  the  Neva,  which  is  rich 

^  ^Sr^tSf:':^^^^^-^  at  Bmam.  on  the 
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west  coast  of  Africa,  produced  by  water  taken  from  a  well :  the  water  was 
good,  but  was  milky  from  suspended  matters,  consisting  of  the  debris^  of 
plants,  chlorophyll,  minute  cellular  and  branched  algcB,  monads,  polygastrica, 
&c.    When  filtered  the  water  was  quite  harmless. 

Wanklyn  states  that  in  the  Leek  Workhouse  there  has  been  for  years 
past  a  general  tendency  to  diarrhoea,  which  could  not  be  accounted  for 
until  the  water  was  examined  and  shown  to  be  loaded  with  vegetable  matter. 
The  water  was  almost  free  from  chlorine,  containing  only  0-5  grain  per 
gallon.  He  also  instances  the  case  of  a  well  on  Biddulph  Moor,  a  few  miles 
from  Leek,  which  on  analysis  yielded  0-5  grain  per  gallon  of  chlorine  and 
0-03  free  and  0-1 4  albuminoid  ammonia  parts  per  million.  The  persons 
who  were  in  the  habit  of  drinking  this  water  suffered  from  diarrhoea. 

An  excess  of  dissolved  nitrogenous  organic  matter  may  produce  diarrhoea, 
but  it  is  difficult  to  estimate  its  exact  influence,  on  account  of  the  presence 
of  other  impurities. 

The  animal  organic  matter  derived  from  graveyards  appears  to  be 
especially  hurtful ;  here  also  ammonium  and  calcium  nitrites  and  mtrates 
may  be  present. 

Water  containing  much  hydrogen  sulphide  will  give  rise  to  diarrhoea, 
especially  if  organic  matter  be  also  present.  In  the  Mexican  War  (1861- 
62)  the  French  troops  suffered  at  Orizaba  from  a  peculiar  dyspepsia  and 
diarrhoea,  attended  with  immense  disengagement  of  gas  and  enormous 
eructations  after  meals.  The  eructed  gas  had  a  strong  smell  of  hydrogen 
sulphide.  This  was  traced  to  the  use  of  water  from  sulphurous  and  alkaline 
springs ;  even  the  best  waters  of  Orizaba  contained  organic  matter  and 
ammonia  in  some  quantity.  Medicinal  sulphuretted  waters  are  well  known 
to  have  a  purgative  action.  The  absorption  of  sewer  gases  by  water,  as 
when  the  overflow-pipe  of  a  cistern  opens  into  the  sewers,  will  cause 
diarrhoea.  Dissolved  mineral  matters,  when  in  excess,  may  produce 
diarrhoea.  Sulphates  of  magnesia  and  lime  are  the  most  usual  as  pro- 
ducing this  effect,  as  is  seen  in  the  case  of  many  purgative  medicinal 
waters. 

Calcium  nitrate  waters  also  produce  diarrhoea.  A  case  is  on  record  in 
which  a  well  water  was  obliged  to  be  disused  in  consequence  of  its  impreg- 
nation with  butyrate  of  calcium  (150  parts  per  100,000),  which  was  derived 
from  a  trench  filled  with  decomposing  animal  and  vegetable  matters. 

The  effect  of  calcium  and  potassium  nitrate  in  causing  a  tendency  to 
diarrhoea  was  also  observed  in  Berlin. 

Brackish  water  (whether  rendered  so  by  the  sea,  or  derived  from  loose 
sands)  produces  diarrhoea  in  a  large  percentage  of  persons,  and  at  some  of 
the  Cape  frontier  stations  water  of  this  character  formerly  caused  much 
disease  of  this  kind.  In  a  water  examined  at  Netley,  which  became 
brackish  from  .sea-water  and  produced  diarrhoea  in  almost  all  persons,  the 
amount  of  chloride  of  sodium  was  found  to  be  361  parts  per  100,000. 
But,  doubtless,  a  much  less  quantity  than  this,  especially  if  chloride  of 
magnesium  be  present,  will  act  in  this  way. 

Sometimes  organic  matter  in  water,  by  producing  nitrates  and  nitrites, 
which  act  on  metals  (lead),  may  produce  illness  of  a  specific  character. 

Dysentery. — This  disease  is  decidedly  produced  by  impure  water,  and 
the  substitution  of  a  pure  for  an  impure  supply  has  been  frequently  followed 
by  a  decrease  in  the  prevalence  of  dysentery  in  an  affected  community. 
The  instances  in  which  outbreaks  of  dysentery  have  been  traced  to  the  use 
of  water  contaminated  with  faecal  impurities  are  very  numerous.  We  shall 
simply  notice  a  few  of  the  most  conclusive  instances  of  this  nature. 
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On  the  west  coast  of  Africa  (Cape  Coast  Castle),  an  attack  of  dysentery 
was  traced  to  the  passage  of  sewage  from  a  cesspool  into  one  of  the  tanks. 
This  was  remedied,  and  the  result  was  the  almost  total  disappearance  of 
the  disease. 

That  in  the  East  Indies  a  great  deal  of  dysentery  has  been  produced  by 
impure  water,  is  a  matter  too  familiar  almost  to  be  mentioned.  Its  constant 
prevalence  at  Secunderabad,  in  the  Deccan,  appears  to  have  been  partly 
owing  to  the  water,  which  percolated  through  a  large  graveyard.  ^ 

The  great  effect  produced  by  the  impure  water  of  Calcutta  in  this  way 
has  been  pointed  out  by  Chevers. 

In  time  of  war  this  cause  has  often  been  present ;  and  the  great  loss  by 
dysentery  in  the  Peninsula,  at  Ciudad  Eodrigo,  was  partly  attributed  by 
Sir  J.  M'Grigor  to  the  use  of  water  passing  through  a  cemetery  where 
nearly  20,000  bodies  had  been  hastily  interred. 

At  Metz,  during  the  summer  of  1870,  there  was  a  severe  epidemic  of 
dysentery  in  two  regiments,  the  rest  of  the  troops  escaping  the  disease. 
Inquiry  showed  that  the  former  had  drunk  well-water  greatly  contaminated 
with  fsecal  soakage  from  latrines  placed  opposite  and  close  to  them.  Wlien 
the  wells  were  closed  the  disease  suddenly  ceased.  In  1881,  the  troops 
occupying  the  same  barrack  were  supplied  with  drinkuig  water  from  the 
same  wells,  whereupon  cases  of  dysentery  reappeared,  and  the  closing  of 
the  wells  had  once  more  the  desired  effect. 

In  a  large  number  of  these  instances,  the  water  which  gave  rise  to 
dysentery  was  polluted  with  fsecal  and  possibly  with  dysenteric  discharges. 
But  the  disease  has  also  been  ascribed  to  the  use  of  marsh  and  brackish 
water,  of  water  contaminated  with  decaying  animal  matters,  and  of  waters 
containing  an  excess  of  mineral  salts  in  solution.  It  is  easy  to  understand 
that  water  may  not  only  serve  as  a  vehicle  by  means  of  which  the  specific 
cause  of  dysentery  may  be  introduced  into  the  system,  but  it  may  also  serve 
as  an  irritant,  and  thus  act  as  a  predisposing  cause  of  infection. 

Yellow  Fever. — As,  like  dysentery,  enteric  fever,  and  cholera,  the 
alimentary  mucous  membrane  is  primarily  affected  in  yellow  fever,  there  is 
an  a  priori  probability  that  the  cause  is  swallowed  also  in  this  case,  and  that 
it  may  possibly  enter  with  the  drinldng  water.  But  no  good  evidence  has 
been  yet  brought  forward. 

Dyspepsia. — Symptoms  which  may  be  referred  to  the  convenient  term 
dyspepsia,  and  which  consist  in  some  loss  of  appetite,  vague  uneasiness  or 
actual  pain  at  the  epigastrium,  and  slight  nausea  and  constipation,  with 
occasional  diarrhoea,  are  caused  by  water  containing  a  large  quantity  of 
calcium  sulphate  and  chloride,  and  magnesium  salts.  Sutherland  found  the 
hard  water  of  the  red  sandstone  rocks,  which  was  formerly  much  used 
in  Liverpool,  to  have  a  decided  effect  in  producing  constipation,  lessening 
the  secretions,  and  causing  visceral  obstructions;  and  in  Glasgow,  the 
substitution  of  soft  for  hard  water  lessened  the  prevalence  of  dyspeptic 
complaints  (Leech).  It  is  a  well-known  fact  that  grooms  object  to  give 
hard  Avater  to  their  horses,  on  the  ground  that  it  makes  the  coat  staring  and 
rough— a  result  which  has  been  attributed  to  some  derangement  of  diges- 
tion. The  exact  amount  which  will  produce  these  symptoms  has  not  been 
determined,  but  Avater  containing  more  than  11  parts  per  100,000  of  each 
substance  individually  or  collectively  apjiears  to  be  injurious  to  many 
persons.  A  much  less  degree  than  this  will  affect  some  persons.  In  a  well- 
water  at  Chatham,  Avhich  Avas  found  to  disagree  with  so  many  persons  that 
no  one  would  use  the  water,  the  main  ingredients  were  27  parts  of  calcium 
carbonate,  16  parts  of  calcium  sulphate,  and  18-5  parts  of  sodium  chloride 
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in  100,000.  The  total  solids  were  71-4  parts  in  100,000.  In  another  case 
of  the  same  kind,  the  total  solids  were  83  parts  in  100,000 ;  the  calcium 
carbonate  was  31,  the  calcium  sulphate  16,  and  the  sodium  chloride  20  parts 
per  100,000. 

Iron,  in  quantities  sufficient  to  give  a  slight  chalybeate  taste,  often  pro- 
duces slight  dyspepsia,  constipation,  headache,  and  general  malaise.  Custom 
sometimes  partly  removes  these  effects. 

Malarial  Fevers.— Water  from  marshes  has  been  long  considered  to 
produce  fever  in  those  who  drink  it,  and  the  same  belief  exists  now  among 
the  inhabitants  of  marshy  countries,  who  assert  that  marsh  waters  can 
produce  fever.  Even  Hippocrates  in  his  time  noticed  that  the  spleens  of 
those  who  drank  water  of  this  kind  became  enlarged  and  hard.  It  is 
difficult  to  state  exactly  the  role  water  plays  in  disseminating  the  poison  of 
malaria,  as  those  who  suffer  are  otherwise  exposed  to  malarious  influences  : 
still  there  is  evidence  to  show  that  cases  have  occurred  which  can  only  be 
accounted  for  by  using  water  derived  from  marsh  lands  and  malarious 
soils. 

On  making  some  inquiries  of  the  inhabitants  of  the  highly  malarious 
plains  of  Troy  during  the  Crimean  war,  Parkes  found  the  villagers  univer- 
sally stated,  that  those  who  drank  marsh  water  had  fever  at  all  times  of  the 
year,  while  those  who  drank  pure  water  only  got  ague  during  the  late 
summer  and  autumnal  months. 

The  same  belief  is  prevalent  in  India.  In  the  Wynaad  district  in  Madras 
it  is  notorious  that  the  water  produces  fever  and  afi"ections  of  the  spleen. 
Instances  are  known  where  villages  are  placed  under  the  same  conditions 
as  to  marsh  air,  yet  in  some  of  them  fevers  are  prevalent,  in  others  not ; 
the  only  difference  being,  that  the  latter  are  supplied  with  pure  water, 
the  former  Avith  marsh  or  nullah  Avater  full  of  vegetable  debris.  In  one 
village  there  were  two  sources  of  supply — a  tank  fed  by  surface  and 
marsh  water,  and  a  spring  ;  those  only  who  drank  the  tank  water  got  fever. 
In  a  village  (TuUiwaree)  no  one  used  to  escape  the  fever ;  a  well  Avas  dug, 
the  fever  disappeared,  and,  during  fourteen  years,  had  not  returned. 
Another  village  (Tambatz)  Avas  also  "  notoriously  unhealthy  " ;  here  also  a 
Avell  Avas  dug,  and  the  inhabitants  became  healthy.  Nothing  can  Avell  be 
stronger  than  the  positive  and  negative  evidence  here  given. 

Moore  also  noted  his  opinion  of  malarious  disease  being  thus  produced ; 
and  Commaille  has  since  stated,  that  in  INIarseilles  paroxysmal  fevers, 
formerly  unknoAvn,  have  made  their  appearance,  since  the  supply  to  the 
city  has  been  taken  from  the  canal  of  Marseilles.  In  reference  also  to  this 
point,  ToAvnsend,  the  Sanitary  Commissioner  for  the  Central  Provinces  _  in 
India,  states  in  one  of  his  reports  that  the  natives  have  a  current  opinion 
that  the  use  of  river  and  tank  water  in  the  rainy  season  (when  the  Avater 
ahvays  contains  much  vegetable  matter)  will  almost  certainly  produce  fever 
{i.e.,  ague),  and  he  believes  that  there  are  many  circumstances  supporting 
this  vieAV.  In  this  Avay  the  prevalence  of  ague  in  dry  elevated  spots  is 
often,  he  thinks,  to  be  explained.  He  mentions  also  that  the  people  who 
use  the  Avater  of  streams  draining  forest  lands  and  rice  fields  "suffer  niorc 
severely  from  fever  (ague)  than  the  inhabitants  of  the  open  plain  draAving 
their  water  from  a  soil  on  Avhich  Avheat  groAvs."  In  the  former  case  there  is 
far  more  vegetable  matter  in  the  water.  The  Upper  Godavery  tract  is  said 
to  be  the  most  aguish  in  the  province,  yet  there  is  not  an  acre  of  marshy 
ground;  the  people  use  the  Avater  of  the  Godavery,  Avhich  drains  more 
dense  forest' land  than  any  river  in  India. 

In  the  belt  of  marshy  land  and  forest  stretching  along  the  base  of  the 
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Himalayas,  and  known  as  the  Terai,  it  has  always  been  the  belief  that  the 
transmission  of  malarial  fever  was  caused  by  drinking  water.  Whalley 
states  that  a  party  of  workmen,  sent  to  repair  a  bridge  over  the  Chuka,  and 
who  were  dependent  on  this  stream  for  their  drinking  water,  suffered 
severely  from  fever,  only  three  escaping  out  of  thirty,  and  many  dying. 
Since  then  a  deep  masonry  well  has  been  constructed  a  few  hundred  yards 
from  the  bridge,  and  the  forest  guards  who  are  located  there,  and  drink 
only  the  well-water,  find  the  station  as  healthy  as  any  other. 

Another  case  of  importance  is  that  recounted  by  Smart.  In  the  Rocky 
Mountain  district  of  North  America  a  fever  prevails,  which  is  popularly 
known  as  the  Mountain  fever ;  it  is  of  a  remittent  type,  and  is  amenable  to 
quinine.  There  is,  however,  no  malarious  district  in  the  neighbourhood,  and 
cases  of  intermittent  fever  from  the  plains  recover  rapidly  there  ;  the  disease 
occurs  sometimes  when  the  thermometer  is  at  times  below  zero,  and  always 
below  the  freezing  point,  but  most  frequently  at  times  when  fever  does  not 
occur  in  the  plains,  but  which  coincide  with  the  melting  of  the  snows,  viz.. 
May,  June,  and  July.  On  analysis  it  was  found  that  all  the  Avater  in  the 
rivers  contained  a  large  excess  of  organic  matter,  the  purest  showing  from 
0-019  to  0-028  per  100,000  of  albuminoid  ammonia,  Avhilst  the  springs 
showed  only  0-010.  The  amount  was  much  increased  after  hsivy  snoAvfall, 
and  on  analysing  the  snow  he  was  surprised  to  find  it  contained  a  large  ex- 
cess of  organic  matter,  especially  that  which  fell  in  large  heavy  flakes  (as 
high  sometimes  as  0-058  of  albuminoid  ammonia).  Smart  concludes  that 
vegetable  organic  matter  is  blown  up  from  the  plains  and  precipitated  with  the 
snow,  and,  when  the  latter  melts,  carried  into  the  streams.  The  exclusion 
of  the  snow-waters  and  heavy  rainfalls,  by  erecting  storage  reservoirs,  gave 
the  place  a  comparatively  pure  spring-water  at  all  times,  and  this  fever 
occurred  afterwards  but  slightly. 

One  very  important  circumstance  is  the  rapidity  of  development  of  the 
malarious  disease  and  its  fatality  when  introduced  in  Avater.  It  is  the  same 
thing  as  in  the  case  of  diarrhoea  and  dysentery.  Either  the  fever-making 
cause  must  be  in  larger  quantity  in  the  Avater,  or,  Avhat  is  equally  probable, 
must  be  more  readily  taken  up  into  the  circulation  and  carried  to  the  spleen, 
than  when  the  cause  enters  by  the  lungs. 

In  opposition,  however,  to  all  these  statements,  Colin,  of  the  Val  de 
Grace,  who  is  so  well  knoAvn  for  his  researches  on  intermittent  fever, 
questions  the  production  of  paroxysmal  fever  by  marsh  Avater.  He  cites 
numerous  cases  in  Algiers  and  Italy,  Avhere  impure  marsh  Avater  gave  rise  to 
indigestion,  diarrhoea,  and  dysentery,  but  in  no  case  to  intermittent  fever, 
and  in  aU  his  observations  he  has  never  met  Avith  an  instance  of  such  an 
origin  of  ague. 

Hirsch  considers  that  the  observations  Avhich  have  been  adduced  to  prove 
the  diffusion  of  malaria  by  means  of  drinking  Avater,  do  not  bear  the  con- 
structions that  the  writers  put  upon  them ;  and  he  believes  that  there  is  no 
proof  of  the  propagation  of  the  disease  by  this  means. 

W.  North  adduces  the  fact  that  "  the  healthiest  parts  of  the  city  of  Rome 
are  supplied  by  Avater  admitted  to  be  the  best  in  the  Avorld,  and  Avhich  rises 
 to  take  the  Acqua  di  Trevi  or  Acqua  Vergine  as  an  example — on  unen- 
closed land,  in  springs  Avhich  bubble  up  and  cover  the  surface  in  a  locality 
so  unhealthy,  that  to  pass  several  nights  there  in  August  miglit  involve 
risk  to  life,  and  certainly  to  health."  He  thinks  that  "  jjroof  that  the 
malarial  affection  can  be  conveyed  by  Avater  is  Avanting,  though  very  largely 
credited  by  the  natives  of  countries  Avhere  the  disease  prevails." 

Although  it  has  been  alleged  that  malarial  diseases  may  be  introduced  on 
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board  ship  by  means  of  drinking  water,  the  records  of  the  Eoyal  Navy 
do  not  support  this  view.  The  statistical  returns  for  the  last  thirty 
years  do  not  show  a  diminution  in  the  proportion  of  cases  of  malarial 
fever,  although  very  great  improvements  have  been  made  during  that 
time  in  regard  to  supplies  of  drinking  water  and  the  more  extended  use 
of  distilled  water. 

Other  Zymotic  Diseases. — Scarlet  fever  appears  to  be  the  only  other 
zymotic  disease  likely  to  be  propagated  by  water.  The  evidence  for  such 
propagation  was  formerly  very  sliglit,  but  numerous  cases  have  occurred 
which  have  been  attributed  to  water  mixed  with  milk.  Later  researches  go 
to  show  that  it  is  the  milk  which  is  the  medium  of  infection  and  not  the 
water.  Although  there  seems  no  jjrimd  fade  reason  against  >vater  being  a 
channel  of  infection,  evidence  that  it  is  so  is  wanting  :  this  disease  certainly 
is  not  disseminated  by  water  as  a  rule. 

It  has  been  suggested  that  diphtheria  may  be  disseminated  by  the  agency 
of  drinking  water,  but  the  evidence  at  present  is  against  such  being  the  case. 
In  no  single  instance  has  water  been  identified  as  the  probable  cause  of 
diphtheria  in  the  investigations  undertaken  by  the  Local  Government 
Board.  As  a  matter  of  fact,  the  diphtheria  organism  finds  it  very  difficult 
to  live  in  water.  It  can  apparently  only  maintain  existence  in  very 
polluted  water,  but  average  water  is  to  a  large  extent  destructive  to  its 
vitality  (Thorne). 

Oriental  Sore. — Under  this  term  are .  included,  those  specific  forms  of 
sores  spoken  of  as  Aleppo,  Bagdad,  or  Delhi  boil.  Various  writers  liave 
attributed  its  spread  to  the  use  of  impure  water.  It  is  certain  that  the 
disease  can  be  conveyed  by  inoculation,  and  therefore  that  it  depends  on  an 
organised  virus.  The  disease  is  probably  conveyed  in  the  course  of  washing 
with  infected  water  :  this  possibly  being  only  one  means  by  which  it  is 
disseminated. 

Goitre. — The  opinion  that  impure  drinking  water  is  the  cause  of  goitre 
is  as  old  as  Hippocrates  and  Aristotle,  and  has  been  held  by  the  majority  of 
physicians.  The  opinion  may  be  said  actually  to  have  been  put  to  the  test 
of  experiment,  since  both  in  France  and  Italy  the  drinking  of  certain  waters 
has  been  resorted  to,  and  apparently  with  success,  for  the  purpose  of  pro- 
ducing goitre,  and  thereby  gaining  exemption  from  military  conscription. 
And  this  is  supported  by  the  evidence  of  Bally,  Coindet,  and  by  many  of 
tlie  French  army  surgeons,  who  have  seen  goitre  produced  even  in  a  few 
days  (8  or  10)  by  the  use  of  certain  waters. 

Apart  from  tliis,  the  evidence  for  the  causation  by  water  is  extremely 
strong,  many  cases  being  recorded  where  in  the  same  village,  and  under  the 
same  conditions  of  locality  and  social  life,  those  who  drank  a  particular 
water  suffered,  while  those  who  did  not  do  so  escaped.  Another  author 
who  has  written  on  this  subject,  and  who  has  accumulated  an  immense 
amount  of  evidence,  Saint-Lager,  expresses  himself  very  confidently  on  the 
point. 

In  the  report  of  the  French  Commission  (1873)  we  find  the  following 
case: — At  Bozel  (Tarentaise)  there  were,  in  1848,  about  900  goitrous 
persons,  and  109  cretins  in  a  population  of  1472,  while  the  village  of  St 
Bon,  standing  800  metres  higher,  was  quite  free  from  both  diseases :  a 
water-pipe  having  been  carried  from  this  village  to  Bozel,  and  this  water 
having  come  into  general  use,  the  endemic  decreased  so  remarkably,  that  in 
1864  there  were  only  39  goitres  and  58  cretins,  and  no  fresh  cases 
occurring. 

The  impurity  in  the  water  which  causes  goitre  is  not  yet  precisely  known. 
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It  is  certainly  not  owing  to  the  want  of  iodine,  as  stated  by  Chatin,  and 
there  is  little  probability  of  its  being  caused  by  a  deficiency  of  chlorides,  by 
fluorine,  or  by  silica.  On  the  other  hand,  the  coincidence  of  goitre  with 
sedimentous  water  is  very  frequent.  Since  the  elaborate  geological  inquiries 
of  Grange  and  the  analysis  of  the  waters  of  the  Iscre,  magnesium  salts  in 
some  form  have  often  been  considered  to  be  the  cause,  to  which  many  add 
lime  salts  also ;  and  certainly  the  evidence  that  the  water  of  goitrous  places 
is  derived  from  limestone  and  dolomitic  rocks,  or  from  serpentine  in  the 
granitic  and  metamorphic  regions,  is  very  strong.  The  investigations  now 
include  the  Alps,  Pyrenees,  Dauphine,  some  parts  of  Russia,  Brazil,  and 
districts  in  Oude  in  North-West  India.  A  table  compiled  from  M'Clellan's 
Avork  is  very  striking  : — 


Goitre  and  Cretinism  in  Kumaon  {Oude). 


Water  derived  from 

Percentage  of  Population  affected. 

With  Goitre. 

With  Cretinism. 

Granite  and  gneiss,  

Mica,  slate,  and  hornblende,  .... 

Clay  slate  

Green  sandstone, 

Limestone  rocks,  

0-2 
0 

0-54 
0 
33 

CO  o  o  o  o 
o 

There  are,  however,  not  wanting  analyses  of  water  of  goitrous  regions 
which  show  that  magnesia  may  be  absent  (in  Eheims,  according  to  Maumene ; 
in  Auvergne,  according  to  Bertrand ;  in  Lombardy,  according  to  Deniortain ; 
and  Saint-Lager  enumerates  other  cases),  while  it  has  also  been  denied  that 
there  need  be  any  excess  of  lime.  Goitre  does  not  appear  to  be  a  prevalent 
disease  in  Sunderland  or  in  Bristol,  tomis  which  have  water-supplies  which 
are  hard,  calcareous,  and  rich  in  magnesium  salts. 

In  the  jail  at  Durham,  Johnston  states  that  when  the  water  contained 
110  parts  per  100,000  (chiefly  of  lime  and  magnesium  salts)  all  the  prisoners 
had  swelHngs  of  the  neck  ;  these  disappeared  when  a  purer  water,  contain- 
ing 26  parts  per  100,000,  was  obtained. 

Wilson  carried  out  some  inquiries  at  Bhagsu,  Dhurmsala,  where  goitre 
prevails  extensively.  He  analysed  specimens  of  the  drinking  water  witliin 
a  radius  of  ten  miles,  and  found  them  exceptionally  pure,  only  three  showing 
traces  of  lime,  and  none  giving  any  evidence  of  magnesia  or  iron. 

Macnaniara,  basing  his  opinion  on  personal  observation  and  inquiry,  does 
not  believe  that  there  is  any  relation  between  the  Ume  and  magnesium 
hardness  in  water  and  goitre.  In  the  Brahmapootra  and  Chenab  valleys, 
are  certain  spots  on  the  river  bank  where  goitre  is  prevalent,  while  in 
neicfhbouring  villages  similarly  situated,  where  the  same  water,  that  of  the 
river,  is  used,  there  is  none.  He  further  states  that  in  all  goitrous  localities, 
it  is'diu-ing  and  after  the  rains,  when  the  water,  so  far  as  their  mineral 
ingredients'are  concerned,  must  be  in  the  state  of  greatest  dilution,  that  the 
disease  most  commonly  commences  and  most  rapidly  develops. 

It  seems,  therefore,  that  the  question  is  still  undecided,  and  it  is  much 
to  be  desired  that  more  extended  inquiry  should  be  made,  with  careful 
analyses,  as  well  as  records  of  local  and  other  conditions,  which  probably 
contribute  more  or  less  to  the  production  of  the  disease. 

Parasitic  Diseases.— Whereas  the  Tamia  solium  and  the  Txnia  medio- 
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canellata,  and  many  entozoa,  find  their  way  into  the  body  with  the  food, 
the  two  forms  of  the  Bothriocejphalus  latus  {T.  lata)  may  pass  in  with  the 
drinking  water.  Both  embryo  and  eggs  (but  principally,  or  perhaps  entirely, 
the  former)  exist  in  river-water.  The  ciliated  embryo  moves  for  several 
days  very  actively  in  water ;  it  may  after  a  time  lose  its  ciliary  covering, 
and  then,  not  being  able  to  move  further,  perishes ;  or  it  may  find  its  way 
into  the  body  of  some  animal,  and  there  develop  into  the  Bothriocepliahis 
latus.  It  is  mostly  indigenous  to  the  sea  coast  and  to  the  shores  of  lakes 
and  other  inland  waters. 

It  is  most  common  in  the  interior  of  Eussia,  Sweden,  in  part  of  Poland, 
and  in  Switzerland. 

Distoma  liepaticum  {Fasciola  hepatica).— The  eggs  are  developed  in 
water,  and  the  embryos  swim  about  and  live,  so  that  introduction  in  this 
way  for  sheep  is  probable,  and  for  men  is  possible. 

The  Ascaris  lumhricoides  (Round-worm)  appears  also  sometimes  to  enter 
the  body  by  the  drinking  water.  At  Moulmein,  in  Burmah,  during  the 
Avet  season,  and  especially  at  its  commencement,  natives  and  Europeans, 
both  sexes  and  all  ages,  were,  in  former  years,  so  affected  by  lumbrici  that 
it  was  almost  an  epidemic.  The  only  circumstance  common  to  all  classes 
was  that  the  drinking  water,  drawn  chiefly  from  shallow  wells,  was  greatly 
contaminated  by  the  substances  washed  in  by  the  floods  of  the  excessive 
monsoon  which  prevails  there.  Similar  facts  have  also  been  noticed  in 
England. 

Leuckart  has  no  doubt  of  the  passage  of  the  Ascarides'  eggs  into  drink- 
ing water ;  and,  indeed,  they  have  been  actually  seen  in  the  water  by  Hosier. 
But  it  seems  yet  doubtful  (as  all  experiments  have  failed  in  producing 
from  the  drinking  water  the  worms  in  animals)  whether  the  eggs  alone 
will  suffice,  and  it  seems  possible  that  they  must  pass  through  some  other 
host  before  developing  in  the  human  intestine.  This  was  also  the  opinion 
of  Cobbold.  Hosier  attributed  in  his  case  much  influence  to  the  large 
amount  of  vegetable  food  taken  by  the  jjersons  aff'ected. 

The  Dochmius  duodenalis  {Strongylus  duodenalis,  Anclujlostomum  sen 
Sclerostoma  duodenale)  would  appear  from  Leuckart's  statement  to  be 
introduced  by  impure  water.  It  is  especially  prevalent  in  Brazil  and  in 
Egypt,  where  it  causes  the  so-called  "Egyptian  chlorosis"  (Griesinger). 
During  the  construction  of  the  St  Gothard  Tumiel,  the  workmen  were  much 
aff'ected  by  a  severe  and  often  fatal  form  of  anaemia,  due  to  the  presence 
of  this  parasite.  The  disease  is  propagated  mainly,  if  not  altogether,  by 
drinking  water  containing  the  ova  or  embryos.  The  Beri-beri  of  Ceylon 
is  said  by  Kynsey  to  be  due  to  the  presence  of  Anclujlostomum  duodenale  in 
the  intestinal  canal ;  "  to  be,  in  fact,  Anchylostomiasis."  The  cause  is  the 
presence  of  the  ova  of  the  parasite  in  drinking  water. 

Oxyuris  vermicularis,  very  common  in  children,  but  occasionally  also 
found  in  adults,  is  probably  sometimes  taken  through  water. 

Filaria  Dracunculus  (Guinea-worm). — The  introduction  liy  water  of 
Filaria  has  long  been  a  favourite  opinion.  It  has  been  a  matter  of  debate 
whether  it  is  taken  into  the  stomach  as  drink,  and  thence  finds  its  way 
(like  Trichint,  to  the  muscles)  into  the  subcutaneous  cellular  tissue,  or 
whether  it  penetrates  the  skin  during  bathing  or  wading  in  streams.  The 
latter  opinion  seems  to  be  the  more  probable  in  the  majority  of  cases. 
Fedschenko,  however,  has  shown  that  the  embryo  enters  the  body  of  a 
Cyclops,  which  acts  as  its  host,  and  that  it  undergoes  development  there,  and 
is  thus  taken  in  with  drinking  water.  Boiling  the  water  before  drinking 
appears  to  have  a  preservative  effect. 
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Filaria  sanguinis  hominis  appears  to  find  its  way  into  the  blood  of 
man  through  water  in  a  curious  way.  Manson  has  found  that  the  mosquito 
is  an  active  agent  in  the  propagation  of  Filaria.  The  embryos  are  taken 
into  the  mosquito's  stomach  with  the  blood  of  persons  infected  by  the 
haematozoon.  Arrived  there,  the  parasite  penetrates  the  walls  of  tlie 
stomach,  and  works  its  way  to  the  thoracic  tissues  of  the  insect,  where 
further  development  takes  place.  Tlience  they  are  transferred  to  the  water, 
whence  it  is  assumed  that  it  again  finds  entrance  into  the  body  of  man.  It 
produces  Elephantiasis  and  dtyluria. 

Bilharzia  hcematohia.— 'From  the  observations  of  Griesinger,  J ohn  Harley, 
and  Cobbold,  tliere  seems  no  doubt  that  the  embryos  of  this  entozoon  Hve  in 
water,  and  the  animal  may  be  thus  introduced  probably  by  the  medium  of 
some  other  animal.  Batho  doubts,  however,  this  introduction  by  water, 
since  the  entozoon  occurred  in  persons  using  rain-water  and  pure  mountain 
stream  water.  It  causes  endemic  hcematuria  in  Egypt,  the  Cape,  and 
elsewhere. 

Leeches.— Small  leeches  may  be  present  in  water,  which  fix  on  the 
pharynx,  or  in  the  posterior  nares,  after  drinking.  Cleghorn  noticed  that 
coughs,  nausea,  and  spitting  of  blood  were  thus  caused.  In  a  march  of  the 
French  near  Oran,  in  Algiers,  more  than  400  men  were  at  one  time  in 
hospital  from  this  cause.  In  some  cases  the  repeated  bleedings  from  the 
larynx  have  simulated  haemoptysis  and  phthisis,  and  have  produced  anaemia. 
A  leech,  once  fixed,  seldom  falls  ofi"  spontaneously. 

Lead,  Arsenic,  Copper,  Zinc,  &c.,  in  Water.— The  question  of  lead 
poisoning  by  drinking  water  has  aheady  been  considered.  It  is  only 
necessary  to  mention  the  fact  of  metals  passing  into  the  drinking  water, 
either  by  trade  refuse  being  poured  into  streams,  or  by  the  water  dis- 
solving the  metal  as  it  flows  through  pipes  or  over  metallic  surfaces.  The 
amount  of  copper  required  to  produce  poisonous  symptoms  appears  to  be 

doubtful.  .  .  . 

In  1864  a  factory  at  Basle  discharged  water  containing  arsenic  into  a 
pond,  from  which  the  ground  and  adjacent  wells  were  contaminated,  and 
severe  illness  in  the  persons  who  drank  the  well-water  was  produced. 

Water,  impregnated  with  sulphurous  acid,  gives  rise  in  cattle  to  a 
number  of  serious  symptoms,  among  others  to  diseases  of  the  bones.  The 
sulphur  dioxide  evolved  from  the  copper  works  at  Swansea  has  caused 
numerous  actions  on  account  of  the  loss  of  herbage  and  cattle.  Rossignol 
states  that  water  highly  charged  with  calcium  carbonate  and  sulphate  was 
found  to  give  rise  to  exostoses  in  horses  ;  pure  water  being  given,  the  bones 
ceased  to  be  diseased. 

General  Conclusions. — An  endemic  of  diarrhoea,  m  a  community,  is 
almost  always  owing  either  to  impure  air,  impure  water,  or  bad  food.  If 
it  affects  a  number  of  persons  suddenly,  it  is  probably  owing  to  one  of  the 
two  last  causes ;  and  if  it  extends  over  many  families,  almost  certainly  to 
water.  But  as  the  cause  of  impurity  may  be  transient,  it  is  not  easy  to 
find  experimental  proof. 

Diarrhoea  or  dysentery,  constantly  affecting  a  community,  or  returning 
periodically  at  certain  times  of  the  year,  is  far  more  likely  to  be  produced 
by  bad  water  than  by  any  other  cause.  A  very  sudden  and  localised  out- 
break of  either  enteric  fever  or  cholera  is  almost  certainly  owing  to  the 
introduction  of  the  poison  by  water,  and  the  same  fact  holds  good  in  coses 
of  makrious  fever,  and  especially  if  the  cases  are  very  grave.  The  intro- 
duction of  the  ova  of  certain  entozoa  by  means  of  water  is  proved  in  some 
cases  and  is  probable  in  others. 
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41thon^h  it  is  not  at  present  possible  to  assign  to  every  impurity  in 
water  its  exact  share  in  the  production  of  disease,  or  to  prove  the  precise, 
influence  on  the  public  health  of  water  which  is  not  extremely  impure,  it 
appears  certain  that  the  health  of  a  community  always  improves  when  an 
abundant  and  pure  water-supply  is  given;  and,  apart  from  this  actual 
evidence,  we  are  entitled  to  conclude,  from  other  considerations,  that 
abundant  and  good  water  is  a  primary  sanitary  necessity. 


PURIFICATION  OF  WATER. 

The  purification  of  water  may  be  necessary  to  remove  excessive 
hardness,  suspended  matters,  dissolved  organic  matter,  or  the  micro- 
oro'anisms  usually  associated  with  specific  diseases. 

°It  is  usually  effected  by  employing  heat,  chemical   reagents,  and 
filtration  processes,  either  singly  or  in  combination. 

DistiUation.— This  is  a  good  plan,  for  if  properly  carried  out  all  danger 
is  removed.  Unless,  however,  the  water  is  taken  from  a  clean  source  it 
may  produce  illness  even  if  distilled.  An  outbreak  of  diarrhoea  on  board 
H.M.  ships  in  the  harbour  of  Valetta  was  attributed  to  impurities  in  the 
water  distilled  from  the  not  over-clean  water  of  the  Grand  Harbour. 
The  distilled  water  was  also  complained  of  as  "going  bad"  very  quickly 
in  the  Soudan  campaign;  but  there  the  dirty  water  of  the  harbour  of 
Suakim  was  used,  and  in  such  a  case  there  may  have  been  an  excessive 
quantity  of  free  ammonia  in  the  water  which  passed  over  into  the  distillate ; 
this  shows  the  necessity  of  seeking  a  pure  supply  to  distil  the  water  from. 
All  distilled  water  should  be  tested  with  a  few  drops  of  dilute  nitric  acid 
and  silver  nitrate ;  if  no  haze  appears,  then  the  water  may  be  considered 
safe;  all  other  waters  will  give  evidence  of  the  presence  of  chlorine  by 
the  formation  of  a  precipitate,  turbidity,  or  haze  according  to  the  amount ; 
and  so  will  distilled  water  (so-called),  if  it  has  been  contaminated  during 
the  process  of  distillation,  or  by  being  received  in  vessels  not  perfectly 
clean. 

Boiling. — This  plan  is  next  best  to  distillation  :  it  gets  rid  of  calcmm 
carbonate,  iron  in  part,  and  hydrogen  sulphide,  and  lessens,  it  is  said, 
organic  matter.  Tyndall's  experiments  have  shown  that  there  are  stages  in 
the  life  of  bacteria  during  which  they  can  resist  almost  any  moist  heat. 
But  as  they  soften  before  propagation  a  solution  can  be  successfully 
sterilised  by  repeated  boilings,  so  as  to  attack  the  several  crops  of  bacteria 
in  their  vulnerable  condition.  Most  spores  are  killed  by  boiling.  On 
the  whole  we  may  take  it  that  water,  even  only  once  boiled,  is  in  all 
likelihood  safe,  and,  if  repeatedly  boiled  at  uitervals,  quite  safe.  Boiling 
in  open  vessels  is  objectionable,  because  the  dissolved  gases  are  driven  off, 
and  unless  the  water  is  again  aerated  during  tlie  process  of  cooling,  it 
will  be  found  flat  and  insipid  to  the  taste. 

Special  Sterilisers.— In  order  to  retain  the  dissolved  gases  and  deliver 
the  water  in  a  cool  condition  ready  for  drinking,  numerous  water  sterilisers 
have  been  recently  brought  forward.  The  best  forms  are  the  machines 
invented  by  Desmaroux,  Maiche,  and  Waterliouse-Forbes.  In  all  three 
machines  there  is  the  same  idea  of  providing  an  exchange  heater  by  means 
of  which  the  incoming  cold  water  receives  heat  from  the  outgoing  hot 
water,  and  in  this  way  the  fuel  required  to  raise  the  water  to  the  required 
temperature  is  much  'lessened  and  the  effluent  from  the  machine  is  almost 
as  cold  as  the  supply.    Desmaroux's  machine  consists  of  a  boiler,  one  or 
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two  exchange  heaters,  and  temperature  and  pressure  regulators.  The 
boiler  is  composed  of  a  number  of  tubes  surrounded  by  a  jacket  containing 
half  water  and  half  steam.  The  exchange  heaters  are  made  of  thin 
metallic  plates  rolled  concentrically,  leaving  spaces  between  them  about 
40  cm.  high  and  5  mm.  wide.  These  spaces  are  arranged  so  as  to  provide 
two  distinct  systems,  one  for  the  cold  water  flowing  to  the  boiler,  and  the 
oihev  for  the  water  j^assing  from  the  boiler  to  the  exit.  The  temperature 
regulator  consists  of  a  cylinder  containing  a  folded  tube  surrounded  hy 
petroleum,  the  water  from  the  boiler  circulates  through  tlie  cylinder,  and 
when  the  temperature  is  at  the  required  height  the  folded  tube  expands, 
and  forces  up  a  rod  which  opens  a  valve  placed  in  the  supply  pipe,  and 
permits  the  unsterilised  water  to  enter  the  machine.  A  pressure  regulator 
is  placed  at  the  entrance  to  the  apparatus,  and  is  intended  to  maintain  an 
automatic  pressure  of  14  lbs.  to  the  square  inch.  A  second  regulator 
placed  at  the  exit  is  provided  to  maintain  sufficient  back  pressure  to 
prevent  the  formation  of  steam  at  the  temi:)erati;re  of  sterilisation.  The 
large  machine  delivers  220  gallons  of  sterile  water  per  hour  with  the 
expenditure  of  only  2  to  4  lbs.  of  charcoal.  The  water  retains  its  gases, 
and  is  quite  cool  at  the  exit.  The  machine  can  be  arranged  to  work  at 
any  temperature  between  100°  C.  and  120°  C.  The  requisite  head  to  cause 
the  water  to  pass  through  the  apparatus  is  obtained  by  means  of  a  pump 
when  pressure  from  a  public  supply  is  not  available. 

Maiche's  apparatus  is  also  provided  with  a  boiler,  exchange  heater, 
and  temperature  and  pressure  regulators.  The  boiler  is  made  of  copper, 
surrounded  by  a  jacket  of  silicated  cotton,  and  the  heat  is  supplied  by  a 
burner  of  any  preferred  construction.  The  exchange  heater  consists  of 
two  separate  tubes  arranged  concentrically  one  within  the  other,  and  coiled 
round  a  cylindrical  case  containing  numerous  straight  tubes  which  end  in  a 
metal  box  both  above  and  below.  The  impure  water  is  contained  in  the 
outer  of  the  concentrically  arranged  tubes,  and  having  passed  through  the 
coil  enters  the  cylindrical  case,  passes  upwards  outside  the  vertical  tubes 
until  it  reaches  the  top  of  the  cylinder,  from  whence  it  is  conveyed  to  the 
bottom  of  the  boiler.  After  being  heated  to  109°  C.  for  four  minutes 
the  water  leaves  the  boiler,  passes  down  tlirough  the  vertical  tubes,  and 
enters  the  inner  of  the  concentrically  arranged  tubes,  and  finally  is 
delivered  from  the  bottom  of  the  exchange  heater  as  cool  sterile  water 
ready  for  use.  The  object  of  the  cylindrical  case  containing  the  vertical 
tubes  is  to  secure  the  deposit  of  the  calcium  salts  in  a  position  where  they 
can  be  easily  renewed.  The  temperature  and  pressure  required  can  be 
obtained  by  arranging  the  attached  regulator  before  commencing  the 
sterilisation.  The  apparatus  delivers  22  gallons  an  hour,  and  this  amount 
of  water  can  be  sterilised  at  109°,  with  the  expenditure  of  6  culiic  feet 
of  gas. 

The  Waterhouse-Forbes  steriliser  consists  of  a  supply  bottle  which  is 
filled  with  the  water  to  be  sterilised  and  then  placed  mouth  downwards  in 
a  small  cup  connected  by  a  narrow  pipe  to  the  exchange  heater.  Tlie 
exchange  heater  is  simply  a  cylindrical  box  divided  longitudinally  into  two 
compartments  by  a  counter-folded  diaphragm ;  the  unsterilised  M'ater  rises  to 
the  top  of  one  compartment  and  then  flows  into  the  heater,  which  is  a  metal 
receptacle  closed  by  a  movable  lid  and  connected  by  a  narroAv  curved  pipe 
to  the  top  of  the  second  compartment  of  the  exchange  heater.  The  heater 
is  above  the  level  of  the  neck  of  the  supply  bottle,  so  that  no  cold  water  can 
pass  over  into  the  second  compartment  of  the  exchange  heater.  AVhen, 
however,  the  water  in  the  heater  is  boiled  by  a  gas  burner  or  kerosene  oil 
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lamp,  it  expands  and  runs  over  into  the  exchange  heater ;  in  this  way  a 
lowering  of  the  water  around  the  neck  of  the  feeder  is  produced,  which 
permits°a  little  air  to  enter  the  jar  and  so  force  more  water  into  the  cold  side 
of  the  heater.     By  means  of  the  counter-folding  of  the  diaphragm  the 
exchange  of  heat  between  the  incoming  and  outgoing  water  is  so  perfect 
that  the  temperature  of  the  water  delivered  is  only  from  4°  F.  to  8°  F.  above 
that  of  the  supply.    It  is  claimed  that  as  the  water  is  only  boiled  for  a  few 
seconds  the  dissolved  gases  are  not  driven  off.     In  the  experiments  at 
Netley  it  Avas  found  that  three-quarters  of  the  oxygen  contained  in  the 
water  was  dissipated,  but  the  water  had  not  an  unpalatable  taste.  The 
weight  of  the  apparatus  is  about  29  lbs.,  and  it  is  capable  of  delivering 
5  gallons  of  sterilised  water  per  hour.    All  these  sterilisers  were  tested  at 
ISTetley,  and  it  Avas  found  that  even  when  rich  emulsions  of  B.  coK  or  B. 
prodigiosus  were  passed  through  them  not  a  single  organism  introduced 
could  be  detected  in  the  sterilised  water.    "With  Desmaroux  and  Maiche's 
machines  it  was  found  that  there  was  no  appreciable  loss  of  oxygen,  and  by 
diminishing  the  output  and  so  prolonging  the  stay  in  the  boiler,  spore- 
bearing  organisms  could  be  easily  destroyed.    But  for  ordinary  hygienic 
purposes  it  is  quite  sufficient  to  be  able  to  destroy  such  organisms  as  the 
B.  typhosus  and  the  spirillum  of  cholera,  and  this  can  be  easily  effected 
in  the  three  machines  described.    Maiche's  apparatus  has  not  yet  been 
adapted  for  military  purposes  in  the  field.    Desmaroux  has  brought  forward 
a  small  field  steriliser  which  Avorks  well  but  sufi'ers  from  the  great  draAvback 
that  it  can  only  be  repaired  by  the  maker.    The  Waterhouse-Forbes  steriliser 
has  been  adapted  for  military  purposes  in  the  field,  and  probably  has  a  useful 
future  before  it. 

Chemical  Processes. — Most  of  the  chemical  processes  act  by  producing 
a  precipitate  Avhich  carries  down  suspended  matter  and  micro-organisms. 
Alum  has  been  used  to  piirify  Avater  from  suspended  matters.  It  does  this 
very  effectually  if  there  be  calcium  carbonate  in  the  Avater  ;  calcium  sulphate 
is  formed,  and  this  and  a  bulky  aluminium  hydrate  entangle  the  floating 
particles  and  sink  to  the  bottom.  The  quantity  of  crystallised  alum  to  be 
used  should  be  about  6  grains  per  gallon. 

If  a  sedimentous  Avater  is  extremely  soft,  a  little  calcium  chloride  and 
sodium  carbonate  should  be  put  in  before  the  alum  is  added. 

Clark's  process  for  the  softening  of  Avater  really  combines  chemical  with 
mechanical  action.  This  plan  has  been  carried  out  Avith  great  success  on  a 
large  scale  in  the  form  knoAvn  as  the  Porter-Clark  process.  Lime  water  is 
mixed,  by  means  of  rakes  or  fans,  with  the  water  to  be  purified,  and  by 
entering  into  combination  Avith  the  COg  in  the  water,  the  calcic  carbonate  is 
rendered  insoluble,  and  throAvn  doAvn  as  a  precipitate :  this  acts  mechani- 
cally in  removing  a  large  portion  of  the  organic  matter,  and,  it  is  said,  iron. 
The  Avater  is  subsequently  clarified  either  by  subsidence  or  by  being  forced 
through  a  filter  of  stretched  canvas,  by  Avhich  all  solid  impurities  are 
removed :  it  does  not  touch  calcium  and  magnesium  sulphate  or  chloride. 
The  following  equation  explains  this  action  : — 

CaCOg-l-COa-l-CaHaOg  =  2CaC0g -H  HgO. 

Sodium  carbonate,  with  boiling,  throws  down  lime,  and  a  little  lead,  if 
present. 

Maignen's  process  consists  in  adding  to  the  Avater  a  powder,  called  anfi- 
calcaire,  containing  chiefly  lime,  sodic  carbonate,  and  alum.  The  alum 
precipitates  organic  matter,  whilst  the  sodic  carbonate  attacks  the  lime  and 
magnesia. 
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Addition  of  Potassium  or  Sodium  Permanganate. — Pure  Condy's  fluid 
readily  removes  the  smell  of  hydrogen  sulpliide  and  the  peculiar  offensive 
odour  of  impure  water  which  has  been  kept  in  casks  or  tanks.  If  it  forms 
a  precipitate  of  manganic  oxide,  it  also  carries  down  suspended  matters ; 
hut  the  formation  of  this  precipitate  is  very  uncertain.  The  action  on  the 
dissolved  organic  matters  will,  of  course,  vary  with  the  nature  of  the 
substance ;  some  of  the  organic  matters,  both  animal  and  vegetable,  will 
be  oxidised ;  but  in  the  cold  it  will  not  act  upon  the  whole  of  these 
substances,  and  some  organic  matters  are  not  touched. 

One  objection  to  the  use  of  the  permanganate  is  that  it  often  communi- 
cates a  yellow  tint  to  the  water,  arising  from  suspended  finely  divided 
peroxide  of  manganese.  This  is  probably  of  no  moment  as  far  as  health  is 
concerned,  but  it  is  unpleasant.  Sometimes  the  addition  of  a  little  alum 
will  carry  down  this  suspended  matter  ;  boiling  ma.y  te  used,  but  often  has 
no  effect.    Sometimes  nothing  removes  it  but  filtration. 

The  indications  for  the  use  of  permanganate  are  these.  In  the  case  of 
any  foul-smelling  or  suspected  water,  add  good  Condy's  fluid,  teaspoonful 
by  teaspoonful,  to  3  or  4  gallons  of  the  water,  stirring  constantly.  "When 
the  least  permanent  pink  tint  is  perceptible,  stop  for  five  minutes ;  if 
the  tint  is  gone,  add  36  drops,  and  then,  if  necessary,  30  more,  and 
then  allow  to  stand  for  six  hours ;  then  add  for  each  gallon  6  grains  of 
a  solution  of  crystallised  alum,  and  if  the  water  is  very  soft,  a  little  calcium 
chloride  and  sodium  carbonate,  and  allow  to  stand  for  twelve  or  eighteen  hours. 

The  addition  of  potassium  permanganate  so  as  to  "  pink  "  the  water  has 
been  strongly  recommended  by  Hankin  for  the  purification  of  well  waters 
suspected  to  contain  the  spirillum  of  Asiatic  cholera. 

The  Anderson  revolving  Iron  Purifier.  —  This  process  consists  in 
passing  water  through  a  wrought  iron  cylinder  which  contains  a  charge  of 
metallic  iron  in  small  pieces,  and  is  kept  in  continual  slow  rotation.  The 
water  is  passed  through  at  the  rate  of  |^rd  to  ith  of  the  capacity  of  the 
cylinder  per  minute,  and  takes  up  from  j^th  to  ith  of  a  grain  of  iron  (ferrous 
hydrate)  per  gallon.  On  leaving  the  cylinder  the  water  is  passed  into  a 
settling  bed,  and  the  ferrous  hydrate,  on  exposure  to  the  air,  is  quickly 
changed  to  ferric  hydrate,  Avhich  is  precipitated  in  particles  more  or  less 
coarse  according  to  the  nature  of  the  water.  Organic  matter  and  micro- 
organisms become  entangled  in  the  precipitate  and  subside  to  the  bottom  of 
the  settling  tank.  The  process  may  be  used  combined  with  sand  filtration  ; 
it  then  reduces  about  half  the  area  of  filter  surface  required.  INIiquel's 
experiments  with  the  installation  at  Boulogne-sur-Seine  gave  the  folloAving 
averages  for  a  period  of  six  months  : — 

Uiifiltered  water  from  the  lliver  Suino,  .  .  39,600  bacteria  per  c.c. 

Treated  water  t  •  1/0       ,,  ,, 

Bromine. — Staff'-Surgeon  Schlumberg  suggested  the  use  of  bromine  for 
the  sterilisation  of  water.  Numerous  experiments  made  at  Netley  showed 
that  0"06  gramme  of  bromine  per  litre,  after  five  minutes'  exposure,  will 
render  most  surface  waters  safe  for  drinking  purposes.  The  colour  and 
taste  of  the  bromine  is  readily  removed  after  the  five  minutes'  treatment  by 
adding  0*095  gramme  of  sodium  hyposulphite  and  0-04  gramme  of  anhydrous 
sodium  carbonate  to  each  litre  of  water  containing  0'06  gramme  of  bromine. 

Calcium  Hypochlorite. — This  salt  has  also  been  recommended  for  the 
destruction  of  pathogenic  organisms  in  water,  but  experiments  at  Netley 
showed  that  the  B.  typhosus  was  not  destroyed  by  an  amount  of  calcium 
hypochlorite  which  rendered  the  water  quite  unfit  for  drinking  purposes. 
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Filtration. — The  chief  object  of  filtration,  whether  for  domestic  or 
public  supplies,  is  to  remove  micro-organisms. 

Filtration  for  Public  Supplies. — The  purification  of  water  on  a  large  scale 
is  usually  efi'ected  by  sand  filter-beds.    The  works  at  Hamburg  are  of  modern 
construction,  and  a  brief  description  of  them  will  show  how  sand  filter-beds 
should  be  constructed  and  worked.    The  water  to  be  treated  is  first  passed 
into  setthng  reservoirs,  where  sedimentation  is  allowed  to  take  place  for 
nineteen  to  thirty  hours.    From  the  settling  basins  the  water  is  led  to  the 
iafluent  chambers  of  the  filter-beds.    Each  influent  chamber  has  two  com- 
partments ;  in  the  first  is  placed  a  balanced  valve  connected  by  means  of  a 
lever  to  a  float  in  the  second  compartment,  by  means  of  which,  when  the 
water  on  the  filter  reaches  the  desired  elevation,  the  valve  is  closed  auto- 
matically.   The  water  flows  upon  the  filter-bed  through  two  openings  in 
the  side  of  the  influent  chamber.    The  filter-beds  are  rectangular  in  shape, 
with  impermeable  walls,  and  are  usually  filled  from  above  downwards  with 
about  40  inches  of  sand,  effective  size  0"3  to  0"34  mm.,  and  24  inches 
of  gravel  in  diff"erent  sizes,  so  arranged  that  the  upper  finer  material  cannot 
penetrate  the  lower  coarser  material,  and  the  latter  cannot  enter  the  collect- 
ing drains.    The  water,  after  it  has  percolated  through  the  sand  and  gravel, 
is  received  in  the  collecting  drains  ;  the  main  drain  is  constructed  with 
brick  side-walls  and  cover  stones  of  granite ;  the  branch  drains,  made  of 
brick  laid  dry,  are  connected  to  the  sides  of  the  main  drain.    From  the 
main  collector  the  water  enters  the  efiiuent  well,  which  contains  several 
compartments.    In  the  first  compartment  the  water  rises  to  a  level  corre- 
sponding to  that  of  the  raw  water  on  the  filter  and  then  passes  into  the 
second  compartment  over   an  adjustable  weir  by  means  of  which  the 
quantity  flowing  from  the  filters  will  always  be  the  same ;  from  the  second 
compartment  the  water  passes  to  the  clear  water  well.    The  head  of  water 
allowed  on  the  filter-beds  is  42  inches  and  the  rate  of  filtration  2*5  inches 
per  hour.    When  a  filter  has  been  working  some  time,  it  requires  a  liead  in 
excess  of  the  maximum  allowed,  viz.,  42  inches,  in  order  to  give  the  normal 
delivery.    Under  these  conditions  the  filter  is  taken  out  of  service,  emptied, 
and  the  top  layer  of  sand  renewed,  not  more  than  half  an  inch  being 
scraped  off'  at  each  cleaning.    When,  by  repeated  cleaning,  the  layer  of  sand 
has  been  reduced  to  16  inches  in  thickness,  the  filter  is  thrown  out  of  action 
and  the  bed  re-made  with  washed  sand.    After  cleaning,  the  filter-bed  is 
re-filled  with  filtered  water  from  below  upwards  until  it  stands  at  a  depth 
of  about  8  inches  above  the  sand ;  the  impure  water  is  then  run  on  up 
to  the  required  head,  and  after  the  bed  has  been  standing  for  twenty-four 
hours,  filtration  is  again  started. 

The  filter-beds  of  the  new  water  works  at  Berlin  are  constructed  as 
follows  : — 

Fine  sand  at  the  top  of  the  bed  (effective  size  0-35  mm.),  24  inches. 

Gravel,      .......  12  ,, 

Boulders,    .......  12  ,, 

The  maximum  head  of  water  allowed  on  the  filter-beds  is  3 1*5  inches; 
the  rate  of  filtration  is  efiiciently  controlled  by  sluice  gates  and  maintained 
at  a  rate  of  about  4  inches  per  hour. 

The  filter-beds  used  by  the  London  water  companies  vary  in  depth  and 
area.  The  storage  and  filtering  areas  available  in  the  case  of  each  company 
are  shown  in  the  following  table  : — 
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Capacity  of  Subsidence 
Reservoir. 

Filters. 

Thickness 
of  Sand  in 
Filters. 

Monthly  Kate  of  Fil- 
tration per  square 
foot  per  hour,  1898. 

Names 
of 

Companies. 

] 

UUDIC  L/UIlutjUuD. 

dumber 

of 
Days' 
Supply. 

Area. 

Area  per 
million  gallons 

of  Average 
Daily  Supply. 

Maxi- 
mum. 

Mini- 
mum. 

Mean 
Monthly 
Averages. 

Maximum 
Monthly 
Averages. 



Chelsea, 

140,000,000 

11-8 

acres. 
8 

acres. 
0-67 

ft.  in. 
4  3 

ft.  in. 

6  0 

gallons. 

1  -TPi 
I  1  0 

gallons. 
1-75 

East  London, 

1,215,000,000 

31-0 

31 

0-79 

2  6 

1  6 

111 

i  oo 

Grand  Junction,  . 

64,000,000 

3-2 

1-22 

3  0 

1  6 

1-61 

1-86 

Lambeth,  . 

128,000,000 

5-1 

m 

0-48 

3  0 

2  6 

2-03 

2-50 

New  River, 

168,100,000 

4-5 

16i 

0-45 

2  3 

1  7 

2-43 

2-75 

Southwark  and 

436,000,000 

13-3 

0-61 

3  0 

2  3 

1-50 

1-50 

Vauxhall, 
"West  Middlesex, . 

j  397,500,000 

18-6 

19 

0-89 

2  9 

2  6 

1-36 

1-50 

Action  of  a  Filter-bed.-Tieike  was  the  first  to  show  that  sand  alone 
could  not  rimove  micro-organisms  from  water ;  filters  made  of  sterihsed 
sand  were  found  to  actuau/increase  the  number  o  bacteria  during  the  firs 
few  dlvs  of  working,  but  with  the  formation  of  a  slimy  layer  on  the  surface 
Z       the  Ldy  of  the  filter-bed,  the  true  filtering  action  commenced. 
Sit  sHmy  layerf  to  which  the  greatest  importance  is  now  attached,  consis 
of  zooXa  of  bacteria  combined  with  suspended  materials  m       ^'^^er  ; 
is  extr°emely  friable  and  readUy  broken  by  excessive  pressure  on  the  surface 
or  distrbance  of  the  body  of  the  filter-beds.    Hence  the  extreme  care  now 
ri      fn  SwL  filter  beds  from  below  so  as  to  prevent  the  zoogloea  masses 
^  brok  n  by  l^^e  p^^^^^^^^^^^^       air,  and  to  control  the  rate  of  filtration  and 
St  the  pressure  of  water  on  the  surface.    The  degi-ee  of  fineness  and 
uniformTty^  o^^^^^^    sand  grains  are  also  of  importance  m  securing  a  good 
Zate     Bv  nsina  fine  sand  the  current  of  water  which  passes  through  a 
Ss  reni^red  slow  and  uniform  and  the  walls  of  the  lacunar  spaces  are 
bea  IS  ,  ■     molecular  action  to  take  place  and  giving  greater 

EeTtt  W^noSs'layl    Hence  the  work  of  a  filte.bed  is  partly 

""BTftlT-wtfof'tateria  iu  the  W  food  ,Baterial  is  used  up  and 
ijy  wie  eliminated  which  have  a  powerful  efi^ect  m 

L'restin.  tt  "o  tt^ia  U.rough  the  filter,   It  must  not  he  supposed 
sand  liter  wm  arrest  au  tv. 

S  dXo  rptSmpostd":,srs;       ...  up^r  system  which  arrested 

sistea  oi  uwu  oup  i  ^  fnrmed  bv  the  inferior  layers  of  the  bed, 
lircr^iufd:  r^a&high^  to^       materials  At  was  thought 

inferior  system  and  ^ad  n^       t^^^^^^^^^^  ^^^^      ^  ^^^^  ,1^, 

Lawience  expeni  i         ^^^^^^^^  ^^^^^^     g^^^^^^  filtration,  then 

evtn  i^^dJr  fSlScTr^m  cannot  give  absolute  protect  on  agauis 

Tter  toe  disease ;  but  if  the  rate  of  filtration  is  properly  controlled,  it  can 
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give  such  a  protection  that  in  practice  we  have  every  reason  to  be  satisfied 
with  it  (Koch). 

Eeservoirs  to  store  the  filtered  water  should  always  be  covered  so  as  to 
avoid  contamination  with  dust,  &c. 

Mechanicdl  Filters  have  been  devised  in  America  with  the  object  of 
accomplishing  a  "large  amount  of  work  within  a  small  compass  and  short 
time."  The  Morison  mechanical  filter  gives  a  rate  of  128,000,000  U.S. 
gallons  per  acre  per  day.  The  sand  used  in  the  mechanical  filter  is  of 
coarser  grain  than  in  the  London  filters,  and  the  enormous  rate  of  filtration 
is  maintained  by  the  frequent  washings  of  the  sand  bed  and  the  use  of 
alum  as  a  coagulant  to  quickly  form  on  the  surface  a  coagulum  which  takes 
the  place  of  the  slimy  layer  found  in  the  ordinary  sand  filter.  The 
machine  is  usually  a  tank  of  wood  or  metal,  in  which  the  bed  of  sand  is 
carried  on  a  system  of  screens  and  arranged  with  a  rake  or  agitator.  When 
the  sand  is  to  be  cleaned  the  rake  is  closely  revolved  and  a  reverse  current 
of  water  passed  through  the  sand.  The  water  to  be  treated  is  dosed  with 
alum,  and  about  a  pint  of  alum  having  been  allowed  to  run  on  to  the  bed, 
the  water  is  then  passed  in  and  filtered  in  the  ordinary  manner.  The 
average  reduction  of  bacteria  in  the  applied  water  by  this  process  appears 
to  be  about  98  per  cent.  Wlien  the  water  to  be  filtered  is  soft,  lime- 
water  is  used  in  the  pump- well,  thus  supplying  carbonate  of  lime  for  the 
alumina  to  act  upon. 

The  Fischer  Plaque  System,  also  invented  for  the  treatment  of  water  on 
the  large  scale,  has  been  in  operation  in  the  water-works  of  Worms  for  about 
four  years.  It  consists  of  plates  about  40  inches  square  and  8  inches  thick, 
made  of  a  mixture  of  clean  sharp  sand  and  finely  pulverised  glass.  This 
mixture,  when  fused,  may  be  given  any  desired  form,  and  upon  cooHng  forms 
a  porous  mass  through  which  water  is  filtered  under  a  head  of  3  to  4  feet. 
Each  so-called  hollow  brick  or  plaque  is  made  up  of  two  solid  plates  bolted 
on  to  a  frame  of  metal  with  which  the  plates  make  a  water-tight  joint  and 
leave  a  space  of  2  inches  in  the  centre.  The  hollow  plaques  are  set  on 
edge  in  two  tiers  in  a  suitable  reservoir  with  a  water  space  of  3  or  4  inches 
betAveen  adjacent  pairs  of  plates.  The  water  passes  through  the  3-inch 
thickness  of  plate  from  the  tank  to  the  cell  inside,  from  which  by  suitable 
pipes  it  is  drawn  off"  to  the  clear-water  reservoir.  The  suspended  matter  is 
intercepted  at  the  outer  surface  of  the  plates ;  when  the  rate  of  delivery 
becomes  too  low  the  current  of  water  is  reversed  and  filtered  water  passed 
tlirough  the  plate  from  within  outwards;  the  suspended  matter  is  thus 
waslied  away  and  flushed  from  the  tanks  by  a  hand  hose.  The  principle 
IS  the  same  as  the  Pasteur-Chamberland  and  Berkefeld  filters,  but  sterilisa- 
tion of  the  plaques  is  impracticable ;  the  only  way  of  cleaning  tliem  is  to 
reverse  the  current  of  water.  The  percentage  of  bacterial  purification 
appears  to  be  less  with  the  Fischer  than  the  sand  filter.  (Hill.) 

The  Sterilisation  of  Water  by  Ozone.— The  application  of  this  gas  to 
the  sterilisation  of  water  has  been  proposed  by  Ohlmuller,  Tindal,  and 
other  workers.  In  1898  Marmier  and  Abraham  devised  an  apparatus  for 
the  treatment  on  the  large  scale  of  water  supplied  to  the  town  of  Lille.  A 
commissi  on  appointed  to  investigate  the  ozone  treatment  reported  that  the 
results  obtained  were  superior  to  those  given  by  any  other  method  for  the 
treatment  of  water  on  the  large  scale.  When  the  water  was  treated  with 
ozone  equal  to  6  mgm.  per  litre  of  air  all  pathogenic  and  saprophytic 
microbes  were  destroyed  with  the  exception  of  the  B.  subtilis,  and  of  this 
organism  only  one  colony  appeared  per  15  c.c.  of  water  treated.  The  ozone 
treatment  increased  the  aeration  of  the  water  and  diminished  the  organic 
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matter  present;  the  nitrate,  were  unaffeeted.  '^'y)/,.^?^^'^.:^. 

1     lur  Lin  fhP  nines     Weyl  found  that  it  was  possible  to  convert  ^\ater 
rr^^^;  Irn^OO  ger.s  per  .e^  in^  a 

The  results  obtained  were  the  same  as  thox  met  witn  M  1^4,, 

^'^^^Xse  substances  have  been  abandoned,  xnore  -/^^  f^^^^^^^^ 
giving  less  — 

supply  be         ^'^'^  ^^^^^^^^^^^^  to  make  a  polluted  water  safe  for 

S  purposes  ^^Sy  pocess  of  Lple  filtration,  and  any  atten.pt  to  do 

'°  tomesti/Sers -When  water  is  supplied  by  a  public  company  for 
Domestic    uxerB     w  rv.  •         purified,  before  distribution,  so  as 

domestic  purposes  \t  sl^o^l^  be  suftc^^^^^^^^^  .^^  ^^^^.^^^  ^^^^^^^^.^ 

not  to  reqmre  filtration     Cncumstan^^^^^  ^^^^^^ 

filtration  IS  o  ten  a  ^^^^^f        ^^^^^^^^^  of  these  are,  animal 

or  used  for  his  purpose  ;A^mong^^;  ^der  1  ^^^^^^^  .^^^^  ^  ^^^^ 
and  vegetable  charcoal  in  gianules  oy^^^^^^  hematite  and 

silica  impregnated         ^f^'^f  ^^^^^^  spong/'iron,  manganic 

magnetic  iron  ores  *J^«J°-°"^^^^^  (natural  and  artificial),  &c. 

oxide,  flannel  ^P°"g!' JI^"' ^^^^^^^      to  be  one  of  the  best  filtering 

Animal  f Xnl;"^^^^^^^^^  that,  although  it  possesses 

materials.    Later  expeumunu  ,  .  j^ies  present  in  water,  it  does 

rSi:tturrtr  ^nSrS  aJdevelop^ent  Of  .icro- 
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organisms  in  the  water.  It  adds  both  phosphates  and  nitrates  to  water, 
which  form  a  nutritive  medium  for  bacteria.  Water  filtered  through 
animal  charcoal  rapidly  deteriorates  as  the  charcoal  yields  up  impurities  to 
water,  so  that  in  many  cases  the  Water  is  more  impure  after  it  has  passed 
through  the  filter  than  it  was  originally.  While  the  charcoal  attacks  and 
oxidises  the  putrefactive  organic  matters  in  solution,  it  permits  fresh  or  vital 
organic  matter  to  pass  through  unchanged.  On  the  whole,  there  is  perhaps 
no  material  more  unsuited  or  unsafe  to  use  as  a  filtering  medium  for 
potable  waters  than  animal  charcoal.  This  cannot  be  too  widely  known, 
as  it  is  still  advocated  in  many  standard  works  as  being  the  best  filtering 
material,  notwithstanding  the  fact  that  recent  methods  of  investigation 
have  shown  it  to  be  the  very  reverse. 

Doulton's  Manganous  Carbon  is  a  mixture  of  animah  charcoal  and 
black  oxide  of  manganese  :  the  manganese  dioxide  is  intended  to  act  as  an 
oxidiser. 

Garhalite  is  used  in  the  Royal  Navy.  It  is  said  that,  while  having  all 
the  purifying  powers  of  animal  charcoal,  from  the  absence  of  any  phosphate 
or  nitrogenous  animal  matter,  it  in  no  way  favours  the  growth  of  low 
forms  of  life.    It  is  used  in  Crease's  filters. 

Spencer's  Magnetic  Carbide  is  prepared  by  roasting  equal  parts  of  red 
haematite  ore  and  sawdust  in  a  retort;  the  resulting  carbide  of  iron  is 
crushed  and  mixed  with  sand  :  it  is  said  to  answer  well  for  filtering 
purposes. 

Spongy  iron  and  polarite  have  also  been  used  in  domestic  filtration. 
Beyond  a  little  iron,  spongy  iron  yields  nothing  to  water,  and  in  this  respect 
is  preferable  to  any  form  of  animal  charcoal. 

Sponge  has  a  considerable  effect  in  mechanically  arresting  suspended 
particles ;  it  is  apt  to  get  foul,  and  being  itself  an  organic  substance  ought  not 
to  be  used.  Asbestos  is  a  much  better  material  and 
can  be  easily  reburnt. 

The  experiments  of  Sims  Woodhead  and  Cart- 
wright  Wood  have  shown  that  filters  composed  of 
sihcated  carbon,  of  asbestos,  alone  or  combined  with 
charcoal,  and  of  stone  combined  with  charcoal,  cannot  • 
be  relied  uiion  to  give  a  germ-free  filtrate.  The 
Pagteur-Chamberland,  Berkef eld,  Porcelaine  D'Amiante, 
Pukall,  Duffs  natural  stone,  and  Slack  and  Brown- 
low's  unglazed  porcelain  filters  were  found  to  yield  a 
germ-free  filtrate,  and  give  absolute  protection  against 
water-borne  disease.  <; 

The  Chamberland  -  Pasteur  is  the  best  of  all 
domestic  filters.  Its  construction  is  very  simple,  for 
it  merely  consists  of  a  cylinder  of  unglazed  porcelain 
made  from  a  well-baked  kaolin  of  a  certain  degree  of 
porosity  and  hardness,  closed  above  and  terminating 
below  in  an  open  nozzle.  This  cylinder  is  inclosed 
in  a  metal  or  glass  jacket,  a  space  intervening  between 
the  two  above  and  at  the  sides,  while  below  they 
are  fixed  together  by  a  screw  tap,  with  an  opening 
in  the  centre  for  the  passage  of  the  nozzle.  The 
outer  cylinder  is  closed  above  except  where  it  joins  the  water-pipe  (fig.  1). 
The  water  passes  through  the  porcelain  from  without  inwards  and 
under  a  pressure  of  from  IJ  to  2|  atmospheres,  such  as  is  usually  present 
in  the  pipes  of  a  water  service,  issues  at  the  rate  of  about  three  quarts  per 
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hour.  These  filters  can  be  easily  cleaned  by  brushing  under  a  stream  of 
hot  water,  and  afterwards,  if  deemed  desirable,  by  submitting  them  to 
the  action  of  steam,  or  by  heat  applied  direct  from  a  spirit  lamp  or  Bunsen- 
burner.  This  filter  is  most  efficacious  in  removing  the  finest  suspended 
matters,  and  all  micro-organisms  are  stopped  by  it.  ^    a -o 

The  Berkefeld  filter  is  on  the  same  principle  as  the  Chamberland-i  asteur  : 
it  is  made  of  infusorial  earth,  which  is  somewhat  soft  and  friable  and  liable 
to  fracture.  This  filter  possesses  distinct  sterilising  action,  as  it  is  capable 
of  removing  bacteria  from  samples  of  water  and  other  impure  liquids  passed 
through  it.    Each  bougie  dehvers  from  116  to  144  pints  per  hour  under  a 

pressure  of  24  lbs.  , ,  . 

men  the  output  becomes  diminished  it  is  readily  cleaned  by  rubbing 
the  surface  with  a  brush  under  a  running  tap.  In  this  process  a  very  thin 
layer  of  filtering  material  is  removed  with  the  deposit,  but  a  bougie  alter 
being  in  use  for  four  years,  and  presenting  a  worn  and  irregular  surface  from 

repeated  cleaning,  still  com- 
pletely prevented  the  pas- 
sage of  micro  -  organisms. 
When    the  Chamberland 
and  Berkefeld  bougies  are 
used   as  tap-filters  under 
pressure,  also  as  non-pres- 
sure filters,  it  is  found  that 
after   a   few   days  water 
organisms    penetrate  into 
the  filtrate.      The  exact 
time  taken  for  the  organ- 
isms to  grow  through  the 
bougies  depends  chiefly  on 
the  temperature.    In  most 
cases  the  water  organisms 
appear  in  the  filtrate  on 
the  fourth  day  in  the  case 
of  the  Chamberland  bougie, 
and   on   the  second  day 
in  the  case  of  the  Berkefeld 
bougie ;     but  sometimes, 
when  the  temperature  of 
the  room  is  low,  they  do 
even  later.  Fortunately, 


Tig.  2. 
till  the  ninth  or 


not  appear  tiU  the  ninth  or  tenth  day,  or 

under  natural  conditions  neither  typhoid  nor  cholera  bacilh  appear  able 
to  grow  through  a  bougie  in  the  same  mamier  as  the  water  organisms. 
Griiber's  experiments  showed  that  if  broth  be  added  to  the  water  the 
bacilli  will  be  found  in  the  filtrate;  but  under  natural  conditions  even 
hi'dilv  polluted  waters  do  not  seem  to  supply  the  conditions  necessa,ry 
to°  enable  either  the  B.  typhosus  or  S.  cholera;  to  grow  through  _  the 
walls  of  either  the  Chamberland  or  Berkefeld  bougie.  The  pores  m  a 
nerfect  filter  are  never  smaller  than  the  diameter  of  a  bacillus  It  is  there- 
fore supposed  that  micro-organisms  are  arrested  in  the  pores  of  the  material 
bv  a  species  of  molecular  attraction,  and  remain  there  unless  the  conditions 
are  such  as  to  enable  the  organisms  to  grow  out  in  filaments  until  they  arrive 
at  the  inner  surface  of  the  filter.  The  differences  m  the  action  of  the 
various  filters  appear  to  be  due  to  the  size  of  the  pores.  Suns  Woodhead 
and  Cartwright  Wood's  investigations  showed  that  the  Chamberland  filter 
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had  a  devitalising  action  on  many  of  the  water  organisms.  The  same 
action  was  not  produced  by  the  Berkefeld  filter,  which  appears  to  have 
the  largest  pores  amongst  the  efficient  filters.  The  Porcelain  d'Amiante 
filter  possesses  the  finest  pores,  but  its  rate  of  filtration  is  too  slow  for 
domestic  use. 

It  is  the  duty  of  every  sanitary  officer  to  critically  examine  every  filter 
coming  under  his  notice  in  respect  of  possible  sources  of  inefficiency.  The 
application  of  the  bacteriological  test  is  the  only  adequate  safeguard  against 
the  continued  use  of  foul  and  dangerous  filters. 

The  filter  shown  in  fig.  2  has  been  extensively  used  in  the  army.  It 
consists  of  a  Berkefeld  bougie,  about  6  inches  long  by  2J  inches  wide, 
which  is  placed  in  a  metal  receptacle.  Water  is  forced  through  the  bougie 
by  means  of  a  rotatory  pump,  which,  wlien 
worked  steadily,  produces  an  output  of  58 
gallons  per  hour.  An  air  chamber  is  interposed 
between  the  pump  and  the  chamber  containing 
the  bougie ;  as  a  result  of  this  arrangement  an 
even  pressure  is  kept  up  on  the  bougie,  and  the 
filtered  Avater  is  delivered  in  a  perfectly  steady 
stream. 

Another  filter  manufactured  by  Slack  and 
Brownlow,  which  is  made  on  the  same  pattern  as 
the  Berkefeld  filter,  was  carefully  examined  at 
Netley,  and  found  to  produce  a  germ-free  filtrate. 
In  both  filters  a  single  large  bougie  is  used,  as  in 
all  our  experiments  it  was  found  that  multipli- 
cation of  bougies,  and  therefore  of  joints,  was 
extremely  undesirable.  The  weak  point  in  all 
these  filters  is  the  junction  of  the  filtering-cone 
with  the  metal  cap  of  the  receptacle.  This  joint 
must  always  be  carefully  tested  by  air  under 


pressure,  and  if  any 


of  leakage  appear,  a 


Fig.  3. 


bacteriological  test  must  be  at  once  applied. 

Search  after  Water.^ — Occasionally  a  medical 
officer  may  l^e  in  a  position  in  which  he  has  to 
search  for  water.  Few  precise  rules  can  be  laid 
down. 

On  a  plain,  the  depth  at  which  water  wiU  be 
found  Avill  depend  on  the  permeability  of  the  soil 
and  the  depth  at  which  hard  rock  or  clay  will 
hold  up  water.  The  plain  should  be  well  sur- 
veyed ;  and,  if  any  part  seems  below  the  general 
level,  a  well  should  be  sunk,  or  trials  made  with 
Norton's  tube-wells  (fig.  3).  The  part  most  covered  with  herbage  is  likely  to 
have  the  water  nearest  the  surface.  On  a  dry  sandy  plain,  morning  mists  or 
swarms  of  insects  are  said  sometimes  to  mark  water  below.  Near  the  sea, 
water  is  generally  found ;  even  close  to  the  sea  it  may  be  fresh,  if  a  large 
body  of  fresh  water  flowing  from  higher  ground  holds  back  the  salt  water. 
But  usually  wells  sunk  near  the  sea  are  brackish ;  and  it  is  necessary  to 
sink  several,  passing  farther  and  farther  inland,  till  the  point  is  reached 
where  the  fresh  water  has  the  predominance. 

Among  the  hills  the  search  for  water  is  easier.  The  hills  store  uj)  water 
which  runs  off  into  plains  at  their  feet.  Wells  should  be  sunk  at  the  foot 
of  hills,  not  on  a  spur,  but,  if  possible,  at  the  lowest  point ;  and  if  there 
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are  any  indications  of  a  water-course,  as  near  there  as  possible.  In  the 
valleys  among  hills  the  junction  of  two  long  valleys  will,  especially  if  there 
is  any  narrowing,  generally  give  water.  The  outlet  of  the  longest  valleys 
should  be  chosen,  and  if  there  is  any  trace  of  the  junction  of  two  water- 
courses, the  well  should  be  sunk  at  their  union.  In  a  long  valley 
with  a  contraction,  water  should  be  sought  for  on  the  mountain  side  of  the 
contraction.  In  digging  at  the  side  of  a  valley,  the  side  with  the  highest 
hill  should  be  chosen. 

Before  commencing  to  dig,  the  country  should  be  as  carefully  looked 
over  as  time  and  opportunity  permit,  and  the  dip  of  the  strata  made  out  if 
possible.  A  little  search  will  sometimes  show  which  is  the  direction  of  fall 
from  high  grounds  or  a  watershed. 

If  moist  ground  only  is  reached,  the  insertion  of  a  tube,  pierced  with 
holes,  deep  in  the  moist  ground,  will  sometimes  cause  a  good  deal  of  water 
to  be  collected.  The  Norton  tube-well  gave  satisfaction  in  Abyssinia, 
although  it  did  not  succeed  so  well  in  Ashantee.  It  was  also  used 
with  some  success  in  the  Soudan,  1884.  This  pump  will  yield  about  7 
oallons  per  minute.  A  common  pump  will  raise  the  water  in  it  if  the 
depth  be  not  more  than  24  or  26  feet;  if  deeper,  a  special  force  pump 
has  to  be  used. 


EXAMINATION  OF  WATER  FOR  HYGIENIC  PURPOSES. 

The  analysis  of  water  for  hygienic  purposes  has  for  its  object  to  ascertain 
whether  the  water  contains  any  substances,  either  suspended  or  dissolved, 
which  are  likely  to  be  hurtful.  There  are  some '  substances  which  we  know- 
are  not  Ukely  to  do  any  harm,  such  as  carbonate  of  sodium,  calcium,  and 
magnesium  in  small  quantities.  Others  are  at  once  viewed  with  suspicion 
as  indicating  an  animal  origin,  and  therefore  being  probably  derived  from 
habitations  or  resorts  of  men  or  animals,  or  from  decaying  bodies.  In  other 
cases,  substances  in  themselves  harmless,  such  as  nitrates,  nitrites,  and  am- 
monia, are  suspicious  from  implying  the  coexistence  of,  or  the  previous 
contamination  of  the  water  by,  nitrogenous  substances. 

In  addition  to  these  purely  chemical  bodies,  all  waters  contain  a  greater 
or  less  number  of  micro-organisms.  The  greater  number  of  these  are 
absolutely  innocuous,  while  some  others  may  be  the  essential  causative 
agents  of  disease.  Unfortunately  the  chemical  conditions  of  a  water  sample 
are  not  always  indicative  of  the  extent  and  nature  of  its  contained  bacteria; 
for  at  times,  a  water  may  be  found  to  be  chemically  free  from  organic 
pollution,  and  yet  contain  a  sufficient  number  of  pathogenic  micro-organisms 
to  crive  rise  to  distinct  disease  processes  in  those  consuming  it;  on  the  other 
hand,  a  water  sample  may,  from  chemical  evidence,  be  deemed  organically 
impure,  and  yet,  by  virtue  of  not  containing  any  but  noivpathogenic  micro- 
organisms, be  incapable  of  disease  production.  The  difficulties,  therefore 
in  the  hygienic  examination  of  a  water  sample  are  not  inconsiderable  and 
a  iudgnient  will  be  only  correctly  arrived  at  from  a  collation  of  aU  the 
Bvide^ce,  rather  than  from  the  results  of  one  or  two  tests.  The  purely 
chemical  evidence  must  be  considered,  as  a  rule,  in  conjunction  with  the 
bacteriological;  for  while  the  former,  by  informing  us  of  the  amount  of 
organic  matter  present  in  water,  places  in  our  hands  evidence  of  its 
dangerous  or  suspicious  nature,  in  that  it  is  either  open  _  to  sources  of 
infective  disease  (microbes),  or  that  the  presence  of  organic  matter  may 
peiliaps  render  the  water  a  most  suitable  medium  for  the  growth  of  patho- 
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genie  organisms,  should  these  gain  access  to  it,  it  is  only  the  bacteriological 
evidence  wliich  can  actually  say  whether  these  sources  of  danger  are  truly 
absent  or  not.  Tliis  statement  of  the  case  must  not  be  taken  to  imply  )that 
mere  chemical  data  are  valueless  as  a  means  of  forming  a  hygienic  opinion  ; 
on  the  contrary,  they  constitute  in  the  majority  of  cases  practically  the  only 
facts  upon  which  an  opinion  can  be  based,  as,  in  the  present  state  of  our 
knowledge,  exact  bacteriological  examinations  of  water  occupy  days  or 
weeks,  while  a  chemical  analysis  is  rapidly  performed.  As,  in  the  greater 
number  of  instances,  a  definite  opinion  is  wanted  without  delay,  a  chemical 
analysis  is  still  an  important  procedure,  tliough  necessarily  incomplete  unless 
supported  by  a  biological  investigation. 

The  examination  of  water,  for  hygienic  purposes,  may  be  conveniently 
considered  under  the  general  headings  of  (1)  its  physical  characters,  (2)  its 
quahtative  chemical  examination,  (3)  its  quantitative  chemical  analysis,  (4) 
the  microscopical  examination  of  its  suspended  matters,  and  (5)  its  bacterio- 
logical examination.  Preliminary  to  these  discussions  may  be  considered 
the  proper  precautions  to  be  taken  with  regard  to  collection  of  samples, 
while  as  a  necessary  corollary  and  conclusion  to  them  will  follow  a  statement 
as  to  the  interpretation  of  results. 

Collection  of  Samples. — Great  care  must  be  taken  that  a  fair  sample  of 
the  water  is  collected  in  perfectly  clean  glass  vessels  (not  in  earthenware 
jars) — Winchester  quarts,  which  hold  about  half  a  gallon,  and  can  be 
obtained  of  most  chemists,  are  most  convenient ;  they  should  be  repeatedly 
washed  out  with  some  of  the  water  to  be  examined.  In  taking  water  from 
a  stream  or  lake,  the  bottle  ought  to  be  plunged  below  the  surface  before  it 
is  filled.  In  drawing  from  a  pipe  a  portion  ought  to  be  allowed  to  run 
away  first,  to  get  rid  of  any  impurity  in  the  pipe.  In  judging  of  a  town 
supply,  samples  should  be  obtained  direct  from  the  mains,  as  well  as  from 
the  houses.  The  bottle  should  be  stoppered;  a  cork  should  be  avoided, 
except  in  great  emergency,  but  if  used  it  should  be  quite  new,  well  tied 
down,  and  sealed.  No  luting  of  any  kind  (such  as  linseed  meal  and  the 
Uke)  should  be  used. 

For  a  complete  sanitary  investigation  half  a  gallon  is  necessary,  but  with 
a  litre  or  a  couple  of  joints  a  pretty  good  examination  can  be  made  if  more 
cannot  be  obtained.  If  a  detailed  mineral  analysis  is  required  (which  wiU 
only  be  seldom)  a  gallon  ought  to  be  provided.  It  is  always  advisable  to 
have  a  good  supply  in  case  of  breakage  or  accident ;  two  Winchester 
quarts  of  each  sample  will  generally  be  found  suificient.  The  examina- 
tion ought  to  be  undertaken  immediately  after  collection,  if  possible. 
If  this  cannot  be  done,  then  as  short  a  time  as  may  be  should  be  allowed 
to  elapse  for  changes  in  the  most  important  constituents  take  place  with 
great  rapidity.  Pending  examination,  it  ought  to  be  kept  in  a  dark  cool 
place. 

The  fullest  information  ought  always  to  be  furnished  with  the  sample, 
the  following  being  the  most  important  particulars  : — 

(a)  Source  of  the  water,  viz.,  from  tanks  or  cisterns,  main  or  house 

pipe,  spring,  river,  stream,  lake,  or  well. 
{b)  Position  of  source,  strata  so  far  as  they  are  known. 

(c)  If  a  well ;  depth,  diameter,  strata  through  which  sunk,  Avhether  im- 

perviously steined  in  the  upper  part,  and  how  far  down.  Total 
depth  of  well  and  depth  of  water  to  be  both  given.  If  the  well  be 
open,  furnished  with  cover,  or  with  a  pump  attached. 

(d)  Possibiliby  of  impurities  reaching  the  water  :  distance  of  well  from 

cesspools,  drains,  middens,  manure  heaps,  stables,  &c. ;  if  drains  or 
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sewers  discharge  into  streams  or  lakes ;  proximity  of  cultivated 

land.  •  f  \ 

(e)  If  a  surfa,ce-water  or  rain-water,  nature  of  collecting  surtace  ana 

conditions  of  storage. 

(/)  Meteorological  conditions,  with  reference  to  recent  drought  or  exces- 
sive rainfall.  , 

(g)  A  statement  of  the  existence  of  any  disease  supposed  to  be  connected 
with  the  water-supply,  or  any  other  special  reason  for  requiring 

analysis.  .  , 

Any  further  information  that  can  be  obtained  will  always  be  usetul. 
Each  bottle  should  also  be  distinctly  labeUed,  so  as  to  correspond  with  the 
official  letter  or  invoice. 

When  it  is  possible,  it  is  most  desirable  that  the  medical  olhcer  or 
analyst  should  visit  the  locality  itself  whence  the  water  is  obtained  ;  m  this 
way  he  may  obtain  information  which  might  otherwise  escape  him.  it  tHe 
analysis  can  be  made  immediately  on  the  spot,  it  will  be  aU  the  more 

^^^^Physical  Examination.— This  will  have  reference  to  the  following 
points,  and  affords,  at  times,  valuable  prehminary  information  as  to  any  " 

given  sample.  .  ^  ,      . .i  „„j 

Colour.— This  may  be  judged  of  by  allowing  any  sediment  to  settle,  and 
then  pouring  off  the  supernatant  water  into  a  taU  glass  placed  upon  a  piece 
of  white  paper.  Or  a  horizontal  tube  of  colourless  glass  with  glass  ends 
may  be  used.  The  stratum  should  be  of  sufficient  thickness,  if  possible 
hoo  oT  three  feet,  but  a  fair  idea  of  the  colour  may  be  obtamed  with  1« 
inches  or  even  a  foot.  The  Society  of  Pubhc  Analysts  reconimends  24 
inches.  If  a  tube  be  used,  it  may  either  be  half  f uU,  and  the  tint  compared 
with  the  colour  of  the  air  in  the  upper  half  when  directed  against  a  weU 
iUuminated  white  surface ;  or,  better  still,  it  may  be  filled,  and  the  compari- 
son made  with  a  second  tube  placed  alongside,  containing  pure  distiUed 
water.  Perfectly  pure  water  has  a  bluish  tint,  but  most  ordinary  waters 
have  either  a  greyish,  greenish,  yellow,  or  brown  appearance.  The  best 
samples  are  those  coloured  bluish  or  greyish.  Green  waters  owe  their 
colour  to  vegetable  matter,  chiefly  unicellular  aZ^ce,  and  are  usually 
harmless.  Yellow  or  brown  waters  are  most  to  be  feared,  as  their  coloui 
is  often  due  to  animal  organic  matter,  chiefly  sewage.  It  is  some- 
times however,  owing  to  vegetable  matter,  such  as  peat  and  under  these 
crumstris  it  is  not  generally  hurtful.  It  may  also  be  caused  by  salts 
of  iron,  although  in  most  cases  the  ii-on  is  precipitated  as  ferric  oxide  m  the 

'''^'Seamm.-The  presence  or  absence  of  turbidity  may  be  judged  of  in 
the  same  way  as  the  colour,  only  the  water  should  be  shaken  up,  so  as  to 
UstXte  the  suspended  matter  and  simulate  its  condition  when  drawn. 
The  depth  necessaiy  to  obscure  printed  matter  may  be  used  as  a  measure 
Occasionally  water'  remains  ha.y  or  turbid  even  after  standing  for  some 
Se;  in  such  a  case  the  suspended  matter  is  m  very  fine  division 
such  as  is  sometimes  found  with  sulphate  of  calcium,  minute  scales  of 

'^'''seS^nent.-The  nature  of  the  sediment  may  be  roughly  judged  of  by 
the  eye  a  to  whether  it  is  mineral  or  vegetable,  or  stained  with  iron  or  the 
1  ke    The  larger  living  forms,  such  as  Anguilhdcv,  water-fleas,  leeches,  &c 
may  also  be  detected.    But  the  only  satisfactory  examination  is  to  be  made 

'''''\tV:-Z''lst^^  or  brilliancy  (^dat)  has  been  recommended  as  a 
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Grains 

Parts 

per  gallon. 

per  100,000. 

75 

107 

20 

29 

50  to  55 

71  to  79 

25  to  30 

36  to  43 

10  to  12 

U  to  17 

15  to  20 

21  to  29 

60  to  65 

86  to  93 

0-2 

0-28 

good  physical  indication  of  the  amount  of  aeration  (G(^rardin).  The  differ- 
ent degrees  may  be  noted  in  any  convenient  way,  such  as  nil,  dull,  vitreous, 
adamantine,  which  is  an  ascending  scale  from  zero  to  the  maximum  bright- 
ness. 

Taste. — Taste  is  an  uncertain  indication.  Any  badly  tasting  water 
should  be  rejected  or  purified  before  use.  Suspended  animal  organic 
matters  often  give  a  peculiar  taste,  so  also  vegetable  matters  in  stagnant 
waters.  Some  growing  plants,  as  lemna  and  pistia,  give  a  bitter  taste  ;  but 
most  growing  plants  have  no  taste.  Dissolved  animal  matter  is  frequently 
quite  tasteless.  As  regards  dissolved  mineral  matters,  taste  is  of  little  use, 
and  differs  much  in  different  persons.    On  an  average — 


Sodium  chloride  is  tasted  when  it  reaches 

Potassium    ,,  ,, 
Magnesium  ,,  » 

Calcium  sulphate  ,, 
carbonate 

,,       nitrate  ,, 

Sodium  carbonate  ,,  i, 

Iron  ,,  ,,  )) 

Iron  is  thus  the  only  substance  which  can  be  tasted  in  very  small 
quantities.  A  permanently  hard  water  has  sometimes  a  peculiar /ac/e,  or 
slightly  saline  taste,  if  the  total  salts  amount  to  35  or  40  grains  per  gallon 
(50  to  57  parts  per  100,000),  and  the  calcium  sulphate  amounts  to  6  or  8 
grains  (8-6  to  11-4  per  100,000).  The  taste  of  good  drinking  water  is  due 
entirely  to  the  gases  dissolved ;  water  nearly  free  from  carbonic  acid  hard- 
ness, such  as  distilled  water,  is  not  so  pleasant  as  the  brisk,  well-carbonated 
waters ;  it  may  be  called  flat,  but  it  is  difficult  to  define  the  kind  of  taste 
or  absence  of  it. 

Smell. — The  water  may  be  warmed  or  distilled,  when  the  odour  of  fsecal 
matter  is  often  brought  out  clearly  both  in  the  distillate  and  residue.  If 
the  water  is  put  in  a  stoppered  bottle,  which  it  half  fills,  and  is  exposed  to 
light,  and  then  opened  and  smelt  after  a  few  days,  commencing  putrefac- 
tion, or  the  formation  of  butyric  acid,  or  something  similar,  can  sometimes 
be  detected.  Tiemann  recommends  that  the  water  should  be  heated  to 
110°  or  120°  F.  (42°  to  49°  C.) ;  if  hydrogen  sulphide  be  present,  add  a 
little  copper  sulphate,  which  precipitates  it,  and  permits  any  putrid  smell 
to  be  perceived. 

The  Society  of  Public  Analysts  recommends  heating  the  water  in  a 
wide-mouthed  stoppered  bottle  to  100°  F.  (38°  C).  This  may  be  done  by 
immersing  it  in  warm  water.  Any  particular  smell  should  be  recorded,  if 
distinctly  recognised, — with  its  degree  of  intensity,  such  as  nil,  very  sliglit, 
slight,  marked,  &c.,  as  the  case  may  be.  Sometimes  an  offensive  smell  is 
detected  on  boiling,  which  is  not  otherwise  perceived. 

Although  the  physical  characters  give  only  an  imperfect  idea  of  the 
value  of  a  water,  they  are  yet  important  when  no  further  examination  can 
be  made.  If  a  water  be  colourless,  clear,  free  from  suspended  matter,  of  a 
brilliant  (or  adamantine)  lustre,  devoid  of  smell  or  taste,  except  such  as  is 
recognised  to  be  the  characteristic  of  good  potable  water,  we  shall  in  the 
large  majority  of  cases  be  justified  in  pronouncing  it  a  good  and  wholesome 
water ;  whilst,  according  as  it  deviates  from  these  characters,  we  shall  be 
proportionately  justified  in  regarding  it  with  suspicion.  Suspended  matter 
is  probably  the  most  dangerous,  and,  when  in  the  form  of  disease-CEUising 
micro-organisms,  exists  without  revealing  itself  by  any  visible  turbidity,  or 
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even  to  any  ordinary  microscopic  examination.  Bacteria  can  only  be 
detected  by  biological  examination  :  nor  must  we  shut  our  eyes  to  the 
possibility  of  hurtful  dissolved  substances,  so  that  when  our  opinion  of  a 
water  is  based  only  on  its  physical  characters,  the  fact  ought  to  l^e  duly 

recorded.  „  ,        rr,,  i  -u 

Qualitative  Chemical  Examination  of  Water.— The  sample  may  be 
either  at  once  treated,  or,  in  the  case  of  some  constituents,  a  portion  of  it 
should  be  concentrated  by  evaporation. 


Water  not  Concentrated. 


Substance  sought 
for. 

Beagenta  to  be  used,  and  effects. 

Eemarks. 

Reaction. 

Litmus  and  turmeric  papers ; 
usual  red  or  brown  re- 
actions. 

Usually  neutral.    If  acid,  and  acidity 
disappears  on  boiling,  it  is  due  to  car- 
bonic acid.    If  alkaline,  and  alkalinity 
disappears  on  boiling,  to  ammonia 
(rare).     If  permalnently  alkaline,  to 
sodium  carbonate. 

Lime. 

Oxalate  of  Ammonium. 
White  precipitate. 

Six  grains  per  gallon  (9  per  100,000) 
give  turbidity  ;  sixteen  grains  (23  per 
100,000)  considerable  precipitate. 

Chlorine. 

Nitrate  of  Silver  and  dihde 

nitric  acid. 
White  precipitate,  becoming 

lead  colour. 

One  grain  per  gallon  (1-4  per  100,000) 
gives  a  haze  ;  four  grains  per  gallon  (6 
per  100,000)  give  a  marked  turbidity  ; 
ten  grains  (14  per  100,000)  a  consider- 
able precipitate. 

Sulphuric 
Acid. 

Chloriae    oj    jsaiiv/in  auu 

dihde  hydrochloric  acid. 
White  precipitate. 

One-and-half  grain  (2  per  100,000)  of 
sulphate  give  no  precipitate  until  after 
standing  ;  three  grains  (4  per  100,000) 
give  an  immediate  haze,  and,  after  a 
time,  a  slight  precipitate. 

Nitric  Acid.* 

Ermine  solution  and  ^hm'c 

sulphuric  acid. 
A  pink  and  yellow  zone. 

The  sulphuric  acid  should  be  poured 
gently  down  to  form  a  layer  under 
the  mixed  water  aud  brucine_  solu- 
tion ;  half  a  grain  of  nitric  acid  per 
gallon  (  =  0-7  per  100,000)   gives  a 
marked  pink  and  yellow  zone  :  or,  as 
recommended  by  Nicholson,  2  c.c. 
of  the  water  may  be  evaporated  to 
dryness  ;  a  drop  of  pure  sulphuric  acid 
and  a  minute  - crystal  of  brucine  be 
dropped  in;   O'Ol  grain   per  gallon 
(  =  0-0143  per  100,000)  can  be  easily 
detected. 

*  This  test  is  quite  unreliable  in  the  presence  of  nitrous  acid  ;  but  by  adding  a  few 
drons  of  sSiric  acid  and  a  knife-point  full  of  pure  urea  (free  from  nitric  acid  to 
100  c  c  of  the  water  and  allowi.ig  the  sample  to  stand  for  an  hour  at  the  temperature 
jrthVrooin  t\o  nitrous  acid  wiU  be  destroyed  according  to  the  following  reaction  .- 

CO(NH2)2-l-2HNOa  =  C0.2+2N2-)-3H20. 

Tl,c  brucine  test  can  then  be  applied  for  the  detection  of  the  nitric  acid  which  is 
unaffected  (Crookos).      .  . 


QUALITATIVE  EXAMINATION  Or  WATm.. 
Water  not  Concentrated — continued. 


Substance  sought 
for. 


Nitrous  Acid. 


Ammonia. 


Iron. 


Lead. 


Zinc. 


Reagents  to  be  used,  and  effects. 


Hydrogen 
Sulphide. 

Oxidisable 
matter,  in 
eluding  or- 
ganic matter. 


Oxidisable 
matter,  in- 
cluding or- 
ganic matter. 

Lead  or  cop- 
per. 


Eemarks. 


Iodine  of  Potassium  and 
starch  in  solution  and  di- 
lute sulphuric  acid. 

An  immediate  blue  colour. 


Solution  of  meta-phcnylene- 
diamine  and  dilute  sul- 
phuric acid  (Griess's  test) 
— a  yellow  colour  more  or 
less  immediate  according 
to  amount  of  nitrous  acid. 

Nessler's  solution. 
A  yellow  colour  or  a  yellow- 
brown  precipitate. 

Red  and  yellow  prussiates  of 

potash  and  dilute  SCI. 
Blue  colour. 

A  salt  of  lead. 
Black  precipitate. 

Gold  chloride. 

Colour  varying  from  rose- 
pink  through  violet  to 
olive ;  a  dark  violet  to 
black  precipitate. 


Note  the  darkening  of  the 
silver  chloride  in  testing 
for  chlorine. 


Ammonium,  sulphide.  Dai-k 
colour,  not  cleared  up  by 
hydrochloric  acid. 


Small  crystals  of  potassium 
bichromate  give  a  tur- 
bidity. 


Render  water  slightly  am- 
moniacal ;  boil ;  filter  ;  a 
few  drops  of  potassuim 
ferrocyanide  give  a  haze 
to  white  yn'ecipitate. 

Hydro(jen  sulphide  gives  a 
white  precipitate. 


Add  the  solution  of  iodide  of  potassium 
and  starch,  and  then  the  acid  ;  the 
blue  colour  should  be  immediate ; 
make  a  comparative  experiment  with 
distilled  water. 

This  is  a  very  delicate  test ;  a  yellow 
colour  will  appear  in  the  water  in 
half  an  hour,  if  there  be  only  one 
part  of  nitrous  acid  in  10,000,000  of 
water. 


If  in  small  quantity,  several  inches  in 
depth  of  water  should  be  looked  down 
through  on  a  white  ground. 

The  red  for  ferrous  and  the  yellow  for 
ferric  salts. 


When  the  water  is  heated  the  smell  of 
hydrogen  sulphide  may  be  perceptible. 

The  water,  which  should  be  neutral  or 
feebly  acid,  must  be  boiled  for  20 
minutes  with  the  gold  chloride.  If 
no  nitrous  acid  be  present,  the  re- 
action may  generally  be  considered 
due  to  organic  matter. 

Compare  with  a  precipitate  produced  in 
a  pure  solution  of  a  chloride. 


Place  some  water  (100  c.c.)  in  a  white 
dish,  and  stir  up  with  a  rod  dipped  in 
ammonium  sulphide  ;  wait  till  colour 
produced,  then  add  a  drop  or  two  of 
hydrochloric  acid.  If  the  colour  dis- 
appears, it  is  due  to  iron  ;  if  not,  to 
lead  or  copper. 

One-tenth  grain  per  gallon  gives  an 
immediate  turbidity  ;  one-twentieth 
grain  per  gallon  after  one  minute  ; 
one-fiftieth  grain  per  gallon  after  half 
an  hour. 

The  filtrate  must  be  quite  clear  before 
the  ferrocyanide  is  added. 


This  reaction  is  not  available  if  iron  be 
present  or  if  the  water  be  ncid  or 
alkaline. 
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WATER. 

Water  Concentrated  to  -^th  (in  a  porcelain  dish). 


Substance  sought 
for. 

Reagents  to  be  used,  and  effects. 

Bemarks. 

Magnesia. 

Oxalate  of  ammoniimn  to  pre- 
cipitate lime,  then  after  fil- 
tration a  few  drops  of  phos- 
phate of  sodium,  chloride 
of  avimonmm,  and  of  Uq. 
ammonice.     A  crystalline 
precipitate  in  24  hours. 

A  precipitate  forms  in  24  hours,  and 
is  the  triple  phosphate  either  m  the 
shape  of  prisms  or  in  feathery  crystals. 

Phosphoric 
Acid. 

Molyhdate  of  ammonium  and 

dilute  nitric  acid. 
A    well  -  marked  yellow 

colour,  and  on  standing  a 

precipitate. 

Add  the  nitric  acid,  and  stir  with  a 
glass  rod,  then  add  twice  the  quantity 
01  moiy DuaitJ  ciijli  uuii. 

Nitric  Acid. 

Brucinc  test. 

If  the  nitric  acid  is  in  small  quantity, 
it  may  not  be  detected  in  the  uncon- 
centrated  water. 

Silicic  Acid. 

Evaporate     to  dryness, 
moisten  with  strong  hy- 
drochloric    acid ;  after 
standing,  add  boiling  dis- 
tilled  water ,  pom  on  uuiu  , 
dry,   ignite ;    repeat  the 
treatment  with  hydrochlo- 
ric acid  and  water  ;  dry, 
ignite  again,  and  the  re- 
sidue is  silica,  or  silicate 
of  aluminum. 

The  residue  may  be  weighed,  and  thus 
the  silica  determined  quantitatively. 
A  little  clay  or  oxide  of  iron  will  be 
sometimes  mixed  with  it. 

Lead  or  cop- 
per. 

Arsenic. 

As  before. 

Marsh's  or  EeinscKs  tests. 

If  quantity  be  very  small. 

Water  should  be  rendered  alkaline  with 
sodium  carbonate  before  concentration, 
then  acidulated  with  hydrochloric  acid. 

Zinc. 

17     n^no  fa  fA  i^TVTipRR  *  treat 
jjiVaporate  to  uij^iico»  ,  i<ic»u 

residue  with  caustic  potash 
or  ammonia,  filter  and  test 
filtrate  with  hydrogen  sul- 
phide ;  a  white  precipitate 
falls. 

This  is  necessary  if  the  quantity  be 
small,  or  if  iron  be  present. 

Ill  the  preceding  qualitative  tests,  all  the  reagents  may  be  deemed  to  be 
saturated  solutions,  except  the  dilute  acids,  Nessler's  reagent,  brucine  and 
gold  chloride  solutions,  iodide  of  potassium  and  starch  solution  and  the 
meta-phenylencdiamine  solution.  ^    .   ^  • ,  i.  n 

The  dilute  acids  are  best  prepared  by  adding  1  part  of  strong  acid  to  9 

of  distilled  water.  ,  •    i  ,  ,         /  «o\ 

The  Nessler's  reagent  will  be  more  fully  explained  later  on  (page  73). 
The  brucine  and  gold  chloride  solutions  are  made  by  dissolving  1  gramme 

of  each  respectively  in  1  litre  of  distilled  water. 

The  potassic  iodide  and  starch  solution  is  made  by  boihng  20  grammes 

of  starch  intimately  mixed  with  half  a  litre  of  distilled  water,  filtering  when 

cold,  and  adding  1  gramme  of  potassium  iodide. 


INFEKENCES  FROM  QUALITATIVE  TESTS. 
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The  meta-plienylenediamine  solution  is  described  on  page  77. 
Inferences  from  the  Qualitative  Tests. — Sometimes  no  time  can  be 
criven  for  quantitative  determinations,  and  the  qualitative  tests  are  the  only 
means  available  by  wliich  the  questions  so  constantly  put,  whether  a  water 
is  wholesome  or  not,  can  be  in  some  degree  answered. 

If  chlorine  be  present  in  considerable  quantity,  it  either  comes  from 
strata  containing  chloride  of  sodium  or  calcium,  from  impregnation  with  sea- 
water  or  from  admixture  of  liquid  excreta  of  men  and  animals.  In  the 
first  case  the  water  is  often  also  alkaline,  from  sodium  carbonate ;  there  is 
an  absence,  or  nearly  so,  of  oxidised  organic  matters,  as  indicated  by  nitric 
and  nitrous  acids  and  ammonia,  and  of  organic  matter  ;  there  is  often  much 
sulphuric  acid.  These  characters  are  common  in  deep-well  waters.  If  it  be 
from  calcium  chloride,  there  is  a  large  precipitate  with  ammonium  oxalate 
after  boiling.  If  the  chlorine  be  from  impregnation  with  sea-water,  it  is 
often  in  very  large  quantity  ;  there  is  much  magnesia,  and  little  evidence  of 
oxidised  products  from  organic  matters.  If  from  sewage,  the  chlorine 
is  marked,  and  there  is  coincident  evidence  of  nitric  and  nitrous  acids 
and  ammonia,  and  sometimes  phosphoric  acid;  and  if  the  contamination 
be  recent,  of  oxidisable  organic  matters.  A  stream  fouled  by  animals  or 
excreta  may  thus  show  at  different  times  of  the  same  day  different  amounts 
of  clilorine,  and  this,  in  the  absence  of  rain,  wiU  indicate  contamination. 

Ammonia  is  almost  always  present  in  very  small  quantity,  but  if  it  be  m 
large  enough  amount  to  be  detected  without  distillation  it  is  suspicious. 
If  nitrates,  &c.,  be  also  present,  it  is  likely  to  be  from  animal  substances, 
excreta,  &c.    Nitrates  and  nitrites  indicate  previously  existing  organic 
matters,  probably  animal,  such  as  excreta,  remains  of  animals,  &c. ;  but 
nitrates  may  also  arise  from  vegetable  matter,  although  this  is  probably  less 
usual.    If  nitrites  largely  exist,  it  is  generally  supposed  that  the  con- 
tamination is  recent.    The  coincidence  of  easily  oxidised  organic  matters,  of 
ammonia,  and  of  chlorine  in  some  quantity,  would  be  in  favour  of  an  animal 
origin.    If  a  water  gives  the  test  of  nitric  acid,  but  not  nitrous  acid,  and 
very  little  ammonia,  either  potassium,  sodium,  or  calcium  nitrate  is  present, 
derived  from  soil  impregnated  with  animal  substances  at  some  anterior  date. 
If  nitrites  are  present  at  first,  and  after  a  few  days  disappear,  this  arises 
from  continued  oxidation  into  nitrates;  if  nitrates  disappear,  it  seems 
probable  this  is  caused  by  the  action  of  bacteria,  or  other  low  forms  of  life. 
Sometimes  in  such  a  case  nitrites  may  be  formed  from  the  nitrates.  Phos- 
phoric acid,  if  in  any  marked  quantity,  indicates  origin  from  phosphoric 
strata  (which  is  uncommon)  or  sewage  impregnation.    Wanklyn  has  ridi- 
culed the  idea  of  phosphoric  acid  being  present  in  any  appreciable  quantity 
in  water,  if  (as  is  almost  always  the  case)  lime  be  also  present.    But  inde- 
pendent of  the  fact  that  the  reaction  of  phosphoric  acid  is  obtained  in  water, 
Hehner  has  clearly  shown  that  phosphoric  acid  does  exist  in  appreciable 
quantity  as  phosphates,  especially  in  polluted  waters.     Lime  in  large 
quantity  indicates  calcium  carbonate  if  boiling  removes  the  lime  ;  sulphate, 
chloride,  or  nitrate  if  boiling  has  little  effect.    Testing  for  calcium  car- 
bonate is  important  in  connection  with  purification  with  alum.  Sulphuric 
acid  in  large  quantity,  with  little  lime,  indicates  sulphate  of  sodium,  and 
usually  much  chloride  and  carbonate  of  sodium  are  also  present,  and  on 
evaporation  the  water  is  alkaline.    Large  evidence  of  nitric  acid,  with  little 
evidence  of  organic  matter,  indicates  old  contamination;  if  the  organic 
matter  be  large,  and  especially  if  there  be  nitrous  acid  as  well  as  nitric 
present,  the  impregnation  is  recent.    It  may  also  indicate  the  absence  of  the 
nitrifying  ferment  from  the  water. 
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To  the  above  qualitative  tests  would,  of  course,  be  added  the  physical 
characters,  which  would  to  some  considerable  extent  influence  the  con- 
clusions to  be  drawn.  When  possible,  the  microscopic  appearances  ought 
also  to  be  carefully  noted,  as  the  presence  of  such  substances  as  epithelium^ 
house  refuse,  &c.,  will  sometimes  justify  us  in  condemning  a  water  which 
may  appear  chemically  only  suspicious.  .  ■  \ 

A  water  containing  in  appreciable  quantity  any  metal  (except  iron), 
other  than  the  alkaline  and  earthy  metals,  is  to  be  condemned. 

A  water  containing  any  gas  other  than  oxygen,  nitrogen,  or  LU^,  is- to  be 
considered  suspicious,  and  not  to  be  used  without  boiling  or  hitration,  or 

^'°%he  auantitative  Analysis  of  Water.— The  discrepancies  which  are 
sometimes  found  in  the  consecutive  analyses,  or  in  analyses  by  two  ob- 
servers of  the  same  water,  probably  often  arise  from  the  difficulty  of  always 
separating  the  suspended  matters.  Consequently  two  samples  apparently 
similar  may  in  reaUty  contain  variable  quantities  of  suspended  matters, 
which  affect  the  determination  of  the  solids,  or  influence  other  tests. 

To  avoid  this  source  of  fallacy,  if  the  water  be  sedimentous,  the  portion 
to  be  examined  for  solids  should  be  placed  in  a  well-stoppered  bottle  m  a 
dark  place  for  twenty-four  or  forty-eight  hours,  until  all  sediment  has  sub- 
sided and  the  clear  water  should  be  then  siphoned  off.  If  the  sediment 
is  too  fine  to  subside,  the  water  must  be  filtered  through  paper  previously 
weU  washed  with  weak  hydrochloric  acid,  and  then  with  distilled  water, 
and  then  dried),  but  if  possible  filtration  should  be  avoided.  _ 

Of  the  solids  in  water  some  are  mineral,  and  derived  from  the  mineral 
constituents  of  the  soU,  such  as  Ume,  magnesia  part  in  combination  with 
chlorine,  and  part  with  sulphuric,  carbonic,  and  sihcic  acids;  others  are 
also  inorganic,  but  are  derived  from  the  remains  of  animals  or  vegetables, 
bv  oxidation  or  solution,  or  from  the  atmosphere,  these  solids  include 
ammonia  salts,  nitrates,  nitrites,  chlorides,  sulphates  and  phosphates 
Other  constituents,  derived  from  numerous  sources,  are  vegetable  or  animal 
matters,  which  are  usually  unstable,  and  are  undei;gomg  dismtegration 
and  oxidation.  They  may  be  nitrogenous  or  not.  The  composition  of 
these  substances  is  doubtless  extreme  y  vai-ious;  the  determmation  of  the 
total  quantity  is  difficult ;  the  separation  of  the  different  kinds  from  each 
other,  at  present,  impossible.  .  ^ 

The  methods  by  which  the  quantity  of  this  organic  matter  (to  use  its 
familiar  name)  can  be  expressed  have  been  lately  much  debated,  and  even 
now  there  is  no  general  agreement;  nor,  at  present,  is  there  any  plan  by 
which  dissolved  vegetable  may  be  distinguished  from  animal  mattei^ 
except  by  reference  to  the  microscopic  characters  of  the  sediment,  to  the 
source  of  the  water,  and  the  coincident  inorganic  substances. 

The  quantitative  processes  which  appear,  m  a  hygienic  sense  to  be  most 
useful,  are  the  determinations  of  the  total  and  volatile  soMs,  the  chlorine, 
the  nitrogen  in  ammonium  compounds  and  m  organic  matter  the  nitrogen 
as  nitrates  and  nitrites,  the  oxygen  consuming  po^^er,  the  j^iosphates,  he 
dissolved  oxygen  and  carbonic  acid,  the  total  and  fixed  hardness  and  the 

Prindpl^  of  Volumetric  Analysis.-The  main  principle  upon 
which  volumetric  quantitative  analysis  depends  is,  that  in  order  to  convert 
r  compound  a,  existing  in  solution,  into  some  other  h,  there  is  required  a 
mianTy  of  re  gent  c  proportional  to  the  quanti  y  of  a.  If  therefore  we 
know  as  well  as  its  strength,  we  can  ca  culate  a ;  in  other  words,  a 
voluleteic  quantitative  analysis  is  the  submission  of  the  substance,  to  be 
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estimated  to  certain  characteristic  reactions,  employing  for  such  reactions 
solutions  of  known  strength ;  and,  from  the  volume  of  solution  necessary 
for  the  production  of  the  reaction,  determining  the  weight  of  the  sub- 
stance to  be  estimated,  by  the  application  of  the  known  laws  of  chemical 
equivalence.  The  process  of  adding  the  reagent  from  a  graduated  measure 
is  called  titration. 

For  the  accurate  performance  of  titration,  the  following  conditions  must 
be  fulfilled  :— 

1-  The  substance  under  examination  must  exist  in  clear  solution  in  a 
liquid  miscible  with  the  hquid  reagent :  for  this  purpose  aqueous  solutions 
are  the  best. 

2.  The  operator  must  thoroughly  understand  the  relationship  between 
measures  of  A\'eight  and  volume. 

3.  Tlie  apparatus  employed  must  be  accurately  graduated. 

4.  The  titrating  reagent  must  be  a  solution  of  known  strength,  that  is, 
a  so-called  standard  solution. 

5.  We  need  a  special  reagent  (indicator)  in  order  to  ascertain  when 
sufficient  quantity  of  the  standard  solution  c  has  been  added  to  effect  the 
required  reaction,  or  the  complete  transformation  of  a  into  h. 

To  carry  out  any  quantitative  analysis,  the  first  essential  is  the  thorough 
comprehension  of  the  simple  relationship  between  liquids  and  solids.  In 
the  following  pages  of  this  w^ork,  owing  to  its  uniformity  and  simplicity  in 
all  analytical  methods,  the  metric  system  of  weights  and  measures  will,  as 
far  as  possible,  be  employed.  Although  tables  of  the  various  metric  weights 
and  measures  are  given  in  the  Appendix,  it  may  not  be  out  of  place  here  to 
emphasise  the  fact  that  a  cube  of  distilled  water,  at  its  temperature  of 
greatest  density,  namely  at  4°  C.  or  39°-2  F.,  whose  side  measures  1  decimetre, 
has  exactly  the  weight  of  1  kilogramme,  or  1000  grammes,  and  occupies  the 
volume  of  1  litre  or  1000  cubic  centimetres.  In  other  words,  1  cubic 
centimetre,  as  a  measure  of  volume,  equals  or  corresponds  to  1  gramme  as  a 
measure  of  weight,  and  that : — 

X  Grammes  of  a  substance  dissolved  in    10  cubic  centimetres  of  water  are  x  parts  in  10 
■•  -  "9        -.  >.  X    „  100 


X 

X  Decigrammes 


1000  „  „  (1  litre)  X  I]  1,000 

Centigrammes  "  "  "  "  ^  " 

« Milligrammes  "  "  "  "  ^  "  ,  ^Kn 

X  "  »'  »'  n  1,000,000 

>>  100  „  „  of  water  x  „  100,000 

"                10  ,.  ,,  X  „  10,000 

"  >>  „  „  X  ,,  1,000 


X 

X 


It  IS  most  usual  in  this  country  and  on  the  Continent  to  express  the 
results  of  a  quantitative  analysis  of  water  as  parts  per  100,000,  or  centi- 
grammes per  litre,  or  milligrammes  per  100  cubic  centimetres.  Some 
analysts  express  their  results  as  parts  per  million,  or  milligrammes  per  litre. 
Ihe  statement  of  a  ratio  in  parts  per  100,000  will  be  adopted  in  the  follow- 
ing analytical  processes,  while,  for  the  sake  of  brevity,  the  term  "cubic 
centimetre  "  will  be  written  as  c.c. 

Occasionally,  tlie  expression  "  grains  per  gallon  "  is  met  with  in  English 
analysis.    This  is  equivalent  to  parts  per  70,000,  as  one  gallon  of  water  at 

'?nnnA  *°  ^"  "^^'^^S'ls  10  lb.,  or  70,000  grains.  The  conversion  of  parts 
per  100,000  to  grams  i^er  gallon  is,  of  course,  readily  performed  by  multi- 
seven-tentlis,  or  by  0-7,  and  from  grains  per  gallon  to  parts  per 
100,000  by  multiplying  by  10  and  dividing  by  7. 

Tlie  apparatus  specially  needed  for  making  an  ordinary  quantitative 
analysis  of  water  includes  : — 

A  pair  of  balances  and  weights,  according  to  the  metric  syatem.    In  these 


sets  of  weights,  the  larger  ones  ^^V^esent  ^ra^  f^^^^^^ 
grammes,  and  the  next  centigrammes     Small  foiceps  are  use  i 
up  and  applying  these  weights  to    he  pans  of  the      ^^^^  / 
giammes  are  added  by  shifting  a  httle  piece  of  bent  ^^^^^^^^^         ^  ^o 
beam  of  the  balance,  which  has  on  it  ten  markings,  numbered 
10,  on  either  side  of  the  pivot. 

'a  platinum  dish,  capable  of  holding  200  c.c.  o  water 
.One  or  more  shallow  porcelain  evaporating  chshes,  capable  oi  noi  „ 


300  c.c. 


Tsmall  porcelain  crucible,  with  lid,  for  igniting  r^^i'^^^Jf  •  ,  - 
A  pestle  and  mortar,  for  powdering  reagents  previous  to  solution. 
One  or  more  retorts,  or  boiling  flasks. 
A  Graham's,  or  Liebig's  condenser 
Six  Nessler  glasses,  each  capable  of  holding  IDU  c.c. 

Glass  stirring-rods.  . ,  u-     oKn  n  n 

Two  glass-stoppered  bottles,  capable  of  holding  250  c.c. 

Glass  funnels  for  filtering. 
A  packet  of  Swedish  ./i^erpai^ers. 
A  dozen  test  tubes,  with  stand,  cleaner  and  hol^«i-- 
.    A  raea..ingfla^c,  to  hold  at  least  in  c.c. 

Glass  burettes,  or  graduated  tubes,  holding       c-C",  a^^^ 

and  tenths  of  a  c.c.    One  of  these  fj^^^l^^J'^XSted  with  a  stop-cock  at 
and  be  provided  with  a  stopper  at  the  top,  and  fatted  wiin  a  i 

T^s  pipette,  graduated  to  deliver  10,  20,  50,  or  100  c.c. 

oLt  mr ttngles  of  iron  wire,  covered  with  pipeclay. 

iZ^Z^^^  in  either  Centigrade  or  Fahrenheit 

.<  Standard  Solutions  "  required  in  a  volumetric  q^ant^tive  ^^^^^ 
are  solutions  of  definite  strength,  made  by  dis  omng  a  gn  e 
reagent  in  grammes,  in  a.  definite  volm^^^^^^^^^  ^^^^  by  dissolv- 
metres  (or  in  grains  or  fluid  grains),    iwmai  bui       ■  1000  c.c. 

ing  the  Vrog™  equivalent  ,ve;gM  o£_^he  ^^^^^^^^ZU  are  often 
(1  litre)  of  distilled  water  at  16   O.    ifae  i?^^";^^       ,   .  g.^Miyisions  :— 
used  to  express  the  strength  of  normal  solutions,  and  their  subdnisio 

N  -=a  normal  solution  having  1     hydrogen  equivalent  in  grammes  per  hire. 


Y  -  a  semi-normal  ,,  h 

^  =a  deci-normal  ,,  xV 

=  a  viginti-normal  , ,  iV 

^  =a  centi-normal  ,,  ilis 

^^  =  a  milli-normal  ,,  ixsVn 


Occasionally,  in  making  norm,il  ^^^^^^^^ 

weight  of  a  reagent  cannot  be  ^=^1-"'/-  t^^'^^^^^^^^^  """" 

reaction  in  a  given  analysis  has  to  be  1^^*;'^';^;^^;,^      ,,gent,  having  the 
a  solution  of  potassic  permanganate,  as  <'\n/'^"|\  .  "15^^ 
chemical  formula  K^rnO.„  and        -olecnhu-       gl^^^^^  ^^^^^ 
five  volumes  of  oxygen  in  a  particular  reaction,  its 
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by  dissolving  one-fifth  of  its  molecular  weight,  or  31-6  grammes  in  a 
litre  of  water.  In  other  instances,  when  the  hydrogen  equivalent  weight 
of  a  substance  is  not  identical  with  the  atomic  or  molecular  weight,  the 
amount  taken  is  that  of  the  equivalent  hydrogen  weight.  Thus  oxafic  acid 
C2H2O4.2H2O,  with  an  atomic  weight  of  126,  is  a  bivalent  substance,  and 
its  eqiuvalent  M^eight  is  one-half  of  its  atomic  weight;  consequently,  a 
normal  solution  of  oxalic  acid  would  l^e  made  by  dissolving  63  grammes'  of 
the  crystallised  acid  in  1  litre  of  distilled  water.  Similarly,  "phosphoric 
acid,  which  is  a  trivalent  substance,  would  require,  for  the  preparation 
of  a  normal  solution  of  sodic  phosphate,  Na.,HP0^.12H20,  one-third  of  its 
molecidar  weight  or  119-3  grammes,  being  dissolved  in  1  litre  of  dis- 
tilled water. 

In  some  other  cases,  standard  solutions  cannot  be  prepared  directly, 
because  the  substance  to  be  dissolved  cannot  be  obtained  sufficiently  pure 
to  make  an  accurate  solution.  Hence  we  must  have  recourse  to  an  indirect 
method.  Thus,  if  it  were  wanted  to  make  a  solution  of  potash-lye,  contain- 
ing 56  grammes  of  potassium  hycboxide  to  the  litre,  we  could  not  make  it 
by  simply  weigliing  out  56  grammes  of  potassium  hydroxide  and  dissolving 
It  in  a  litre  of  M'ater,  because  the  alkali  can  never  be  procured  absolutely 
pure.  But  if,  say,  65  grammes  be  dissolved  and  slowly  diluted  down  until 
10  c.c.  exactly  neutralise  10  c.c.  of  an  oxalic  acid  solution  made  by  dissolv- 
ing 63  grammes  of  C2H20^.2H.,0  in  a  litre,  we  then  get  a  solution  of  the 
potassium  hydroxide  of  the  strength  of  66  grammes  per  litre,  because  from 
their  molecular  weights  we  know  63  grammes  oxalic  acid  exactly  neutralise 
56  grammes  of  potassium  hydroxide. 

An  "indicator"  is  a  substance  added  to  enable  us  to  ascertain  by  a 
cliange  of  colour,  or  other  equally  marked  effect,  the  exact  point  at  which 
a  given  reaction  is  complete.  The  chief  indicators  employed  are  as 
follows : — 

(a)  Solution  of  litmus,  which  turns  red  with  acids  and  blue  with  alkahes. 
ihis  solution  needs  to  be  made  from  the  best  litmus,  by  boiling  in  water 
for  eight  minutes,  then  neutralising  the  alkaline  carbonate  which°it  usually 
contains  with  HCl,  until  the  wine-red  colour  remains  even  on  further 
boiling.  The  solution  is  then  cooled  and  an  equal  volume  of  strong  alcohol 
added.  The  stock  solution  should  be  kept  in  a  bottle  with  a  delivery 
pipette  inserted  through  the  cork. 

(h)  Alcoholic  solution  of  2-)henol-plithalein,  made  by  dissolving  5  grammes, 
with  the  aid  of  25  c.c.  of  spirit  of  wine,  in  500  c.c.  of  distilled  water.  This 
solution  IS  colourless  with  acids,  but  becomes  red  with  alkalies. 

(c)  Starch  mucilage,  which  turns  blue  in  the  presence  of  free  iodine. 

ifl)  Saturated  solution  of  potassium  chromate,  which  gives  a  red  colour 
with  nitrate  of  silver,  but  not  until  all  tlie  halogen  present  has  entirely  com- 
bined with  tlie  silver. 

{e)  Saturated  solution  of  potassium  ferricyanide,  wliicli  ceases  to  give  a 
blue  colour  when  any  iron  present  has  been  fully  raised  to  the  ferric  state. 

(/)  Methyl  orange  is  useful  for  standardising  any  of  the  mineral  acids 
by  means  of  pure  sodic  carbonate  in  the  cold,  the  liberated  carbonic  acid 
liaviiig  practically  no  effect.  A  convenient  strength  is  1  gramme  of  the 
powder  111  a  litre  of  distilled  water;  a  single  drop  of  the  liquid  is  sufficient 
lor  100  c.c.  of  any  colourless  solution— the  colour  being  faint  yellow  if 
alkaline,  and  pink  if  acid. 

Determination  of  the  Dissolved  Solids.— The  remark  already  made 
about  suspended  matters  must  be  attended  to ;  if  possible,  obtain  a  clear 
water  by  subsidence  rather  tlian  by  filtering  through  paper.    The  solids  are 


WATER. 

determined  b,  ev,po,atio„.  and  ™  generally  spoken  of     the  total,  fi.ed, 

and  volatile  solids.  nviUnWe  200  c.c.  of  the  water  are 

Total  Solids.-li  very  go"*!  the  water  sample 

sufficient;  if  the  balances  are  f J^^^  o  WOO^^^^^^  ^^^^ 
must  be  taken,  then  evaporate  to  J.^^^f  spurting.    If  the 

that  the  water  does  not  boi    ^l^'^,^^^  ^^^^^;^2atiormry  be  conducted  in  one 
smaller  quantity  be  taken,  the  who      vapouaUon  may      ^^^^  ^^^^ 

vessel  (of  platinum  if  possible)  but  f  "i"?  ^^^f  ..^^  dish,  and  the 
evaporation  should  be  commenced  /^^^e  ^  ^^^o  a  small  weighed 
concentrated  water  and  deposit,      f  y-  ^hat  none  of  the  soUds 

crucible     The  transference  demands  gieat  care,  so  i^u  ^  ^.^^^ 

Si  remain  encrusted  in  the  evaporating  .vater. 

large  dish  IjfS  ^^^^  ,Les  of  moisture  by 

or  steam  bath,  at  212  J^.  (.iuu   w,  .^^  j.^^^  desiccator. 

heating  in  the  hot-air  '^^^^^^  clmZ  ihe^^^ 

Weigh  as  soon  as  the  ^^-^^^^^'f^^^^^  and  weigh  again  after  an 
L^v\^  of%;rrhC°  ^?Xe  is  no  material  difference  the  drying  is 

'--^n  advises  a  very  simple  ^^^^Ld  rtllTlul^J^^S 
gallon  tin  can  is  taken,  a  Perforated  cork  h  ed  n  t        ^^^^  ^  ^.^^^^ 

J!;^ti!^  ;;:StX;^  -ible  to  let  the  steam 

pass.    Water  is  boiled  m  the  Jin  can  ^^rtant  point,  and  should 

The  determination  of  other  quantitative  deter- 

be  carefully  done.    It  gnes  a  00  conclusions  wrong, 

minations,  and  if  ^^^^^^ri^t  e^sol  ds  at  as  low  a  heat  as  possible  ; 

Fixed  if  here  be  much  blackening,  or  if  any  fumes 

watch  the  process,  and  no  e  tb^;«  «  ^^^^.^^^  horn.  A  piece  of  filter- 
can  be  seen,  or  any  smel  be  Pe^«^;^^^\      -^^j^^,  ^^d  starch,  and  then  dried, 

substances."    It  consists  of  J^^^^m^*^^^^^^^^^      earbonic  acid,  and  sometimes 
ammoniacal  salts,  combuied  watex  eorposition  of  the  "volatile  substances 
chlorides.    The  variableness  of  the  ^^V^^  uncertain-  Combined 

has  led  to  the  disuse  of  the  P-^^^^^^  f^^™^^    ,,ef ul  indications.    The  in- 

with  other  evidence  it  gives,  ^^"'i;,':.!;  :  j^^,d  iron,  as  hereafter  noted. 

cinerated  solids  may  be  ^^^^^^  incineration  by  adding  a 

The  combined  CO.,  f^^'^^f^J  l^y^L  of  ammonia,  then  drying  and 

few  drops  of  a  saturated  solution  of  caibonat 

driving  off  the  excess  of  ammonia. 

^  i  t    J  'J     onn  p  p  dried  as  described 
Examplc.-l.  Total  sohds.-2Q0  c.c.  anc  ^         ^^  ^^  grammes. 

Weight  of  dish  and  veaidue,         •         *         '  19-23 

of  dish  alone,       .         •  *   

.         .  0-04 
DifTcrence,      •     ,.,*..,  onnop  of  water, 
being  grammes  of  total  solids  in  200  c.c. 
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2.  Fixed  solids. — The  above  residue  is  incinerated,  and  the  COj  restored  to  the  earthy 
carbonates  if  required. 

Weight  of  incinerated  residue  and  dish,  .         .  19'26 
„      of  dish  alone,       ....  19'23 


Difference,       .  .  .  .  0-03 

being  grammes  of  fixed  solids  in  200  c.c.  of  water. 

0-03  X  500  =  15  parts  per  100,000. 

15  X  0"7  =  10 '5  grains  per  gallon. 

3.  Volatile  solids : —  Parts  per  100,000.        Grains  per  gallon. 

Total  solids,  =  20  0  14-0 

Fixed    ,.  =  15-0  10-5 


Difference,  being  volatile  solids,  5"0  3 '5 

The  amounts  of  total  solids  in  ordinary  water  samples  vary  from  3  or  4 
to  50  or  60  parts  per  100,000.  Of  these  not  more  than  1-5  per  100,000 
should  be  volatile  or  lost  on  ignition. 

Determination  of  the  Chlorine.— For  this  purpose  two  solutions  are 
required. 

(1)  A  solution  of  Potassium  Monochromate,  made  by  dissolving  50 
grammes  of  the  salt  in  a  litre  of  distilled  water.  Nitrate  of  silver  is  added 
until  a  permanent  red  precipitate  is  formed,  which  is  allowed  to  settle  and 
the  clear  liquid  decanted  off. 

(2)  A  deci-normal  standard  solution  of  Silver  Nitrate,  made  by  dissolving 
17  grammes  of  AgjSTOg  (molecular  weight  being  170)  in  a  litre  of  distilled 
water.  This  will  be  equivalent  to  one-tenth  of  the  atomic  weight  of 
chlorine  (35 "5)  or  3-55  grammes  of  chlorine,  and  1  c.c.  of  this  solution  will 
equal  3*55  mgms.  of  chlorine. 

The  process  consists  in  taking  250  c.c.  of  the  water  sample,  placing  them 
in  a  white  porcelain  dish,  and  rendering  them  of  a  distinct  yellow  colour  by 
means  of  two  or  more  drops  of  the  potassium  chromate  solution.    From  a 

burette,  run  in  drop  by  drop  some  of  the  ^  silver  nitrate  solution,  stirring 

after  each  addition.  The  red  silver  chromate  which  is  at  first  formed  will 
disappear  as  long  as  any  chlorine  is  present.  Stop  directly  the  least  red 
tint  is  permanent.  As  each  c.c.  of  the  silver  solution  equals  3-55  mgms.  of 
chloruie,  the  number  of  c.c.  used  indicates  the  mgms.  of  chlorine  in  250  c.c. 
of  the  water,  that  is,  parts  per  250,000,  and  that  divided  by  2-5  or  multi- 
phed  by  0-4  will  give  parts  of  chlorine  per  100,000. 

Example. — In  250  c.c.  of  water,  rendered  yellow  with  potassium  chromate,  1"5  c.c, 
of  silver  solution  gave  a  permanent  red  tint ;  then— 

rS^x  3-55  _  2.13  parts     chlorine  per  100,000, 

The  purest  water,  as  a  rule,  contains  less  than  1  '5  parts  of  chlorine  per 
100,000.  An  increase  may  be  duo  to  sea-water,  percolation  through  salt 
bearing  strata,  to  sewage,  or  other  impurities.  Some  deep  wells  often  con- 
tain large  quantities  of  chlorides;  but  generally  an  excessive  presence  of 
chlorine  is  a  reason  for  suspicion  unless  a  satisfactory  explanation  of  its 
presence  is  obtainable. 

Determination  of  the  Hardness.  — Clark's  very  useful  soap  test  offers  a 
ready  mode  of  determining  this  in  a  manner  quite  sufficient  for  hygienic 
and  economic  purposes.  »Soap  is  an  alkaline  oleate,  resulting  from  the 
combination  of  an  alkali  with  one  or  more  of  the  fatty  acids,  i.e.,  oleic, 
stearic,  or  palmitic  acids.    When  an  alkaline  oleate  is  mixed  with  pure 
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water  a  lather  is  fiiven  almost  immediately;  but  if  lime,  magnesia,  iron, 
Wtl  .Wa  or  other  substances  of  this  kind  be  present,  oleates  of  these 
&J?o"ri,  and  no  lather  is  given  until  the  ^^^^^^^^ 
doAvn  or  used  up.  The  hardness  of  a  water  depends  upon  the  piesence  m 
1  Tnl-e  or  Js  of  these  earthy  bases,  and  the  mor.  they  ^^^^^ 
crreiterwill  be  the  expenditure  of  soap  to  make  a  lather,  i^iee  caioomc 
has  a  imilar  effect.  The  soap  combines  in  equivalent  proportions  with 
Tese  bases  so  S  at  if  the  soap  solution  be  graduated  by  a  solution  of  known 
^tZ^lh  oi  any  k  nd,  it  will  be  of  equivalent  strength  for  corresponding 
^.  If^  b^ses.  There  are,  however,  one  orj^^^^^^^ 
1  4-1  o  ,,.oflinrl  Ipq^  Certain  One  of  these  is  that,  m  tiie  cabe  ui 
«if  th   eta  ti  to  form  double  .alts,  so  that  tl.e  dete™inat,c^> 

nTSrcTneih  ^^^^^       so  accurate  as  in  the  cases  of  lime  or  baryta.  Carbonic 

SH- ;  -  ^  Sssrx  S  tpf 
-rto^;±:itiii^:rs^^^^^^^^ 

r^elrtSrS  h..anes  ^]^£Z£^ 
is  usually  very  soft.    Many  rf  Ure  salts  CMih^  ^^^^ 

^iLi^Sa-^^s';^^^^^^ 

s:  Sb^r r^s- ... ... . ..... 

alumina.        i--*-^^^^^^^^^  in  solution,  consists  u,ai,Jy 

of  s^:SX:SS  a.Kl  nitrates  of  calciuur  and  n,ag,resiunr.  ,v,tl.  a 

little  iron  and  alumina  nnnvenience  usually  expressed  either  in 

The  amount  o  hardness  is^^  for  J           p^r  gallon  of 

degrees  of  the  metrical  f    jP'^;^^;  ^^.^  J     legree  of  hardness  on  the 

calcium  carbonate,  each  gx-^nr  ^^^^^^^^^^^^^  that  the  hardness 

scale  proposed  by  Claik-         covuse  equivalent  to  so  much 

depends  on  various  ^ons^i^u.  ts,  but  m  ^^^^  ^^^^^^ 

calcium  carbonate.    In  in.mce,  ^^'^  '  .    ■                100,000.  In 

carbonate,  but  only  on  the  metrica  sc^l  that      in  p    ^^p  , 

SLWk^rSr:^         S=  and  0-7  W 

or  English  metrical  degree  ..^^^.n  of  hardness  is  best  made  by 

The  Soap  sol^d^on  for  the  ,^ft  soap  in  a  mixture 

thoroughly  dissolving  by  «t?™"g  ^"/j  water  and  then  filtering, 

of  4  parts  methylated  spirits  to  6  °f  J^f '/^^^^  ^  diluted  or  strengthened 
This  solution  of  soap  should  ,  permanent  lather 

as  the  case  may  be,  so  ^^'^^  ^-2  c  c.  of  it  e>^^ct  ^^^^^^      P^^  .^^^^_    ^^^  .^^^^^ 

when  shaken  up  with  50  c.c.  oi  ^  ^o^^"  eiilcium  carbonate, 

nitrate,  r.a(NO.),  has  a  -  J-^-^^Y'S  ,,Hum  nitrate  be  dis- 

S^in  1  m^of'd^ine^^^^  equals  0-1  gramme  of  calcium 
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carbonate,  and  50  c.c.  of  the  same  solution  equals  5  mgms.  of  calcium 
carbonate.  Now,  if  the  soap  solution  be  so  made  that  2*2  c.c.  of  it  give  a 
lather  with  50  c.c.  of  the  above  barium  nitrate  solution,  after  deducting  0'2 
c.c.  for  the  amount  of  soap  solution  necessary  to  give  a  lather  with  50  c.c. 
of  distilled  water,  Ave  get  2  c.c.  of  the  soap  solution  to  equal  50  c.c.  of  a 
barium  nitrate  solution,  which  again  is  equivalent  to  5  mgms.  of  calcium 
carbonate,  hence  each  c.c.  of  the  soap  solution  equals  2 '5  mgms.  of  calcium 
carbonate.  Say,  for  instance,  35  c.c.  of  soap  solution  of  unknown  strength 
have  been  made,  and,  on  being  standardised  with  50  c.c.  of  the  barium 
nitrate  solution,  it  is  found  that  1  c.c.  gives  a  lather  in  place  of  2 '2  c.c. 
being  so  required.  Then  as  1  :  2*2  :  :  30  :  a;  =66;  that  is,  30  c.c.  of  it 
must  be  diluted  up  to  66  c.c.  to  give  a  soap  solution,  of  which  1  c.c.  shall 
exactly  equal  2 '5  mgms.  of  calcium  carbonate.  Of  course,  if  the  soap 
solution  be  found  too  weak  it  must  be  proportionately  fortiiied  with  more 
soap  until  2-2  c.c.  exactly  give  a  lather  with  50  c.c.  of  the  0"261  barium 
nitrate  solution. 

In  some  analytical  statements  the  term  "  measure  "  is  used  to  avoid  the 
repetition  of  the  expression  "  tenth  of  a  cubic  centimetre."  If  so  employed, 
one  measure  of  soap  solution  may  be  taken,  therefore,  as  precipitating  0"25 
of  a  milligramme  of  calcium  carbonate. 

Total  Hardness. — Take  50  c.c.  of  the  sample  and  place  in  a  stoppered 
shaking  bottle.  From  a  burette  run  in  sufficient  of  the  soap  solution  until, 
on  being  briskly  shaken,  the  contents  of  the  bottle  give  only  a  faint  dull 
sound  with  the  formation  of  a  quarter  inch  of  fine  uniform  lather.  This 
lather  should  show  an  unbroken  surface  after  standing  five  minutes. 

Example. — Suppose  the  addition  of  2 '4  c.c.  of  the  soap  solution  have  produced  the 
necessary  sound  and  lather.  Deducting  0*2  c.c.  as  being  necessary  for  the  production 
of  a  lather  in  50  c.c.  of  the  purest  water,  we  get  2"2  c.c.  of  the  soap  solution  required  by 
50  c.c.  of  the  water  sample  or  4-4  necessary  for  100  c.c.  Each  of  these  c.c.  equals  2"5 
mgms.  of  Ccalcium  carbonate  :  hence  4'4  x  2'5  =  11  ingms.  of  calcium  carbonate  in  100  c.c. 
of  the  water,  representing  a  total  hardness  of  11  parts  per  100,000,  that  is  11  degrees  of 
hardness  on  the  metrical  scale.  Expressed  as  grains  of  calcium  carbonate  per  gallon, 
or  degrees  of  hardness  on  Clark's  scale,  we  get  11  x  0'7  =  77  grains  per  gallon  of  CaCOg. 

When  the  total  hardness  exceeds  20°  on  the  metrical  scale,  an  over- 
estimation  may  be  made  as  the  excess  of  calcium  and  magnesium  salts 
interfere  with  the  formation  of  the  characteristic  lather.  In  these  cases,  it 
is  better  to  dilute  25  c.c.  of  the  sample  with  25  c.c.  of  distilled  water ; 
proceed  as  exi^lained,  when  the  net  amount  of  soap  solution  used  will 
indicate  the  hardness  in  parts  per  100,000.  If  magnesium  salts  are  present 
the  lather  will  often  be  brown  in  colour  and  break  very  easily ;  under  these 
conditions  it  is  advisable  to  dilute  the  water  and  shake  very  carefully. 

The  Permanent  or  Fixed  Hardness.— Take  100  c.c.  of  the  water  and 
100  c.c.  of  distilled  water;  boil  in  a  flask  briskly  for  half  an  hour,  allow  it 
to  cool  down  to  60°  F.  (15° -5  C.)  in  the  vessel,  which  should  be  corked, 
and  then  make  up  the  bulk  to  exactly  100  c.c.  with  distilled  water; 
determine  the  hardness  in  50  c.c.  If  distilled  water  is  not  jirocurable,  then 
boil  200  c.c.  down  to  100;  take  half  the  remainder  (  =  100  of  unboiled 
water)  and  determine  the  hardness. 

By  boiling,  all  carbonic  acid  is  driven  off ;  all  calcium  carbonate,  except 
a  small  quantity,  is  thrown  down  ;  the  calcium  sulphate  and  chloride  are  not 
affected  if  the  evaporation  is  not  carried  too  far ;  some  of  the  magnesium 
carbonate  at  first  thrown  down  is  redissolved  as  the  water  cools. 

Example, — Say  50  c.c.  of  the  water  thus  treated  required  1'6  c.c.  of  soap  solution. 
Deducting  0'2  c.c.  for  lather,  we  get  1'4  c.c,  and  I*4x2'5x2  =  7  mgms.  of  calcium 
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°'  '^tS'^W  t.d„e»  of  .  wat..  .houM  „„.  exceed  l^^^^J^r^^'^i 
oawnvise  it  is  unsuitable  foi-  domes  .=  '  J^''''^       X  from 

,vaters  var,  from  20  to  30  degrees  ou  f '"-f  ^ ' 

8  to  15  •  while  a  very  soft  water  may  contain  up  to  li  or  ts. 

MVamount  of  ,irma,;ent  ^TJ' r:ST:^Zt  tftUS, 
sents  the  most  objectionable  ' .  f^^™'' it^^^^^^^  hardness,  the  more 
and  t  m  maguesmm  ^alts     The  g""^";  „j  ,  „„„a    ater  should 

S"hle,  he  g^Ser  than  Lut  5  degrees  of  the  metrical  scale,  equal 

to  3  degrees  or  4  degrees  of  9'°^'™.'-  ,  ^.ter  Sample.— It  has  akeady 

^^^^^^^^  siritr- 

kinds  o1  disease  By  orgamc  poUn^^^^^^^  ,^,1, 
both  animal  and  -Sf^abk^^^^^^^  of,  and  danger  from, 

decomposition;  and  ^Itliough  the  relative  from  vegetable  impurities, 

animal  contamination  is  usually  f  tf /J^f^f,^  matter  constitutes  an 
still  the  recognition  of  either  or  ^^^^^^'f  Jg.^i^^^  purposes.  Unfortu- 
important  procedure  in  the  ^^^^J^^^J^^Zl^^^^^  give  us  any 

xiately  there  is  no  ^^f^^^^^  ^rolZT^^^^^^^  Kecognising  the  fact 
closely  proximate  estimation  ot  tliis  or  c  ^  ^^-^    exliibits  a 

that  all  organic  -atte^>  /X"u  taV  of  Uperature 

natural  tendency  to  resolve  ^^^elt,  ^nOer  ammonia,  and  oxidised 

:s;sSr=ts^s3i^ 

IttXesSil XL^^So.^^  a^r— f  or  nitrogen  produced 

by  the  decomposition  of  o^'S^^^;;  f^^J*^!^'';  „,ocesses  for  the  determination  of 

In  addition,  to  ^'l^^X^^^'^^Ct^^^^^  i«  essentially  to  detect 

organic  matter  in  water  mcM^^^^  the 

the  presence  of  othe   '^^^'^^^f  ccess  to  water  along  with  it,  that  is, 

composition  of  organic  bodies,  gam  access  to  .  ^  estimations 

rhlorides  sulphates,  and  phosphates,    io  tnese  m..y 

fZ'Xiiy  of       P— to  determine  «ie 

Possibly  one  of  the         "f  ^^^'^jr^^^r^^^^^^ 
organic  matter  in  water,  is  hat  ^^^^^^'^^^^^^^  ^^^^  t,',,.oid  errors  in  its 
need  of  special  apparatus  ^''If.^^':^^^^^^  of  the  greater  number 

conduction,  it  IS  quite  unsmted  f^^^^^^^^^^  ^^^.^  ^^^^^^^^  ^ 

of  those  engaged  m  P^^^ll^^/^^^^^^^^^^^^  and  this,  after  collection  in 

volume  of  water  is  evaporated     '  f '  ^f  copper,  and  burnt  in 

a  hard  glass  combustion  tube,  is  "^^^f  J^f  ^"^^^^^  to  the  organic  matter, 
a  furnace.    The  oxulc  of  copp^^^^^^^^^^^^  ^^.^^  ^. 

which  is  completely  burnt,  '  ^f   "organic   carbon"  and 

collected,  measure<l,  and  returned  m  teims 

"Xthi^Ss'the  purity  of  water  is  judged  from  a  consideration  of 
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'the  actual  amounts  of  organic  carbon  and  organic  nitrogen  present,  and  their 
relative  proportions  to  each  other.  A  low  quantity  of  each  and  a  small 
relative  amount  of  organic  nitrogen  is  deemed  favourable  to  the  water. 
Much  carbon  and  little  nitrogen  is  indicative  of  vegetable  pollution,  whereas, 
on  the  other  hand,  the  nearer  the  amount  of  nitrogen  approximates  to  that 
of  carbon  the  greater  is  the  indication  of  the  pollution  being  of  animal  origin. 
Speaking  of  this  particular  process  of  Frankland's  the  Rivers  Pollution  Com- 
mission held  that  "a  good  drinking  water  should  not  yield  more  than  0-2 
part  of  organic  carbon  or  0-02  of  organic  nitrogen  in  100,000  parts  "  :  on  this 
dictum,  one  might  condemn  a  water  containing  as  much  as  O'l  part  of  the 
former  and  0"03  part  of  the  latter. 

More  practical  than,  if  not  actually  superior  to,  Frankland's  is  the  method 
proposed  by  Wanklyn  and  Chapman,  in  which  two  kinds  of  ammonia  are 
recognised,  namely,  the  free  or  saline  ammonia  and  the  albuminoid  ammo- 
nia. The  former  is  held  to  have  its  origin  mainly  in  organic  pollution, 
being  virtually  an  early  stage  in  the  decomposition  of  such  matter,  while 
the  latter,  being  derived  from  nitrogenous  organic  matter  as  a  result  of  its 
breaking  up  by  the  addition  of  a  solution  of  strongly  alkaline  potassium 
permanganate,  is  taken  as  the  indication  of  pollution  actually  present  as 
organic  matter. 

Although  no  better  clue  to  the  presence  of  organic  matter  can  be  Avell 
imagined  than  an  estimation  based  upon  the  nitrogen  resulting  from  its 
decomposition,  still  the  difficulty  exists  in  the  fact  that  all  hurtful  organic 
matter  is  not  necessarily  nitrogenous.  In  the  case  of  water  pollution,  this 
objection  is  largely  theoretical,  but  it  nevertheless  suggests  the  fact  that,  as 
regards  organic  matter,  much  has  yet  to  be  learnt  of  its  chemical  constitution 
and  detection.  It  is  further  obvious  that  no  chemical  process  can  decide 
whether  any  organic  matter  is  living  or  dead,  or  whether,  if  living,  it  is 
injurious  or  not.  Remembering  how  small  the  germs  of  disease  are,  it  will 
be  seen  at  once  that  even  considerable  numbers  of  them  in  a  water  cannot  by 
themselves  materially  increase  the  organic  ammonia  :  but  as  they  are  nearly 
always  associated  with  an  organic  nutritive  medium,  the  excessive  presence  of 
organic  pollution,  which  analysis  would  necessarily  indicate,  at  once  suggests 
doubt  and  suspicion  as  to  the  purity  of  the  water  under  examination. 

Besides  the  combustion  process,  commonly  known  as  Frankland's,  and 
the  ammonia  determinations  of  Wanklyn,  a  new  method,  that  of  Kjeldahl, 
has  been  introduced  for  the  determination  of  the  total  combined  nitrogen, 
except  nitrates,  in  natural  waters.  Although  it  cannot  be  claimed  for  them 
that  they  will  estimate  the  absolute  quantity  of  organic  matter  present,  the 
Wanklyn  and  Kjeldahl  processes  constitute  the  two  best  methods  of 
estimating  its  relative  quantities  in  different  waters,  and,  being  readily  per- 
formed by  any  medical  officer  of  health,  will  be  now  described. 

Determination  of  the  Free  Ammonia. — For  this  estimation  it  is 
necessary  to  have  the  following  solutions : — 

(1)  Nessler's  Rearjent. — This  is  a  saturated  solution  of  mercuric  iodide  in 
potassic  iodide.  It  gives  a  yellowish  tinge,  with  the  faintest  trace  of 
ammonia,  passing,  if  much  ammonia  is  present,  to  the  formation  of  a  yellow- 
broAvn  precipitate  of  the  di-mercuric-ammonium  iodide. 

Nessler's  solution  is  made  by  "  taking  35  grammes  of  iodide  of  potasli, 
13  grammes  of  corrosive  sublimate,  and  about  800  c.c.  of  water.  Tliese 
materials  arc  then  heated  to  boiling,  and  stirred  up  until  the  salts  dissolve. 
That  having  been  accomplished,  a  cold  saturated  solution  of  corrosive  sublimate 
in  water  is  cautiously  added,  until  tlie  red  periodidcof  mercury,  which  is  pro- 
duced as  each  drop  of  the  solution  falls  into  the  liquid,  just  begins  to  be 
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permanent.     In  this  manner  we  obtain  the  sokvtion  o     he  iodide  of 
potassium  saturated  with  mercury  periodide,  '^"'i  f^^^^,  .^^^^^^^^ 

suificiently  alkaline,  and  to  render  it  sensitive     This  ^^J^^^^^l^^^  ^^^^^^^^ 
adding  160  grammes  of  solid  caustic  potash,  or  120  grammes  ^f^'J^^f 
to  the°liqui|  which  is  afterwards  to  be  diluted  with  water  so  1-  ^W^^^^^^^ 
volume  of  the  solution  may  comprise  one  htre.    In  order  to  iend«^^^^^^^^^ 
iSe,  reagent  sensitive,  it  Is  mixed  finally  -i^h  a  httle  inor^^^^^^^^^ 
solution  of  corrosive  sublimate  and  allowed  to  settle^  - 

(2)^   milU-normal  Standard  Solution  of  Mwiomum  (^^f^  '  . 
AmiUnium  chloride  repi.^^^^^^ 

—oil^^^^^^'^  1  °f  distilled  water,  Uiat 
SroiiwiiT  beamilli-normal  one  and  equal  0-017  gramme  of  ammonia, 
and  1  cc.  of  this         solution  will  equal  0-017  mgm.  of  ammonia; 

To  perform  the  process,  place  250  c.c.  of  the  water  ^f^^P^^  "^^^jf  ^^(^ 

•then  attach  the  retort  to  the  ^'^S  f  .'^-'^-r '/"^^f  \  t w^^^^^^ 
on  •  PnllPct  1  CC  more  of  the  distillate,  and  test  it  with  lew /irops  ui 
Neskef to  see  f  any  ammo  is  still  coming  over;  if  so,  f  e  distiUation 
S  be  cLtinued'longer.  Carefully  measure  the  amoun  o^  ^^f^^'^^^ 
test  a  little  with  Nessler's  solution  in  a  test-tube;  and  li  the  colour  oe  no^ 
00  da  Make  100  c.c.  of  the  distillate  and  P-V  ot^'5fc1f  Ne^^^^^^ 

7Zi  If  the  coZ  i^spon'd  ate  three  to  five  mmutes  the 
ot  JNessier.    ii  tu  amount  of  ammonium  cldoride  used  is  read 

process  is  finished,  ^"'i  ^  °     ^  nttle  more  ammonium  chloride 

off.    If  the  colours  are  ^  f^.^i,  i.^^  must  be  taken, 

so  long  as  no  haze  shows  itsdf    if  ^^^oes  then         ^         ^^^^  ^^^^ 

SLe  not  used,  multiply  by  0^017  to  gve  nign.  of^  ^J^^^ 

per  litre,  or  parts  per  100,000. 

r  lin  wpvp  distilled:  100  c.c.  were  taken  for  the 

C.L:  th™,  2.3xll?xO-017xO-4=0-02189  p.,  100,000  .trr.,.mm.n». 

^        t  fi.n  ,i;«fillntp  after  the  addition  of  Nesslcr's  re- 
Shoukl  the  colour  of  used,  and  made  up  to 

agent,  prove  ^oo  ^ --k,  a  smalki  q^^^^^^^^^  ^^^^  ^  ^ 

100  cc.  with  distilled  ^^'^^^'^l- .  t  /i,,^  of  the  result,  on  the  ground  that 

Nesslerising  It  and  then  adduig  0^^^  J  .^^  ^^^^  ^^.^^  ^ 

(as  he  says)  tliree-quai^ers  of  the  an^^^^^^  ^  ^ 

He  also  states   hat  ^llf;  ^"     ^^^f  ^^^i^^^^^ 

satisfactory  resul  s.  The  Society  (^^  Nesslerised  until  ammonia  ceases  to 
portions  being  distilled  ^^^^'/^^^^t^'.^  ^'tley  that  the  whole  of  the 
ippear.     Practically  ?ve  have  at  ^  et  y  ^^^^^^^^^ 

rrihrr^tniaS^ty  —  itir^y  ceased  to  come 
""when  a  Liebig's  condenser  cannot  be  obtained,  a  flask  may  be  used 
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instead  of  a  retort,  and  the  distillate  conveyed  to  tlie  receiver  by  a  tube  of 
glass  (or  block  tin)  passing  through  a  vessel  of  cold  water,  which  must  be 
renewed  from  time  to  time.  The  tube  may  be  bent  in  any  convenient  way, 
so  as  to  expose  it  to  the  cooling  water  as  much  as  possible.  Every  part  of 
the  apparatus  must  be  scrupulously  clean  and  well  washed  with  distilled 
water  previous  to  commencing  the  experiment.  It  is  well  to  wash  the 
retort,  flask,  and  glass  tubes  with  dilute  sulphuric  acid,  and  then  rinse  them 
out  clean  with  distilled  water.  In  distilling,  the  retort  must  not  be  thrust 
well  into  the  flame ;  the  distillation  should  be  carried  out  so  that  about 
50  c.c.  comes  over  in  fifteen  minutes.  If  the  water  is  acid,  the  addition 
of  a  little  pure  or  recently  heated  sodium  carbonate  may  be  made,  but 
in  ordinary  circumstances  it  is  not  necessary,  and  is  not  advisable. 

The  typical  yellow  or  brownish  colour  produced,  when  Nessler's  solution 
is  placed  in  the  presence  of  minute  quantities  of  ammonia,  is  due  to  the 
precipitation  of  the  di-mercuric-ammonium  iodide  (NHggI),  that  is,  am- 
monium iodide  (NH^I),  from  which  the  four  atoms  of  the  monad  hydrogen 
have  been  displaced  by  two  atoms  of  the  dyad  mercury :  thus,  NH3  + 
2Hgl2  =  NHg2l-l-3HI. 

The  "  free "  or  "  saline  ammonia "  rejjresents  the  ammonia  combined 
with  carbonic,  nitric,  or  other  acids,  and  also  what  may  be  derived  from 
urea,  or  other  easily  decomposable  substances,  if  they  are  present.  The 
limit  in  pure  waters  is  taken  at  0*002  centigramme  per  litre  ;  in  bad  waters 
it  often  reaches  100  times  this  and  more :  in  usable  waters  it  should  not 
exceed  0-005. 

After  the  distillation  of  the  free  ammonia,  the  residue  of  the  water  in 
the  retort  is  used  for  determining  the  alhuminoid  ammonia,  to  be  now 
described. 

Determination  of  the  Albuminoid  Ammonia. — In  addition  to  the 
Nessler's  solution  and  the  standard  ammonium  chloride  solution  used  in 
the  last  process,  the  following  is  required : — 

An  alkaline  Permanganate  of  Potash  solution,  made  by  dissolving  200 
grammes  of  caustic  potash  and  8  grammes  of  potassium  permanganate  in 
1100  c.c.  of  distilled  water,  and  then  rapidly  boiling  the  solution  down  to 
1  htre  or  1000  c.c. 

To  make  this  determination,  add  to  the  residue  left  in  the  retort 
employed  in  the  last  process  25  c.c.  of  the  alkaline  permanganate  solution, 
and  25  c.c.  of  ammonia-free  distilled  water.  Proceed  to  distil  over  as 
before,  and  continue  to  do  so  until  no  more  ammonia  comes  over ;  this  it 
will  generally  cease  to  do  after  some  110  or  120  c.c.  have  been  distilled. 
This  ammonia  is  the  so-called  albuminoid,  due  to  the  breaking  up  of  any 
organic  matter  present  in  the  water  under  the  influence  of  an  oxidising 
agent  in  the  presence  of  a  caustic  alkali.  The  determination  of  the 
ammonia  in  this  case  is  conducted  in  precisely  similar  fashion  as  for  the 
free  ammonia. 

Example. — Suppose  120  c.c.  were  distilled  over  ;  100  c.c.  were  tal<en  for  the  experi- 
ment ;  4*5  c.c.  of  ainmoiiium  chloride  solution  were  required  to  give  the  proper  colour ; 

then  4-5  x  ^  x  0-017  x  0-4  =  0-03672  of  albuminoid  ammonia  per  100,000. 

In  th  is  procesH,  before  adding  the  alkaline  permangnnate  solution  to  the  residue  in 
the  retort,  it  is  as  well  to  boil  it  (the  permanganate)  for  live  minutes  in  order  to  get  rid 
of  any  traces  of  ammonia  which  may  be  in  it. 

The  object  of  this  process  is  to  get  a  measure  of  the  nitrogenous  organic 
matter  in  water,  by  breaking  it  up  and  converting  the  nitrogen  into 
ammonia  by  means  of  potassium  permanganate  in  presence  of  an  alkali : 


"J-Q  WATER. 


the  ammonia  can  be  distilled  off  and  estimated  as  above    It  is  to   e  under 
stood  that  this  does  not  deal  with  all  the  nitrogenous  ^^^^teis  but  the  es^^^^^ 
are  sufficiently  uniform  to  be  useful.    As  so  calculated  ^ 
ammonia  is  approximately  one-tenth  of  the  nitrogenous  matter  m  water 
'Tn  il-inkiSl  waters  of' good  quahty.  the  albuminoid  -^--^^-^^^"^^^^^ 
exceed  0-01  pe°r  100,000.    Much  albuminoid  ammonia,  with  a  BmaU  «t 
of  free  ammonia,  indicates  usually  vegetable  ^^^^^^^f  ^"^^^^^^ 
if  the  clilorides,  nitrites,  and  nitrates  are  low.    Peaty  7;ters  o^^^^^^^^^ 
larcre  quantities  of  albuminoid  ammonia,  which  is  evolved  f  ^^^^^  ^^^/^kl 
wLat  persistently  ;  badly  polluted  waters,  on  the  other  ^>£^fy  ^^'^^ 
their  high  proportion  of  albuminoid  ammonia  Pyo^Ptly^'^^^^^.^^^^'f  J 

Deternlination  of  the  Organic  Nitrogen. -The  amplication  of  K^eldald  s 

nitrogen  process  affords  a  very  convenient  method  f f  ^^^^^^^^^^ 

mination  in  natural  waters,  and  i^«t^■°"g  y      ''"^^^^^^f  tl?e,i^^    If  tie 
nf  witers  containing  large  quantities  of  nitrogenous  mateiiai.     ii  uie 
pedmrcrl     examined'at  once  a  little  dilute  ^^^^^ 
added,  which  will  prevent  the  development  of  fermentation  piocesses.  ine 

actual  process  is  as  follows  :—  f;  nr  10  c  c  of  dilute 

'^nn  oc  to  500  c.c.  of  the  water,  acidified  with  D  or  iu  c.c.  oi  uu 
suMuu-ic  ac  d  are  evaporated  down  to  100  c.c.  and  then  transferred  to  a 
fl       wi?h  a  iw^^^^^  If  Biore  than  traces  of  nitrates  are  present 

30  cc  ^coldXIted  sulphurous  acid  are  added,  and  after  Aye  minutes 
ffew  drops  of  chloride  of  iron  a..  V^^^J^^^^ 

chiefly  SO3        J^;!'''^  ,vill  condense  in  the  upper  cool  part 

a  ™le  the  oxkUtion  process  '^^l^  IZ^ZTJZ  gradually  added, 
of  the  flask  >  ™  100  °  c.  of  a  solution  °of  caustic  soda 

of  I  or  ^  sulphuric  acid,  which  is  then  titrated  with  _  or  _  alkaline 
10     20     '  N 
solution,  using  htmus  of  methyl  orange  as  an  indicator.    One  c.c.  of 
sulphuric  acid  =  0-0017  gramme  of  ammonia,  or  0-OOU  gramme  of  nitrogen. 

S„lc.-m  C.C.  of  an  impure  water  treated  in  the  above  n^anner  gave  so  much 
ami    that  30  c.c.  of  g  only  required  17-7  c.c.  of  ^  alkali  to  neutralise  it  ; 

r    f!     he  500  c  c  of  iater  contained  30  - 17-7  =  12-3.12-3  x 0-OOH  =  0-01722 gramme 
therefore  the       -c^of  0^01722x^000^ 3.,,  „Urogeu  (Tiemann- 

of  nitrogen.    In  100,000  parts  .^^ 


Giirtner). 
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Determination  of  the  Nitrites.— When  organic  matter  putrefies  or  de- 
composes it  becomes  reduced  to  its  absohite  elements.  Of  these,  nitrogen 
is  the  chief,  and  this  combining  with  hydrogen  forms  first  ammonia,  hence 
the  presence,  more  or  less,  of  free  or  saline  ammonia  in  a  water  when  at  all 
polluted  with  organic  matter,  such  as  raw  sewage.  In  the  course  of  time, 
or  as  it  percolates  through  the  soU,  the  ammonia  in  the  water  acquires 
oxyo-en  and  gradually  becomes  partially  oxidised  to  nitrous  acid,  HNO.^,  or 
to  nitric  acid,  HNOg,  Avhich  acids,  by  combining  with  bases  like  calcium, 
sodium,  or  potassium,  form  nitrites  and  nitrates.  _  The  oxidation  of 
matter 'cannot  go  beyond  the  formation  of  nitric  acid  and  nitrates,  while 
the  nitrous  acfd  and  nitrites  mark  an  intermediate  stage  of  imperfect 

oxidation.  .  .  . 

The  determination,  therefore,  of  nitrites  and  nitrates  m  a  water  is  im- 
portant, as  indicating  either  a  pollution  at  some  remote  period  with  possibly 
dangerous  matter,  or  more  recently  with  a  partially  or  completely  oxidised 


sewage 


Waters  fouled  by  vegetable  matter  yield,  as  a  rule,  httle  nitrite  or  nitrate, 
chiefly  because  not  only  does  vegetable  decomposition  yield  relatively  little 
nitrogen,  but  also  because  the  natural  tendency  of  all  plant  life  is  to  remove 
both  nitrites  and  nitrates  from  a  water. 

For  the  direct  determination  of  nitrites,  in  terms  of  nitrous  acid  (NO.^), 
two  processes  are  available,  namely,  Griess's  by  means  of  meta-phenylene- 
dianiine  and  dilute  sulphuric  acid :  and  Ilosvay's  modification  of  Griess's 
test  by  means  of  sulphaiiilic  acid  and  naphthylamine.  Both  are  extremely 
sensitive,  and  require  for  their  conduction  one  or  more  of  the  following 
solutions. 

(1)  Dilute  Sulphuric  arid,  consisting  of  one  volume  of  strong  acid  to 
two  of  distilled  water. 

(2)  A  solution  of  Meta-pliemjlenediamine,  made  by  dissolving  5  grammes 
of  meta-phenylenediamine  in  a  litre  of  distilled  water,  rendered  acid  with 
sulphuric  acid.  This  should  be  decolorised,  if  necessary,  by  filtering 
through  animal  charcoal. 

(3)  A  milli-normal  Standard  solution  of  Potassium  Nitrite.— 0\vmg  to 
the  unstable  nature  of  this  salt,  it  is  necessary  to  prepare  it  specially  for 
making  up  this  solution.    By  the  following  chemical  equation, 

AgNOg  +  KCl  =  AgCl  +  KNOg, 

154  74-5  143-5  85 
■it  is  seen  that  154  parts  of  pure  silver  nitrite,  in  the  presence  of  74'5  parts 
of  potassium  chloride,  are  decomposed,  with  the  formation  of  143 '5  parts  of 
silver  chloride  and  85  parts  of  potassium  nitrite,  or  46  of  nitrous  acid,  as  re- 
presented by  NO.,.  Hence,  if  1-54  grammes  of  pure  silver  nitrite  be  dis- 
.solvcd  in  hot  water,  decomposed  with  a  slight  excess  of  potassium  chloride, 

N 

allowed  to  cool,  made  up  to  a  litre,  we  obtain  a  ^  solution  of  potassic 

nitrite  equalling  0-46  gramme  of  nitrous  acid  as  NO.^.  If  each  100  c.c.  of 
this  solution,  after  standing  and  subsidence  of  the  silver  chloride,  be  again 

diluted  up  to  a  litre  with  distilled  water,  we  get  a  — —  solution  of  KNO2, 

equalling  0-046  gramme  of  N0._;,  and  each  c.c.  of  which  equals  0'046  of  a 
milligramme  of  NO^. 

(4)  A  solution  of  SulphaniUc  acid,  made  by  dissolving  0'5  gramme  in 
150  c.c.  of  diluted  acetic  acid  (sp.  gr.  1-04). 

(5)  A  eolation  of  Naphthylamine,  made  liy  dissolving  O'l  gramme  in 


78  WATER. 

20  c.c.  of  distilled  Avater,  then  filtering  and  mixing  the  filtrate  with  180  c.c. 

of  dilute  acetic  acid.  . 

Griess's  test  is  thus  performed.    One  c.c.  of  the  dilute  sulphuric  acid 
and  1  c.c.  of  the  meta-phenylenediamine  solution  are  added  to  100  c.c.  of 
the  water  to  be  examined,  placed  in  a  Nessler  glass ;  if  an  orange  colour  is 
immediately  produced,  the  tint  wiU  prove  too  deep  for  comparison,  and 
another  trial  must  be  made  with  50  c.c.  of  the  water  diluted  up  to  100  c.c. 
of  distilled  water,  when  probably  only  a  faint  colour  will  be  perceived.  Ihe 
object  of  this  preliminary  trial  is  to  find  out  the  amount  of  the  water  which 
can  be  used  in  the  experiment ;  the  proper  amount  to  use  is  that  which 
gives  only  a  faint  trace  of  colour  on  the  addition  of  the  reagents.  Having 
decided  the  amount  which  can  be  used,  it  must,  if  less  than  100  c c,  be 
diluted  up  to  this  amount  with  distilled  water  and  then  placed  in  a  Nessler 
"lass     Trial  glasses  containing  different  amounts  of  the  standard  nitrite 
solution  diluted  up  to  100  c.c.  with  distilled  water  are  then  made.  One 
c  c  of  the  dilute  sulphuric  acid  and  1  c.c.  of  the  meta-phenylenediamine  are 
next  added  to  the  Nessler  glass  containing  the  water  to  be  exammed  and  to 
each  of  the  trial  glasses  as  quickly  as  possible,  so  that  the  colours  m  the 
classes  may  develop  from  exactly  the  same  time.    The  glasses  are  compared 
at  the  end  of  ten  to  fifteen  minutes  and  the  amount  of  standard  solution 
determined,  which  gives  the  same  colour  as  the  nitrite  in  the  water  imder 
examination.    If  the  tints  are  not  exactly  matched  at  the  first  trial,  a  second 
attempt  must  be  made,  all  the  glasses  being  again  fiUed  at  exactly  the  same 
time     The  standard  potassium  nitrite,  being  of  the  strength  of  1  c.c.  =  OVib 
milligramme  of  NO,,  or  nitrogen  tetroxide,  the  number  of  c.c.  used  gives 
the  milligrammes  of  NO2  present  in  the  sample  of  water. 

E.mviplc.-k  sample  of  water  containing  a  good  deal  of  nitrous  acid  is  taken  and  25 
c  c  made  up  to  100  c.  c.  with  pure  distilled  water,  put  m  a  Ness  er  glass.  One  cc.  of  the 
sulphuric  acid  and  1  c.c.  of  the  solution  of  meta-phenylenediamme  added :  a  distinct 
oS  coloui  is  obtained.  Into  another  Nessler  glass  2  c.c.  of  the  standard  potassium 
X?e  are  purrnade  up  to  100  c.c.  with  distilled  water,  and  the  same  shade  of  tint 

obtained  with  the  solution  as  above.  ,.      ^  .  -i  nnn 

Then,  2  X0-046X  4  =  0-368  mgms.  NO^  in  100  c.c.  of  water  or  parts  per  100,000. 

Multiplying  this  by  A.  =  li=0-304  gives  the  equivalent  in  terms  of  nitrogen. 

The  above  is  a  very  accurate  method  of  determining  nitrites,  but  some 
care  is  required,  for  both  the  water  and  the  colouring  solution  must  be 
either  colourless  or  decolourised.  The  chief  objections  to  Griesss  test  are 
that  the  colour  reaction  only  develops  after  some  five  minutes,  and  the 

solutions  are  liable  to  change.  1    .   ^  ^-  n 

It  may  be  well  to  mention  here  that  the  method  of  stating  the  results 

varies,  as  in  the  case  of  nitric  acid,  some  reckoning  as  HNO    some  as  Is  A, 

ind  others  as  NO.,.    The  last  is  the  best,  as  it  corresponds  to  CI.    In  tlie 

s^mie  wa^Noi  is  to  be  preferred  for  the  nitric  acid.  SO,  for  the  sulphuric 

'ifid  and  I'O,  for  the  phosphoric  acid. 

ilosvay's'test  is  performed  by  placing  100  c.c  of  the  water  sample  in  a 

colour  comparison  or  Nessler  glass,  and  then,  by  means  of  a  pipette  or 

Cette,  adding  2  c.c.  each  of   the  solutions  of  sulphanilic   acid  nd 
nnhthvlamine     If  nitrites  are  present,  a  pmk  colour  is  produced.  Into 
o    er  clean  dass  1  c.c.  of  the  standard  nitrite  solution  is  placed,  made  up 

•^^ZS^^n^^  to  100  cc,  and  treated  with  the  reagents  as  above. 

At  the  end  of  five  minutes  the  colour  of  the  two  solutions  are  compared, 

and  the  colours  equalised  by  diluting  the  darker. 

c.  inn  P  p  of  water  sami)le  is  darker  than  the  distilled  water, 

oonSSS  lfo'lT.  tZrnitritrS.    It  i.  t.  dih...  the  w.t.. 


DETEBMINATION  Of"  NITRATES. 


79 


sample  down  to  the  tint  given  by  the  other  :  60  c.c.  of  the  100  c.c.  are  taken  and  made 
np  to  100  with  distilled  water  :  on  comparison,  suppose  the  colour  to  be  still  too  deep  : 
70  c.c.  of  this  diluted  water  is  then  taken  and  compared  with  the  other.  Presuming 

60  70 

that  the  colours  or  tints  now  coincide,  we  get  ^  ^  T00~^^  °^  original  100 
C.C.  equal  to  1  c.c.  of  the  standard  potassium  nitrite  solution,  which  again  equals  0-046 
mgm.  of  NO2:  therefore  Mii^^=a;  =  0-085  mgm.  NOg  in  100  cdi,  or  0-085  part 
per  100,000. 

Had  the  glass  containing  the  1  c.c.  of  standard  sokition  been  the  darker, 
that  could  have  been  diluted  down  in  a  similar  way,  and  the  various 
fractions  calculated  as  jiarts  of  1  c.c.  or  equivalents  of  1  c.c.  in  terms  of 
NO,. 

The  reactions  in  this  process  consist  in  the  conversion  of  the  sulphanilic 
acid  into  diazo-henzene  sulphonic  anhydride,  by  the  nitrites  present :  this 
compound  is  in  turn  then  converted  by  the  naphthylamine  into  azo-a-amido- 
naphthalene-parazobenzene  sulphonic  acid.  It  is  this  last  named  compound 
which  gives  the  pink  colour  to  the  liquid.  Thus, 

Sulphanilic    Nitrous  Diazo-benzene 
acid.  acid.  sulphonic  acid. 

CgH^NSOa  +  HNOa  =  CgHjNaSOs  +  'iHaO 

Uiazo-benzene  -won^ifiivinmino  Azo-alpha-amido-napthalene- 

sul phonic  acid.  J>apnonyiaraiiie.  parazobenzene  sulphonic  acid. 

CeH^NaSOa+CioH^NHgCl  =  CioHe(NH2)NNC,iH4HS03  +  HCl. 

It  may  be  accepted  as  a  good  rule  that  no  water  ■which  shows  the 
presence  of  nitrites  is  fitted  for  domestic  use. 

Determination  of  the  Nitrates. — For  this  estimation  we  have  two 
convenient  processes,  either  of  which  can  be  readily  performed :  they  are 
(1)  the  phenol-sulphuric  acid  method,  and  (2)  the  aluminium  process. 

Phenol-Sulphuric  Acid  Method. — This  method  is  simple  in  its  applica- 
tion, and  yields  good  results  :  for  it  the  following  solutions  are  required  : — 

(1)  Phenol-sulphuric  acid,  made  by  adding  6  grammes  of  jiure  phenol 
and  3  c.c.  of  distilled  water  to  37  c.c.  of  strong  sulphuric  acid  free  from 
nitrates. 

(2)  Standard  solution  of  Potassium  Nitrate,  made  by  dissolving  0-722 
gramme  of  recently  fused  nitrate  of  potassium  in  water,  and  the  solution 
subsequently  made  up  to  a  litre.  One  c.c.  of  this  solution  will  contain  O'i 
milligramme  of  nitrogen. 

Tlic  process  is  thus  performed:  10  c.c.  of  the  water  under  examination 
and  10  c.c,  of  the  standard  potassium  nitrate  solution  are  evaporated 
separately  just  to  dryness  in  two  porcelain  or  platinum  dishes.  To  each  of 
the  residues,  1  c.c.  of  the  phenol-sulphuric  acid  is  added  and  thoroughly 
juixed  by  means  of  a  glass  rod.  If  the  water  under  examination  contains  a 
large  amount  of  nitrates,  the  liquid  will  quickly  turn  red ;  if  it  contain  but 
a  small  quantity,  this  colour  will  not  appear  for  about  ten  minutes.  After 
the  di.shes  have  stood  for  from  ten  to  fifteen  minutes,  their  contents  are 
wa.shed  out  successively  with  25  c.c.  of  distilled  water  into  two  clean 
Xe.s.s]cr  glasses,  about  20  c.c.  of  liquor  ammonia  added  (sp.  gr.  0"96),  and 
both  made  up  to  100  c.c.  with  more  distilled  water. 

Any  nitrate  present  in  the  solutions  converts  the  phonol-sulj)hurie  acid 
into  i)icric  acid,  which,  by  tlic  action  of  the  ammonium,  fonns  ammonium 
I)icrate  :  this  gives  a  yellow  colour  to  the  solution,  the  intensity  of  which 
is  proportional  to  the  amount  present. 

The  colours  of  the  two  solutions  arc  now  compared,  and  the  darker  one 
diluted  until  tlie  tints  arc  adjusted,  the  calculation  being  made  as  explained 
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in  the  description  of  Ilosvay's  test  for  nitrites.  Tlie  comparative  volumes 
of  the  liquids  furnish  the  necessary  data  for  determining  the  amount  ot 
nitrate,  as  the  following  example  will  show. 

Smnwlc-S^Y  10  c.c.  of  tlie  water  sample  and  10  cc.  of  the  standard  niti-ate 
solution  have,  afSr  treatment  and  dilution  each  to  100  c.c    given  two  B^^a^es  of  yellow 
of  w  ich  that  from  the  standard  solution  is  the  darker.    This  on  being  d.l^ 
c  c    is  still  found  to  be  too  dark,  but  this  again,  on  being  further  di'iited  to  900  c.c 
gives  the  required  match  in  colour.    As  the  10  a  c.  o  standard 
freated  equal  1  milligramme  of  nitrogen,  then    900  :  100  :  :  1  :  ^-0  ^  ^f  ^'  ° 
nitrogen  in  10  c.c.  of  the  water  sample,  or  M  part  of  nitrogen  fiom  nitrates  per 
100,000.    If  expressed  as  NO3,  this  equals  4-3  per  100,000. 

In  the  case  of  very  good  waters,  it  is  better  to  evaporate  down  2^,  50,  or 
more  c.c.  of  the  sample  and  only  5  c.c.  of  the  standard  nitrate  of  potassium : 
if  the  water  under  examination  he  very  rich  in  nitrates,  10  cc  ot  tlie 
sample  should  be  pipetted  into  a  100  c.c.  measuiing  flask,  and  ^^^f 
the  mark  with  distilled  water,  then  10  c.c.  of  this  well  mixed  and  dil  ted 
liquid  (=1  cc.  of  original  water)  withdrawn,  evaporated,  and  treated  as 

Aluminium  Process.-If  to  a  strongly  alkaline  water  some  aluminium 
foil  be  added  decomposition  of  the  water  ensues  ^^ith  the  evolution  ot 
hvdrocren.  If  nitrites  or  nitrates  be  present  m  the  water  these  salts  aie 
reduced  by  the  hydrogen  with  the  result  that,  on  being  boiled,  their  nitrogen 

"  "^tS^^e^  for  the  determination  of  the  nitrates  are  (1)  some 
thin  aluminium  foil,  and  (2)  a  solution  of  sodium  hydrate.  This  1  best 
by  dissolving  100  grammes  of  solid  sodium  hydrate  in  1  litre  of 
dialed  water.  When  cold,  introduce  a  strip  of  aluminium  foil,  l^eviously 
hea  ed  to  just  short  of  redness,  wrapped  romid  a  glass  rod.  When  the 
iumhiium  is  dissolved,  boil  the  solution  briskly  in  a  porcelain  basin  mt 
Xu  one-third  of  its  volume  has  evaporated  :  allow  it  to  cool  and  make  it 
t  fo  ?ts  original  volume  with  ammonia-free  distilled  water.  The  solution 
^linuld  be  tested  to  prove  the  absence  of  nitrates.  ,    ,   ^      ^  l-^ 

100  c  c  of  the  water  sample  with  100  c  c  of  the  sodium  hydrate  solution 
and  a  strip  of  the  aluminium  foil  are  placed  in  a  retort,  corked  and  left  foi 
or  moie  hours     At  the  termination  of  this  time,  heat  must  be  applied, 
afircmlctin"  the  retort  with  a  condenser,  and  the  ammonia  present  m 
the  flLTcSents  distilled  over  in  precisely  the  same  way  as  described  fo 
piimat  n'  the  free  and  albuminoid  ammonias.    The  ammonia  which  wi 
om^over  in  the  distillate  will  consist  partly  of  any  free  annnonia  w  n^^^^ 
-^Cpresent  in  the  -I^^^P^^W  —  ^Z^^ 
if  any  be  present,  ^.J^^MTTi^^e  two  former,  the  remaining 
SoSa&sf  nitri;^::;nrom  it  the  quantity  of  nitric  acid  as 

''""Te  ^iXw ^i"l;"c^f  in  the  deoxidation  of  nitnc  acid  or 

ni2^,'ajf^^^^^^  of  ammonia  by  evolution  of  hydrogen. 

4A1  +  4NaH0  +  4H,0  =  2  Al,Na,0  +  6H, 

12H2 + 3KNO3  =  3KH0 + mp  +  3NH3. 

S....^.-rresumc  that  the  whole  oftjie  ™onia  W  over  ^^^J-^^.^^ 
J-«Sum  »=r:^^'i^to  give  the  retired  .lour^  Tb.n 
i  l  m  X  0-017  =  0-816  nigm.  of  ammonia  in  100  c.c.  of  water  or  parts  per  100.000.  This 
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0-816  part  of  ammonia  in  100,000  is  the  total  ammonia  yielded  by  the  100  c.c.  of  water 
sample,  and  includes  not  only  free  ammonia  (if  any),  but  also  ammonia  due  to  nitrites 
(if  any)  and  nitrates. 

Suppose  this  particular  water  sample  to  have  already  yielded  0'005  of  free  ammonia 
and  0-52  of  nitrites  as  ISTOa,  both  in  parts  per  100,000.    The  0-52  of  NOg  is  convertible 

into  NH3  in  the  ratio  of  as  46  is  to  17,  or  0-192  of  NH,,  and  this  added  to 

4b  " 

the  0-005  of  free  NH3  =  0-197  of  ammonia  per  100,000  to  be  deducted  from  the  total 
ammonia  before  we  get  the  NH3  due  solely  to  the  reduction  of  any  nitrates  present. 
This  means  0-816- 0-197  =  0-619  per  100,000  of  NH3  representing  nitrates  as  NOg. 

Converting  this  NH3  into  terms  of  NOg,  we  get  =  2-257  mgms.  of  NO3  in  100 

c.c.  of  the  sample  or  parts  per  100,000. 

Expressed  as  nitrogen,  this  equals  0-509  part  per  100,000. 

Speaking  generally,  no  water  used  for  drinking  i^urposes  should  contain 
more  than  0-35  part  per  100,000  of  nitrogen  in  the  form  of  nitrates :  this 
equals  about  1  grain  per  gallon  of  N^Or,  or  1-5  parts  of  NO3  per  100,000. 

The  Committee  of  the  British  Association  (1899)  appointed  to  estaUish 
a  uniform  system  of  recording  results  suggest  that  all  nitrogen  compounds 
be  expressed  as  parts  of  nitrogen  per  100,000,  including  the  ammonia  ex- 
pelled on  boiling  with  alkaline  permanganate,  which  should  be  termed 
albuminoid  nitrogen. 

Determination  of  Oxygen-consuming  Power.— Although,  by  itself,  of 
little  value  as  a  measure  of  the  organic  impurity  of  a  water  sample,  this 
determination  of  its  affinity  for  oxygen,  when  taken  in  conjunction  with 
other  analytical  facts,  is  often  a  material  aid  in  forming  an  opinion  as  to 
the  quality  of  any  particular  water.  Much  of  the  organic  matter  present 
in  water  is  capable  of  oxidation,  but  since  the  ease  of  oxidation  bears  no 
constant  ratio  to  the  nature  of  the  organic  matter,  its  estimation  affords  no 
very  reliable  index  to  the  real  pollution  present.  In  all  the  efforts  to  judge 
the  oxidisable  organic  matter,  advantage  is  taken  of  the  fact  that,  in  the 
presence  of  most  organic  substances,  permanganate  of  potassium  freely  parts 
Avith  its  oxygen  until  all  the  permanganate  has  been  reduced  to  hydrated 
manganese  dioxide :  thus,  SKMnO^  =  KoMnO^  +  MnO^  +  0,.  Unfortunately, 
different  substances  reduce  different  proportions  of  permanganate,  and  slight 
variations  in  temperature  and  acidity  or  alkalinity  materially  influence  the 
readiness  with  Avhich  the  permanganate  parts  with  its  oxygen. 

To  determine  the  oxidisable  organic  matter,  use  is  best  made  of  what  is 
known  as  Tidy's  process.    This  process  is  based  upon  the  chemical  fact  that,  ■ 
in  the  presence  of  an  acid  and  heat,  the  following  decomposition  of  perman- 
ganate takes  place  :— 4KMnO,  +  m,80^=  +  iMnSO,  +  6H.,0  +  50^,  ■ 
or  in  other  words,  632  parts  of  potassiuni  permanganate  yield  in  the 
presence  of  sulphuric  acid  160  parts  of  oxygen. 

For  Tidy's  process,  the  following  solutions  are  necessary : — 

1.  Standard  Potassium  Permanganate  Solution.— Since  632  parts  of  the 
salt  with  an  acid  yield  160  parts  of  oxygen,  then  0-316  gramme  of  potassium 
permanganate,  if  dissolved  in  a  litre  of  water,  will  be  equivalent  to  0'08 
gramme  of  oxygen.  This  constitutes  the  standard  solution;  1  c.c.  of  it 
used  with  acid  yields  0-08  mgm.  of  oxygen. 

2.  Potassium  Iodide  Solution.— A  10  percent,  solution  in  distilled  water. 

3.  Sodium  Thiosulphate  Solution. — One  gramme  dissolved  in  a  litre  of 
distilled  water. 

4.  Starch  Solution. — One  gramme  of  starch  mixed  with  half  a  htre  of 
distilled  water,  boiled  for  five  minutes,  and  filtered. 

5.  Dilute  Sulphuric  Acid,  consisting  of  one  volume  of  strong  acid  to  three 
of  distilled  water. 

F 
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I„  perfo^ing  this  —  Tid,  — b«f  il^trStS' 
to  be  made,  °-  "f /''^.gU  ^^^^^^ 

exposure  at  a  temperature  of  80  ?       ffl°l  craarter  of  an  hour,  the 

the  same  heat.    He  eons.dered         .*"''"8  were  oxidised, 

„>ore  or  less  putrescent  casay-o^^^^^^^^^^^^ 

while  the  oxidation  of  the  ^^^j,  information  as  can  be 

1'"  tLe7at  the  ud  of  Mteen  Suutes  ;  therefore,  except  in  sijecal 

250  C.C.  of  "« r/''i2'oVc  )  "he^  te  required  t^miW-ature  ^ 

in  a  water-bath  to  80  i^.  (^o  I  (^.)>  ^  ,  •  „  a  nhik  colour  wiU  result. 
U.ed,addlOc.c  of  theperBrau|anateso^^^^^^^^^  .t^C Tether  the  pink 
Maintain  the  bottle  coirtents  at  80  * ; ' '^^f j'^.  "°  ^^^^^^^  At  the 

tint  is  discharged;  if  ^j-V^X^^watfr  t^ee  d^^^^^^  the  iodide  of 
end  of  fifteen  minutes   add  to  tt^e  w^^^^^^  ^^^^^^ 

potassium  solution.    Owmg  to        «  '^^^'S ,    explained,  this  wiU  liberate 
Mailable  f.-om  tl-  permanganat^;^^^^^^^^^^^^^^ 

iodine  from  the  iodide,  with  t^*^  =  2OKHO  +  lOI,- 

wqi  now  become  yellow :  ^^'^^^^-Cfm  ot  course,  be  dependent  on  the 
The  quantity  of  lodme  set  f  e^^^^^^^  If, 

amount  of  potassium  P«rdepen^^^^^^^^^^      the  amount  of  permanganate 
the  iodine  set  free  is  absolutely  depenacu    i  ^^^.^^^^  ^^^^ 

left  unreduced  by  the  organic  jtte   ^^J^^^^^^  unused  oxygen, 

estimation  of  the  lodme  hberated  ^  ^  ^^^^^ble  by  the  original  quantity 
and  this,  deducted  from  -^^^  J^' l^'^Zte  oTZ  oxidisable  organic  matter 
of  permanganate  added,  will  give  a  measure 

in  the  250  c.c.  of  water.  ,  the  foUowing  manner.    To  the 

We  proceed  to  make  these  f^^lf^^tTorL  gradually  added  .^dth  the 
iodineiited  --ter,  the  tlnosuli^ate 

object  of  reducing       thus,  1^  +  2-N  a^^^^a  y  ^^^^  the  water, 

know  exactly  when  all  '^^Jl^l   '^^'^^^^^^  is  added;  this,  so 

an  indicator  m  the  form  of  1  c-^-      ™  ^  ^ue  tint.    Therefore,  con- 

long  as  any  free  iodine  is  Vl^^-^J^l^';:  ^top  the  moment  all  the  blue 

tinning  the  addition  of  J^^^  of  thiosulphate  used, 

colour  has  gone,  and  read  off  the  actual  c  ^^^^^^^^^^^^  ^^^^^  ^^^^ 

Unfortunately,  thiosulphate  of  ^"fj^^^^^^^^  j/^   d,  at  the  time  of  each 
particular  value  as  a  reducing  ^S'^l.^''^^^^  an  identical 

Lperiment,  by  means  of  a  ^^.^^^.^^^.^^^^^^^^^^  ,vai  used  for  the  unknown 

quantity  of  permanganate      ^     ^^^^^^  250  c.c.  of  distilled  water  are  placed 
sample.  Accordingly.mto  a  snn  a  b^^^^^  ^^^^  ^^^^         ,,,,ouiit  of 

heated  to  80"  F.,  10  c.c.  of  the      f  ,dded,  and  the  whole  kept 

permanganate  as  was  used  for       ^  f ^        ^..i^g  to  there  being  no  organic 
80"  F.  for  fifteen  minute      f  ,  ^^^^^^^^^^^^  from  the  permanganate 

matter,  practically  the  whole  of  the  ox  ^^^^  consequently,  0x1  the 

under  the  circumstances  will  be  ' iodine  will  be  liberated,  and 

Slition  of  three  drops  of  po—  The  iodide,  the 

more  of  the  thiosulphate  will  be  i  ji^i^^  ^ 
ctarch,  and  the  thiosulphate  are  added  Precise  y  disappear- 
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periment.  And  the  difference  between  the  amount  of  thiosulphate  solution 
needed  to  reduce  the  x  amount  of  potassium  permanganate  in  the  pure  distilled 
water,  and  that  required  for  the  same  amount  Avhich  has  been  more  or  less 
decomposed  or  reduced  by  oxidisable  organic  matter  in  the  water  sample,  will 
represent  the  quantity  of  oxygen  consumed  by  such  oxidisable  matter. ' 

Example.— B&y  10  c.c.  of  KMn04  in  tlie  distilled  water  have  used  up  40  c.c.  of 
the  thiosulphate  solution  :  therefore,  40  c.c.  of  the  thiosulphate  may  be  considered  as 
equivalent  to  10  c.c.  of  KMnOj  or  0'8  nigm.  of  oxygen. 

Another  10  c.c.  of  KMn04,  in  the  unknown  sample,  have  used  up,  say,  32  c.c.  of 
thiosulphate  solution  :  therefore,  an  amount  of  oxygen  equivalent  to  the  difference  be- 
tween 40  and  32  c.c.  of  thiosulphate  solution  has  been  taken  up  by  the  organic  matter. 
But  if  40  c.c.  of  thiosulphate  equal  O'S  mgm.  of  oxygen,  then  8  c.c,  or  the  difference 
between  40  and  32,  equal  0-16  mgm.  of  oxygen.  This  means  that  0-16  mgm.  of  oxygen 
IS  taken  up  by  250  c.c.  of  the  water  sample,  or  parts  per  250,000 :  this  multiplied  by 
0-4  equals  0-064  part  of  oxygen  consumed  by  the  oxidisable  organic  matter  per  100,000. 

In  performing  this  process,  the  permanganate  added  must  be  sufficient 
to  create  a  pink  colour,  which  remains  distinctly  permanent  at  the  end 
of  the  heating.  If  the  four  hours  test  be  applied,  it  may  be  necessary  to 
make  repeated  additions  of  the  permanganate  solution.  The  total  quantity 
actually  used  must  be  carefully  noted,  and  the  same  amount,  of  course, 
employed  in  the  distilled  water  experiment.  ' 

In  endeavouring  to  interpret  the  results  of  this  oxygen-consuming  process, 
it  must  be  borne  in  mind  that  besides  organic  matter,  iron  salts,  nitrites,' 
and  sulphuretted  hydrogen  will  reduce  permanganate  of  potassium;  and 
these  latter,  if  present,  must  be  duly  allowed  for.  It  is  difficult  to 
distinguish  between  the  oxygen  consumed  by  the  nitrogenous  and  the  non- 
mtrogenous  matter.  Eouglily  speaking,  the  four  hours  experiment  gives 
information  as  to  the  total  amount  of  oxidisable  organic  matter,  while  the 
fifteen  minutes  reaction  is  valuable  as  indicating  the  proportion  of  putrescent 
or  readily  oxidisable,  and  presumably  dangerous  material.  Peaty  waters 
consume  large  quantities  of  oxygen:  hence  as  in  all  other  attempts  to 
measure  the  organic  matter  in  a  Avater  sample,  the  result  of  the  oxygen 
process  must  be  considered  in  conjunction  with  the  other  analytical  data 
and  the  source  of  the  water. 

In  a  general  way,  it  may  be  said  that  waters  of  great  organic  purity  will 
not  consume  more  than  0-05  of  oxygen  per  100,000  in  fifteen  minutes  at 
bO  F.,  and  that,  when  the  oxygen  consumed  exceeds  0-1  per  100,000,  the 
sample  may  be  considered  of  doubtful  purity.  If,  after  four  hours'  exposure, 
more  than  0-3  part  of  oxygen  are  consumed  per  100,000  of  water,  th' 
sample  must  be  regarded  with  suspicion. 

Determination  of  Phosphates.— For  this  estimation,  we  require  « 
solutiim  of  Ammonium  Molybdate,  made  by  dissolving  10  grammes  of 
molybdic  anhydride  in  41-7  c.c.  of  liquor  ammonia  (sp.  gr.  0-96),  tlie  solution 
being  then  slowly  poured,  with  constant  stirring,  into  125  c.c.  of  nitric  acid 
(sp.  gr.  1*20),  and  allowed  to  stand  in  a  warm  place  for  several  days  until  clear. 

_  The  process  is  carried  out  by  evaporating  500  c.c.  of  the  water,  slightly 
acidified  with  nitric  acid,  down  to  50  c.c.  A  few  drops  of  a  dilute  solution 
of  ferric  chloride  are  added,  and  then  strong  ammonia  in  slight  excess.  A 
precipitate  of  all  the  phosphates  is  formed  :  this  is  filtered  off  and  dissolved 
on  the  filter  by  the  smallest  possible  quantity  of  hot  dilute  nitric  acid.  At 
this  stage  the  filtrate  and  washings  should  not  exceed  5  c.c.  in  volume  :  if 
more,  they  must  be  evaporated  down  to  this  bulk.  The  liquid  should  now 
be  heated  to  nearly  boiling,  2  c.c.  of  the  ammonium  molyl)date  solution 
added,  and  the  liquid  kept  warm  for  half  an  hour.  If  tlicro  is  any  apjireei- 
able  precipitate,  this  must  be  collected  on  a  small  tared  filter,  washed  with 
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distiUed  water,  dried  and  we  g^^ecl.   Tl»  »  'JM^-^' C^^^^ 

ly  0-035  gives  tlie  amount  of  PA,  or  "-"'''R^f  .^^i^^su^l  ^reported,  aecord- 

ri  the  quantity  is  too  ™»  V»  ~1  ^^^i  J' ^^^^^^^^^     heavy  traces." 

following  solutions  are  required  :—  Tlissolve  O'T  gramme'  of 

A  Standard  Solution^  »/  J'^"'"  f»tf  wWi  suM  urie  acid,  and  add 
ferrous  sulphate  in  distilled  water  acidifled    ith  snip  ^^^^ 

^rsTrerdrdnrrr^rr'w  th.  simtion  eontams 

S"S«.'^r-Dilute  30  e.e.  of  pure  concentrated  nitric  acid  with 
»;  ~»  S,*»c.,a».*..-Rve  grammes  dissolved  in  100 

e.c.  of  water.  .  .  .       acidifv  100  c.c.  of  the  water 

. .  To  xnake  a  ^--^itatzve  esti^^^^  potassium 
sample  witl^  pure  hydrochloric  a';!^  J";^  i^^^-^^  be  present  to  the 
permanganate  solution  to  f  ^1^.^^^",^  J'Xed  X^^^  dryness,  in 

ferric  state.    Next  evaporate  .^^^^^^  P^^^^^t^^^^^^^  volume  of  100 

order  to  drive  off  excess  of  acid,  then  dilute  ^o^^^'^.  ^  ^_  ,f 

C.C.  with  distilled  water.    Into  '.  .ip^ocyanate  solution.  To 

the  dilute  acid  and  .15  c.c.  of  P?^^f  ^^^^^'^  .^teJ  is  added  and  hoth 
one  of  these  a  measured  ^o^l^J^^^f,  •  if  any  iron  be  present  in 

glasses  filled  up  to  100  c  c.  ^^^^^.^"'^jf  ^7,,^^  ilthe  glass  to  which 
?he  treated  water,  a  l^^^^^^.^^V  Into  tt  othrglass  some  of  the  standard 
a  measured  volume  was  added  I^^^^ir  agrees  The  precise  amount 
Ln  solution  is  added  ^^^t^firsf  g  a'ss  .dU  de^nd  upon  tli. 

of  the  treated  water  to  he  added  ^0^*11^^^^.  ^^^^^^^^^       ^^^^^  ^^^^^^  H 

^^^^"■^'e%tT:nn^^  sYl'd  ^on.  solution  to  match  it,  otherwise  the 
rcJrproduced  wilJ  he  too  deep  for  accurate  comparison. 

,„U.-B.J,  afte.  treating  100  c.c.  o^J^.^^V^^l^^SiS^" 
10  c  c.  0  it  are  added  to  a  N^.^^^^^^/^^^^^^X  ^  to^OO  c.c.  with  water.    A  red  t.ut  is 

„,  no.  per  100,000,     I    g  ^^^^^^^ 
H,cr:r^S  lL^:f-^Al'convei5e„tly  determined  hy  the  following 

-'Tstandard  So,.f  ^  /J~^X"of  dis'SltS  ""S^^ 

.  »  .ess,er.ass.d 

0-5  C.C.  of  a  saturated  f  °^  ™\,iu  be   produced.     Into  another 

resent  a  brownish-black   coloiation   ^mu         j  •     ^^^^  g^mc 

Sar  vessel  100  c.c.  of  ^isti  ed  ^^^^^^^^  .^^^^  ^^^^^.^^^  ,be 

quantities  of  ace  ic  acid  and  J  j,,  ^he  other  glass.  From 
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examination  is  readily  calculated.  The  result  should  be  expressed  both  in 
parts  per  100,000  and  in  grains  per  gallon. 

Many  waters,  especially  those  that  are  soft  and  peaty,  and  therefore 
liable  to  act  on  lead,  possess  sufficient  coloration  to  equal  0'5  or  even 
1  c.c.  of  the  lead  solution  :  if  this  is  the  case,  a  proportionate  reduction 
should  be  made  before  calculating  out  the  amount  of  lead  present.  By 
this  method  0-05  per  100,000  or  -^-^  grain  per  gallon  may  be  easily  detected.. 

Copper,  Arsenic,  and  Zinc. — The  mere  presence  of  these  metals  in 
appreciable  quantity  is  enough  to  condemn  a  water,  therefore  it  will  seldom 
be  necessary  to  determine  their  amount  quantitatively. 

Silica  may  be  determined  from  the  incinerated  residue  by  treating  it 
with  strong  nitric  or  hydrochloric  acid,  evaporating  to  dryness,  and  again 
treating  with  acid ;  distilled  water  (about  50  c.c.)  is  then  added,  and  a  little 
heat  applied  till  everything  soluble  is  dissolved ;  the  residue  is  silica,  which 
may  be  collected  on  a  small  filter,  ignited,  and  weighed.  A  number  of 
Indian  waters  contain  considerable  quantities  of  silica,  either  combined  or 
in  the  suspended  matter. 

Determination  of  Dissolved  Oxygen. — This  estimation  in  connection  with 
water  analysis  has  hitherto  been  much  neglected.  For  hygienic  purposes,  a 
method  of  estimating  dissolved  oxygen  must  be  simple,  speedy,  and  accurate, 
and  must  not  require  large  quantities  of  water.  A  further  condition  is  that 
the  water  must  not  be  subjected  to  a  diminished  oxygen  pressure,  i.e.  must  not 
be  operated  upon  in  an  atmosphere  of  inert  gas,  otherwise  there  might  be, 
according  to  the  experiments  of  Eoscoe  and  Lunt,  a  rapid  loss  by  diffusion. 

Several  methods  for  determining  the  dissolved  oxygen  in  water  haVe 
been  proposed :  the  more  notable  being  those  of  Winkler,  Dibdin,  Thresh 
and  Mohr.  The  chief  objection  to  them  all  has  been  the  necessity  of 
special  apparatus.  As  being  perhaps  the  most  simple  and  readily  applied, 
we  here  describe  Thresh's  method. 

The  process  is  based  on  the  following  facts.  When  sulphuric  acid  and 
iodide  of  potassium  are  added  to  water  containing  a  nitrite  the  amount  of 
iodine  liberated  varies  with  the  length  of  time  during  which  the  mixture  is 
exposed  to  air.  :  If  air  be  carefully  excluded  there  is  no  increase  in  the 
amount  of  iodine  set  free  after  the  first  few  minutes,  and  if  the  water  be 
previously  boiled  and  allowed  to  cool  in  an  atmosphere  of  hydrogen  or  coal 
gas,  still  less  iodine  is  liberated  :  . 

2HI  +  2HNO2  =  I2  +  STIgO  +  2N0. 

When  oxygen  has  access  to  the  solution  the  nitrifc  oxide  acts  as  a  carrier 
and  more  hydrogen  iodide  is  decomposed,  the  nitric  oxide  apparently  re- 
maining unaffected,  and  capable  of  causing  the  decomposition  of  an  un- 
limited quantity  of  the  iodide  : 

2m  +  0  =  H2O  +  I2. 

We  have  simply  to  add  to  a  known  volume  of  the  water  a  definite  quantity 
of  sodium  nitrite,  together  with  an  excess  of  potassium  iodide  and  acid,  avoid- 
ing access  of  air,  and  then  to  determine  volumetrically  the  amount  of  iodine 
liberated.  After  deducting  the  proportion  due  to  the  nitrite  used,  the  re- 
mainder represents  the  oxygen  which  was  dissolved  in  the  water  and  in  the 
volumetric  solution  used.    The  solutions  required  for  the  process  arc : — 

SolvfAon  of  Sodium  Nitrite  and  Potannium  Iodide,  containing  0"5  gramme 
of  the  nitrite  and  20  grammes  of  the  iodide,  in  100  c.c.  of  distilled  water. 

Dilute  Sulphuric  Acid,  containing  one  part  of  pure  acid  to  three  of 
distilled  water. 
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A  dear  or  fresh  Solution  of  Starch. 

Solution  Jf  Sodium  Thiosulphate,  containing  7-75  g«f//,^^;^ 
sulphate  of  soda,  in  a  litre  of  distilled  water.    One  c.c.  of  tins  solution 

'-''^T^I^r^^  of  rSnioutlied  bottle  A  (see  fig.  4),  of 
m  l  :'aS  closed  with  a  caoutchouc  stopper  "-^P" 
Through  one  passes  the  tube  B,  connected  by  a  rubber  tubmg  at  its^^^^^^ 
end  with  the  burette  C  -^^^f^^^^^^^^^^^ 

Id^cXVough  a  tW  openi"!  l^asses 
the  tube  E  which  cL,  by  means  of  rubber  tubing,  be  attached  to  the 
oidinarv -a^  supply.  Through  the  fourth  aperture  is  passed  the  tube  for 
the  S  exit  and  to  the  end  of  this  is  attached  sufficient  tubmg  to  aUow  the 
ine  gas  exit,  duu  uu  ^^^^  ^      .^^  placed  m 


a 


the  neck  of  the  separator  D  when 
the  stopper  is  removed.  A  small 
piece  of  glass  tube  projects  through 
this  cork  to  allow  of  the  escaping 
gas  being  ignited. 

The  separator  D  is  filled  with 
the  water  to  be  examined,  and  1 
c.c.  of  the  nitrite  iodide  and  1  c.c. 
of  the  acid  solution  are  added,  and 
the  stopper  instantly  fixed  in  its 
place,  displacing  a  little   of  the 
water,  and  including  no  air.  By 
inverting  the  separator  a  few  times, 
a  uniform  admixture  of  these  re- 
agents with  the  water  is  secured  ; 
then  its  nozzle  is  pushed  through  the 
bottle  cover,  and  the  whole  allowed 
to  stand  for   fifteen   minutes  to 
enable  the  reaction  to  become  com- 
plete.   A  rapid  current  of  coal  gas 
is  now  passed  through  the  bottle 
A,  until  all  the  air  is  displaced, 
and  the  gas  burns  at  G  with  a 
bright  flame.     The  flame  is  now 
extinguished,  the  stopper   of  D 

STemoved  ^^^^^^  at  G,  Ling  so  regulated  that  only 

a  small  flame  is  P^^^^i^ied.  .^^  ^  ^^^.^  ^^^^  ^^j^^,, 

Thiosulphate  IS  now  f  J^^^         ^  ^ttlo  solution  of  starch  is  then 

colour  of  the  lodiue  ^s  n^^^^  ^^^^  .^^^  ^  , 

poured  into  D,  and  about  i  .  j     j     thiosulphate  is  continued 

opening  the  stopcock,  titiati^  1  ^.^^^  ^^^^^^^^^  ^^^^^ 

^.til  the  blue  «f  «^^;;;Ve  ot'en^^  the  thiosulphate  solution  ;  if 

a  few  seconds,  duo  to  the  oxygen  m.so  howeyev,  effects  the 

so,  the  further  a^Jtion  of  a  few  ^lo^  ^^^^^^    J^^^.^^;  ^^^^^  ,3,^  off 

final  discharge,    l^^^'^'^^^  ]^^^^^^^^  a,  or  the  oxygen  dissolved 

and  recorded.    Oall  tms  e-    ^  ^         •    ^^^^  j  ^.c.  of  the  nitrite- 

;^l\tuo:^;nh1'oC^->"e  »ci/a.d  ....  solution  added.,,«  . 
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or  the  oxygen  dissolved  in  the  thiosulphate  solution  added.  To  find  the  value 
of  a,  it  is  obvious  that  h  and  c  must  be  ascertained.  Once  they  are  known, 
they  do  not  require  redetermination,  unless  the  conditions  are  changed. 

To  find  the  Value  of  b. — Having  completed  a  determination  as  above 
described,  then,  by  means  of  D,  introduce  into  A,  in  succession,  5  c.c.  each 
of  nitrite- iodide  solution,  dilute  acid,  and  starch  solution.  Then  titrate  vsath 
the  thiosulphate.  One-fifth  of  the  quantity  of  this  used  will  obviously 
represent  the  value  of  1  c.c.  of  each  of  these  solutions  as  originally  used. 

To  find  the  Value  of  c. — This  correction  is  a  comparatively  small  one, 
and  is  sufficiently  accurately  stated  if  we  assume  that  the  thiosulphate 
solution  normally  contains  as  much  dissolved  oxygen  as  distilled  water  at 
the  same  temperature;  Complete  a  determination  as  above  described,  then 
remove  the  stoppered^  bottle  D,  and  insert  a  tube  similar  to  that  attached  to 
the  burette  C,  and  drop  in  from  it  10  to  20  c.c.  of  oxygen-saturated  distilled 
water  exactly  as  the  thiosulphate  is  dropped  in.  Allow  to  stand  for  a  few 
minutes  and  titrate.  One-tenth  or  one-twentieth  of  thiosulphate,  used 
according  as  to  whether  10  or  20  c.c.  of  Avater  were  added,  gives  the  cor- 
rection for  each  c.c.  of  volumetric  solution  used.  Call  this  d.  Practically, 
for  temperatures  between  40°  F.  and  60°  F.,  the  value  of  d  may  be  taken  to 
be  0'031.  In  Appendix  IX.  is  given  a  table  showing  the  amount  of  oxygen 
dissolved  by  distilled  water,  per  litre,  at  various  temperatures. 

The  actual  calculation  of  milligrammes  of  oxygen,  dissolved  in  1  litre  of  the 
water  under  examination,  is  conveniently  made  from  the  following  statement : — - 

x  =  ^^^{e-h —  ed) :  in  which  /is  the  capacity  of  the  separator  D,  less 

2  c.c.  for  volume  of  reagents  added :  e  is  the  number  of  c.c.  of  thiosulphate 
solution  used :  h  is,  as  already  explained,  the  oxygen  in  the  1  c.c.  of  nitrite 
iodide,  acid  and  starch  solution  added.  For  strict  accuracy,  when  the 
water  sample  contains  nitrites,  as  determined  independently  by  either 
Griess's  or  Ilosvay's  tests,  a  deduction  of  oxygen  for  them  must  be  made  in 
the  proportion  of  0"017  milligramme  of  oxygen  per  litre  for  every  part  of 
nitrite  per  100,000  found,  as  they  may  act  as  oxygen  carriers. 

Example. — Say  322  c.c.  of  water  were  capable  of  being  placed  in  the  separator  D, 
this,  less  2  c.c.  for  reagents  added,  gives  320  c.c.  of  water  operated  upon=/.  After  being 
treated  as  already  explained,  presume  that  15 "2  c.c.  of  thiosulphate  were  used  =  c. 
Say  h  was  found  to  be  3"1  c.c.  and  that  d  is  taken  as  being  0"031:  then, 

a;=-li?2^(15-2- 3-1- (15-2  x  0-031))  =  9-085  milligrammes  Og  per  litre. 
4  X  3-0 

Presuming  further  tliat  the  water  contained  0'02  of  nitrites  per  100,000,  then  the 
dissolved  oxygen  per  million  will  be  9-085  -  (0*02  x  0-017)  =  9 -08466. 

The  presence  of  nitrates,  even  in  large  quantities,  does  not  interfere 
with  the  accuracy  of  this  process.  Our  knowledge  at  present  is  small  con- 
cerning the  amount  of  dissolved  oxygen  in  various  waters  :  but  the  following 
table  gives  some  results  obtained  : — 


Source  or  Kind  of  Water. 

/. 

Amount  of 
Water  employed. 

e. 

Thiosulphate 
required. 

e-h-ed. 

X. 

Milligrammes 
of  O2  per  Litre. 

Distilled  water  shaken  with 

air  at  60°  F„  . 

232-5 

11-90 

9-43 

10-14 

Rain-water,        .  . 

250-0 

11-10 

8-65 

8-65 

Do.  ... 

316-0 

13-00 

10-49 

8-30 

Shallow-well  water, 

250-0 

10-22 

7-80 

7-80 

Deep-well  water,  . 

250-0 

9-50 

7-11 

7-11 
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Duprd  1ms  endeavoured  to  employ  the  determination  of  ^^^^^l^^^  ^^^S!" 
in  water  as  a  means  of  estimating  the  proportion  of    Jf  ^"^^^J^S f^^',": 
organisms  present.    The  principle  of  his  method  is  that  P^^^^J^f '^^^^^^^^^ 
in  a  closed  vessel,  will  neither  gain  nor  lose  oxygen  m  any  l^^gt^  f  J^°^^^^ 
but  if  organisms  capable  of  causing  absorption  of  Xi^.  a  Lmpk 

quantity  will  decrease.    The  experiment  is  carried  out  by  placing  asam^^e 
of  the  water  in  a  clean  bottle,  and  vigorously  shaking  it  to  saturate  with  air. 
t  ct: 250  C.C.  bottle  is  completely  fiHed  ^v.th  the  -t-  t.gh  1^ 
and  maintained  at  a  temperature  of  68    F.  (20  f^^  '\^f;^  ^^^^ 

oxygen  remaining  is  then  determined,  and  compared  with  that  which 

originally  dissolved  in  the  water.  f>,p  avpva^e 

^heLount  of  dissolved  oxygen  m  surface  waters  ollo^^^^  ^^^If 
temperature  of  the  air.  This  is  proved  by  S'^f  ^^^^^i^  P  ^^^ce 
monthlv  temperature  and  the  average  temperature  of  saturation  oi  surtace 
waters  dS  that  month.  The  curves  follow  each  other  pretty  closely 
S^g  BteadSy  from  a  minimum  about  January  to  a  maximum  about  August, 

oxyien  the  amount  bearing  no  obvious  relation  to  the  temperature  of  the 
season  In  some  of  the  deepest  wells  only  traces  of  oxygen  are  found 
T  Wlv  as  the  oxyc^en  is  found  to  be  deficient,  so  is  the  free  CO^  found  to 
K  exce  s  butThere  is  no  absolute  rule  for  this,  mat  interpretation  is 
to  S  mt  upon  it  is  a  matter  for  further  experiment.  In  a  water,  shown  by 
to  be  put  ^PO^^^  1^  "         ,  ^.^^^        ^nic  j^atter  to  be  a  ground  water,  a 

^Sood  rather  than  a  bad  sign,  as 

dioxide  is  always 

bein/aSoTd  fiom  he  atmospheric  air,  and  especially  from  the  ground 
being  ,         ^^il  does  not  occur.    Carbonic  acid  may  exist 

air,  --^«^.;^;t?e\rtS  i^^^^^^^  carbonates,  bicarbonates,  and  free  acid, 
m  water  n  three  ^^a*®^' »  combined  or  fixed  "  for  that  existing  as 
The  usual  German  exF- 

simple  carbonates,    ^f-^°^^^^^  that  remaining  in  excess.  As 

ates  into  bicarbonates,  ,^^7  „  Jj^'^^  ^"^if.i^ound  CO,  is  expelled  from  a 
practically  a  1  th^/^^^^  ^^^th  se  t^^  may  be  called  the 

water  on  boiling,  the  suni  of  ^^^^  ^on  of  CO,  is  effected  chiefly  in  the 
volatile  carbonic  ^T^,  J^^^^.^e  especially  acid  calcium  carbonate, 

form  of. acid  salts  of  ^^^^  „^      ^^^^^^^  or  even  aUowed  to  stand  ex- 

If  an  aqueous  ^f,^^^^^  acid  and  neutral  calcium 

posed  to  the  air,  it       «Pi;H.„^P   ^         insoluble  in  water,  and  is  stable  : 


alkaline  reaction.  _ 

Thus  we  hiive  the  following  scheme 


(  Fixed. 

T„talCO,|v„„y„(Mt-W 

•      *.v,„  o-„-,niin<-  of  carbon  dioxide  which  exists  both 
luorderto  determine  the  m  o^^^^^^^^  ^^.^^       ^^^^^  convenient, 

free  and  as  bicarbonate,  P-^tten kof er  s  met  ^^^^^^     ^        ^^^^  ^^^^ 

It  is  performed  as  follows  :  Place  .00  ex.  oi  ^ 
add  10  c.c.  of  a  neutral  saturated  soton  ot  ca 

saturated  solution  of  f  ^"^T"^"!^,^  ™^tith  o^^^^^^  acid.  The  chloride  of 
standardised,  immediately  'f'^^^^^^^  any  other  alkaline  salt 

calcium  will  decompose  any  alkaline  carbonate  oi  j 
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whose  acid  would  be  precipitated  by  lime  or  baryta,  the  ammonium  chloride 
will  prevent  the  precipitation  of  any  magnesia  jjresent.  The  flask  is  then 
tightly  closed  with  an  india-rubber  stopper,  well  shaken,  and  allowed  to 
stand  for  twelve  hours.  Two  portions  of  50  c.c.  are  then  decanted  off, 
taking  care  not  to  disturb  the  precipitate.  The  free  uncombined  baryta  is 
then  estimated  in  both  portions  by  means  of  oxalic  acid  (1  c.c.  =  1  mgm.  COg), 
using  phenol-phthalein  as  an  indicator.  The  number  of  c.c.  of  standard 
oxalic  acid  required  for  50  c.c.  is  then  multiplied  by  5  (there  were  250  c.c. 
of  water  in  the  flask)  and  this  amount  deducted  from  the  number  of  c.c. 
of  standard  oxalic  acid  required  to  neutralise  35  c.c.  of  the  origmal  baryta 
water ;  the  difi'erence  gives  the  amount  of  baryta  precipitated  by  the  carbon 
dioxide  present  in  the  free  state  and  as  bicarbonate. 

Example. — 50  c.c.  of  the  decanted  fluid  required  3  c.c.  of  oxalic  acid  to  neutralise  it ; 
therefore  3  X  5  =  15  c.c.  will  be  required  for  the  250  c.c.  of  fluid.  Now  30  c.c.  of  the 
standard  oxalic  acid  are  required  to  neutralise  the  35  c.c.  of  the  original  baryta  watery 
therefore  30  - 15  =  15  c.c.  of  the  standard  oxalic  acid  correspond  to  the  baryta  water 
which  has  combined  with  the  carbon  dioxide  present.  But  1  c.c.  of  standard  oxalic 
acid  =  l  mgm.  of  CO2,  therpfore  15  mgms.  of  CO2  are  present  in  the  200  c.c.  of  water, 
which  equals  7  "5  parts  of  COj  per  100,000. 

The  presence  of  free  carbonic  acid  is  an  almost  constant  characteristic  of 
ground  water.  The  amount  varies,  but  may  be  as  high  as  13  parts  per 
100,000  ;  it  appears  to  be  in  inverse  ratio  to  the  dissolved  oxygen.  The 
source  of  the  free  COg  in  ground  water  is  apparently  the  ground  air,  in- 
creasing with  the  depth  and  decreasing  with  the  porosity  of  the  soil.  When 
ground  water  is  exposed  to  the  air  it  may  rapidly  lose  its  free  COg,  and 
even  become  alkaline  to  phenol-phthalein.  Such  waters  generally  contain 
magnesium  carbonate,  and  betray  their  exposure  to  the  air  by  becoming 
saturated  with  dissolved  oxygen. 

The  estimation  of  free  and  combined  CO2  is  further  of  interest  in  regard 
to  the  reaction  of  a  water,  and  also  in  connection  with  its  action  on  lead; 
"Waters  which  contain  both  free  and  combined  CO2  are  often  distinctly 
ampMoteric  :  that  is,  they  turn  red  litmus  paper  blue,  and  blue  paper  red. 
These  reactions  are  probably  explicable  as  the  result  of  a  competition  for 
the  base  between  the  free  CO.^  and  the  red  litmus,  which  is  itself  a  weak 
acid,  having  blue  salts.  If  some  of  the  red  paper  is  placed  in  a  solution 
containing  carbonates  and  free  COo,  it  seizes  a  portion  of  the  base  until 
equilibrium  is  established.  If  the  blue  paper  be  placed  in  the  solution,  the 
free  CO^  attacks  it  for  part  of  the  base,  and  liberates  red  litmus  until  the 
same  condition  of  equilibrium  is  reached.  Practically,  testing  the  reaction 
of  a  water  with  litmus  paper  is  much  better  replaced  by  an  estimation  of 
the  free  and  combined  COg. 

In  its  connection  with,  the  action  of  water  upon  lead,  the  relative 
amounts  of  free  and  combined  CO2  are  often  important  factors.  Frequently, 
waters  which  act  upon  lead  contain  more  free  than  combined  carbonic  acid, 
and  yet  are  distinctly  alkaline  to  red  litmus  paper.  In  testing  the  action 
on  lead,  it  is  of  importance  to  conduct  the  experiments  in  closed 
vessels,  as  well  as  in  open  beakers,  to  prevent  the  loss  of  CO^,  as  the 
results  will  be  sometimes  found  positive  in  the  former  and  negative  in  the 
latter. 

Inferences  from  the  Quantitative  Tests. — The  conclusions  to  be  drawn 
from  the  qualitative  tests  hold  good  for  the  quantitative,  only  greater  pre- 
cision is  given.  It  must,  however,  be  understood  that  sucli  conclusions  are 
still  only  approximative,  and  they  are  only  of  a  certain  value  when  all  the 
circumstances  of  the  case  are  taken  into  consideration.    Some  chemists  have 
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gone  so  far  as  to  say  that  they  would  rather  know  nothing  abont  the  .ann>le 
Ld  merely  wish  it  marked  with  some  distinctive  mark,  buc^i  as  A  or  i>  or 
1  or  2,  their  confidence  being  so  great  in  the  indications  °f       ^  f^^f 
that  they  feel  convinced  they  can  give  a  perfectly  trustworthy  "^^^ 
the  whoLomeness  or  otherwise  from  these  alone.    There  i   ^«  ^o^iM^^^^^^^ 
a  practised  chemist  may  make  a  fairly  good  ™ ^ur 

but  as  a  rule  an  opinion  so  formed  is  worth  very  little.  It  s  o± 
desirable  that  an  analyst  should  come  to  his  i^;<l^^[y  P^^^^^^J  ™;ili 
but  before  adopting  a  conclusion  as  regards  a  water,  the  medical  officer  ^\ui 
allys  d?:^^^^^^^^  obtain  every  item  of  information  it^.at  it  is  p^^^^^ 
to  crPt— otlierwise  he  is  sure  to  fall  sooner  or  later  into  error,  ilius,  con 
sXnts  mr  S  present  in  a  deep-well  water  and  have  no  particula^ 
s  SancT  whU^^^  a  shallow-well  water  they  would  be,  sufficient  to 
Semn.    At  present  we  have  Httle  or  -  means  o  ^ 

^Soll^l:^  W^t  StS^ht.^  allowed 
'TlSysis  should  always  be  as  careful  and  --P^;,^^^^^^^^ 

a  chemical  analysis.  ^^^^^  ^^^y  quantities  of 

I    Ghlonne  in  Chlonde^    {.5  pdoO,000.    Eain-water  generaUy  con- 

f  •^"oSToTf  U  de^P  -Us'  as  a  rule  5  parts  per  100,000  ; 

tains  0  22  to  0  5  per  iuu  u     ,       i  ^^^^  ^.^rf^ce  waters  only 

springs  generally  2  5  Pf^^^  P^^r.^      A         100,000.    An  increase  m 
small  quantities,  usually  about         Pff  ^Jf^^ g^it^^earing  strata,  or 
ordinary  drinking  ^-^ter  may  be  due  to  l^^^'l^^^f^^^^ 
sewage  or  other  im^^^^^^^  ^nlSio"     dangerous  conta'mination, 

innocent,  but  in  tire  ast     m  J         ^^.^^^      ^^^^^^      ^^^^  ammonias,  the 

o^^tlSeTattTan^^^^^  nitrogen  acid,  ^^fl^^^ 
take  place  wi^rout  — —  chlorides, 
Xrttaiis  o^Te  Sysis  will  show  that  this  is  not  due  to  any 
recent  contamination.  clilorine  is  a  reason  for  sus- 

the  aVerage  character  of  '"/^l^if  :„?'*r'i  ,„Hds  varie.  Ter,  greatly 
:     %  Solid.,  Tola  and  surface  ™ter.  contain  very 

suppUes  Liverpool,  ^''j^^'^^]^^'^^^^^^^^^  ot\x^x  than  upland  surface 

On  the  other  hand,  waters         P^^^^^^^  i^y  it  down  that  the 

show  much  more  than  this.    On  the  vhole^v^      J     y  ^^^^^  ^ 

purest  upland  surface  .^Y^*^  .^^^^^^^^^^^^^  waters  from  deep 

100,000,  but  that  considerable  latitude  may  oi. 

welis,  chalk  strata,  and  ^1^°  j^^'®-  , 100,000  ought  to  be  volatile, 

Of  the  solids  not  more  than  al'out    5  per  ^  ^^^  ^^^^^^^  ^ut 

or  capable  of  being  driven  off  by  a  rod  heat,  ilae 
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very  slightly  on  ignition.  A  little  deviation  from  this  rule  is  admissible  in 
water  from  peat  land. 

3.  Ammonia,  Free  and  Albuminoid. — Pure  waters  yield  from  nil  to 
0-002  per  100,000  of  free  ammonia,  and  from  nil  to  0-005  per  100,000  of 
albuminoid  anxmonia.  Usable  water  may  contain  up  to  0-005  per  100,000 
of  free,  and  0-01  per  100,000  of  albuminoid  ammonia.  These  numbers, 
however,  require  qualification,  for  they  may  be  exceeded  in  cases  where  water 
is  tliorouglily  good  for  dietetic  purposes.  Rain-water  often  contains  a  large 
amoimt  of  free  ammonia,  probably  derived  from  soot,  and  it  appears  to  be 
harmless. 

Deep  wells  often  show  a  large  amount  of  free  ammonia  and  chlorides 
without  necessarily  indicating  pollution ;  but  the  same  amounts  in  a  shallow 
well  would  point  to  probable  sewage  pollution,  or  at  least  to  the  presence  of 
urine. 

The  presence  of  a  considerable  amount  of  albuminoid  ammonia,  with 
little  free  ammonia  and  chlorides,  is  generally  indicative  of  vegetable  organic 
matter,  often  peaty.  This  is  the  character  of  the  greater  part  of  the  water- 
supply  of  Ireland.  If  the  chlorine  be  high,  that  is,  in  excess  of  the  average 
of  the  district,  it  may  be  inferred  that  the  material  which  yields  the 
ammonia  is  in  great  part  of  animal  origin. 

The  real  significance  of  the  albuminoid  ammonia  has  been  much  dis- 
cussed, but  the  results  obtained  are  sufficiently  uniform  to  give  us  a  con- 
venient measure  of  purity,  provided  we  are  careful  not  to  draw  the  line  too 
close.  AH  the  nitrogen  of  the  organic  matter  is  certainly  not  obtained  by 
this  method,  but  this  is  immaterial  so  long  as  the  proportion  is  fairly  main- 
tained. The  results  correspond  to  a  certain  extent  with  the  organic  nitrogen 
of  Frankland,  and  the  process  is  much  more  feasible  for  medical  officers, 
generally. 

Practically,  0"615  part  of  albuminoid  ammonia  per  100,000  equals  1 
part  of  Frankland's  organic  nitrogen  per  100,000  ;  and  double  the  nitrogen 
from  the  albuminoid  ammonia  equals  the  organic  nitrogen  as  determined  by 
Kjeldahl's  process. 

4.  Nitric  and  Nitrous  Acids  in  Nitrates  and  Nitrites. — The  significance 
of  these  is  very  important.  Nitric  acid  is  the  ultimate  stage  of  oxidation 
of  nitrogenous  organic  matter,  and  when  present  in  water  it  is  almost  always 
the  result  of  previous  pollution,  either  of  the  water  itself  or  of  the  strata 
through  which  it  flows.  It  gives  us  no  information,  however,  as  to  the 
exact  time  when  the  pollution  took  place.  In  some  samples  from  deep  wells 
it  is  evident  that  the  pollution  must  have  been  very  ancient.  It  has  been 
distinctly  shown  by  Schloesing  and  Muntz  and  by  R.  "Warington  that  nitri- 
fication is  a  fermentative  process,  excited  and  carried  on  through  the  agency 
of  a  minute  organism,  just  as  ordinary  fermentation  is  carried  on  through, 
the  medium  of  torula.  Nitrous  acid  indicates  the  presence  of  organic, 
matter  undergoing  change  :  it  is  either  a  stage  in  the  direct  oxidation  of 
such  matter,  progressive  or  arrested,  or  a  retrogression  from  nitric  acid  in 
consequence  of  the  latter  having  yielded  up  a  part  of  its  oxygen.  In  this 
way  nitrous  acid  might  retrograde  still  further  and  become  converted  again 
into  ammonia,  or  be  dissipated  as  nitrogen.  Nitrous  acid  is  a  much  more 
important  substance  than  nitric,  as  indicating  present  danger,  and  a  very 
small  amount  of  it  is  sufficient  to  remove  a  water  into  the  suspicious  class. 
It  is  rare  to  find  any  of  the  higher  forms  of  life  in  a  water  rich  in  nitrites, 
although  bacteria  may  be  found.  Pure  water  ought  to  be  quite  free  from 
nitrites,  and  ought  to  show  only  traces  at  most  of  nitrates.  Deep  wells 
often  show  the  presence  of  nitrites,  due  to  the  reduction  of  nitrates  by 
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iron  salts  present  in  the  strata  through  which  the  weU  is  sunk,  and  also 
possibly  to  the  reducing  action  of  the  iron  pipes  by  which  the  water  is 

''''t^^^Z^:.:ters,  however,  come  up  to  this  standard  :  a  ^ore  ^^^^^^^^^^^ 
statement  of  a  permissible  limit  would  be  that  m  cases  ^-]^^\'}''^.'^^^^^^^ 
be  excluded  as  the  source  from  which  a  water  derives      J,  f^l^' 
in  nitrates  and  nitrites  should  not  exceed  0-1  per  100,000.  other 
cases,  the  nitrogen  from  nitrates  alone  ^^J^^'l^^  Z 

100,000,  or  the  total  combined  nitrogen  (including  that  |J  ^^^^ 
albuminoid  ammonias)  should  in  no  case  exceed  0-4  per      ''O^O  ^^^^^ 
third  of  a  grain  per  gallon.    On  these  points  it  is  extremely  difocult  to 
hy  down  anTw  anf-fast  rules,  as  every  individual  sample  of  water  needs 
Kludged'^pon  its  own  analytical  facts.    The  merest  traces  of  nitr^e  is 
always  suspicion,  and  in  most  cases  should  condemn  ^l^^J-^^'^^'' 
marked  presence  of  nitrates  ought  to  be  ground  for  ^^^^^^J, f  ^^ocess 
^me  soils  especiaUy  sands  and  gravels,  and  m  ferruginous  soils  the  p  ooess 
rnttrScatioS  goesL  extremely  rapidly,  and  ^1-  — ^^^^^^ 

hftetnSsr^rinicma.^^ 

the  oxygen-consummg  power  of  a;j^*^^J,  also  to  g^^ige  the  character  and 

organic  matters,  even  if  of  the  same  ^"^'J'^  ^^^J         ^ne  that  is 

is,  at  best,  only  of  accessory  value.  ^J^j7/;;;'^\,3,,/,f  the  oxidis- 
practicable  for  many  medical  officers,  or  gl'^^  ^^^^^  ,,,,  knowledge, 
able  organic  matter  in  water  and  is   ^       ?  ^^^^^^ 

indispensable  ^Tttf Ihl  eoSit^^^  -ater,  being  to  Frank- 

aid  to  our  judgment  of        c<^ndition  albuminoid  ammonia 

lands  carbon  ^o^^lJ^^^^^^^  ^^iand  has  fully  ackno.dedged  this 
method  IS  to  ^^^^^^  ^^JXand  has  proposed  a  series  of  factors  by  which  to 
telation  in  his  latest  woik  ^^^^       P,™^  the  result  in  terms  of  organic 

multiply  the  oxygen  absorbed  so  ^^^^^.^^^^  ^^^^^^^^^  the 

carbon.    These  factors  are  based  on  ^ne  o  ^^^^^^ 

two  processes  m  a  ^^^^nX  ir  average  c^^^^^^        The  factors  differ  for 
dividing  the  average  carbon  by  the  average  uajq 
different  kinds  of  water  in  the  following  proportions  :- 


C 

River  water,  q 


2-38 

Deep-well  water,  m  - 

Shallow- well  water,  ,,       -  ^ 

Upland  surface  water,  - 


nvvnpn  ahsotbetl  indicates  a  probable  amount  of 

so  that  1  eontlgramme  of  oxygen  awo  o  i          ^^^^^  ^  ^.j. 

only  1-8  of 

?35trofo:ygen\llb:^^^  ' 
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or  navy  medical  officer,  or  anyone  not  provided  with  a  well-appointed 
laboratory,  tlie  permanganate-  process,  combined  with  the  albnminoid 
ammonia  process,  gives  as  much  information  as  is  likely  to  be  obtained  at 
present,  and  sufficient  for  hygienic  purposes.  It  must  be  remembered  that 
the  permanganate  does  not  act  upon  fatty  substances,  starch,  urea,  hippuric 
acid,  creatin,  sugar,  or  gelatin.  on,  • 

6.  Hardness. — The  fixed  hardness  should  not  exceed  5  of  the  metrical 
scale."  The  total  hardness  may  vary  more,  but  if  possible  should  not  exceed 
7°  to  8° -5  (metrical). 

7.  PJwsphates— The  presence  of  these  in  any  marked  quantity  will 
generally  corroborate  inferences  as  regards  sewage  contamination  drawn  from 
the  other  indications. 

Sulphates. — An  excess  of  sulphates  will  in  many  cases  also  indicate 
contamination,  though  they  may,  like  chlorine,  come  from  innocuous 
sources. 

8.  Metals. — Pure  water  should  contain  no  heavy  metal,  although  a  trace 
of  iron  may  be  found  sometimes.  In  some  cases  iron  seems  beneficial,  as  it- 
helps  to  oxidise  the  organic  matter.  The  presence  of  any  other  heavy  metal 
ought  to  condemn  the  water. 

9.  The  presence  of  hydrogen  sulphide  or  alkaline  sulphides  ought  to 
condemn  the  water. 

It  is  always  advisable  to  get  information  if  possible  as  to  the  usual  com- 
position of  a  water  to  be  examined,  as  even  slight  variations  may  suggest  a 
clue  to  the  nature  or  cause  of  an  impurity.  The  microscopic  examination  of 
the  sediment  ought  always  to  be  performed  where  possible,  as  it  often 
affords  important  information  when  the  chemical  investigation  fails.  Thus, 
the  presence  of  such  objects  as  muscular  fibre,  wheaten  starch  cells,  spiral 
vegetable  fibres,  mucous  epithelium,  disintegrating  masses  of  paper,  &c.,  are 
sufficient  alone  to  condemn  Avater  (especially  if  it  be  from  a  shallow  well), 
even  when  the  chemical  constituents  are  within  limits,  as  they  are  undoubted 
evidences  of  animal  contamination,  almost  certainly  sewage.  In  such  cases 
the  nitric  acid  is  nearly  always  large  in  amount. 

Subjoined,  on  pp.  136-9,  are  analyses  of  deep-well,  spring,  rain,  and 
upland  surface  waters.  These  are  merely  suggested  as  general  guides,  some 
latitude  being  necessary  according  to  circumstances. 

Microscopic  Examination  of  Suspended  and  Sedimentary  Matter.— 
The  suspended  matters  may  be  either  mineral  (sand,  clay,  chalk,  fine  films 
of  mica,  iron  peroxide),  or  dead  animal  or  vegetable  matters,  or  living 
creatures  (plants  and  animals). 

To  determine  the  nature  of  the  suspended  matters  pour  some  of  the  water 
into  a  long  glass  as  already  described,  and  observe  its  appearance.  Suspended 
sand  or  clay  gives  a  yellow  or  yellow-white  turbidity ;  vegetable  humus  and 
peat  give  a  darkish,  sewage  gives  a  light  brown  colour ;  but  the  colour  or 
turbidity  alone  is  a  very  insufficient  test.  Then  boil  the  water,  and  pour  it 
back  into  the  long  glass.  Sand,  chalk,  and  heavy  particles  of  the  kind  will 
be  deposited ;  finely  suspended  sewage  and  vegetable  matter  is  little  aftected, 
unless  it  be  a  chalk-water,  when  the  deposit  of  calcium  carbonate  may  carry 
down  the  suspended  matter. 

If  the  matter  is  entirely  suspended,  a  drop  of  the  water  must  be  taken  at 
once ;  but  when  it  can  be  obtained,  a  little  of  the  sediment  is  more  satisi 
factory.  To  get  a  sediment,  the  water  should  be  placed  in  a  conical  glass 
(the  space  of  which  ought  to  be  rounded,  not  pointed,  at  the  bottom),: 
carefully  covered  and  allowed  to  stand  for  a  few  hours;  the  upper  part 
of  the  water  is  then  poured  away  or  siphoned  oW.    The  best  kind  of  pipette 
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for  taking  up  the  sediment  for  transfer  to  the  glass  slide  is  a  plain  straight 
tube,  without  bulb  and  Avithout  any  narrowing  to  a  point  at  either  end ;  the 
diameter  may  be  from  to  i  of  an  inch  (1-5  to  3  millimetres).  An 
immense  number  of  dead  and  living  things  are  often  found  in  water  whicti 
it  would  be  impossible  to  enumerate,  but  which  may  be  conveniently  con- 
sidered under  the  following  heads  : — 

'  (a)  Mineral  particles  may  be  easily  known;  sand  appears  as  large 
anc^ular  particles,  often  showing  distinct  conchoidal  fracture ;  clay  and  marl 
as  round  smooth  globules  unaffected  by  acids  ;  carbonate  of  calcium  (chalk), 
sometimes  smooth,  but  often  crystalline,  soluble  in  acids  Avith  effervescence. 
Iron  peroxide  appears  in  reddish-brown  masses  of  an  amorphous  character  ; 
it  is  easily  dissolved  in  hydrochloric  acid,  and  strikes  a  deep  blue  with  the 
ferrocyanide  of  potassium  (yellow  prussiate). 

(b)  Vegetable  matters:  portions  of  wood,  leaves,  bits  ol  the_  vems, 
parenchyma,  or  ducts  are  easily  recognised.  When  vegetable  tissue  is  more 
decomposed  nothing  is  seen  but  a  dark,  opaque,  structureless  mass  Any 
dark  formless  mass  of  this  kind  in  water  is  almost  certainly  decayed 
vecretable  matter.  Bits  of  textile  fabrics,  cotton,  linen,  are  not  uncommon, 
and  are  important  as  indicating  that  the  water  is  contaminated  with  house 
refuse  So  also  the  cells  of  the  potato,  or  spiral  threads  of  cabbage  and 
other  vegetables  used  by  man,  are  of  value  as  indications  of  the  same  kind. 
Spiral  cells  are  very  indestructible,  and  are  often  found  m  river-water  to 
which  sewage  gains  access.  Carbonaceous  masses  also  occur,  either  portions 
of  soot  from  coal  smoke,  or  bits  of  charred  wood.  Sometimes  fragments 
of  paper  are  met  with,  probably  washed  into  the  water  from  drains  or 

""''if  Animal  matters,  consisting  of  bits  of  wool,  hair,  and  remains  of 
animals  of  all  kinds,  such  as  wings  and  legs  of  msec  s,  spiders  and  their 
webs,  portions  of  the  skin  of  water  animals,  or  of  fish,  ^c.  are  not 
uncommon  Sewage  matters  having  a  darkish-brown  or  reddish  colour 
andTften^n  giobukr  masses,  and  thus  distinguishable  from  the  flatter  and 
more  spread-out  vegetable  matter,  are  sometimes  seen.  Epithelium  from 
Te  skin  of  man)  and  hairs  of  animals  are  not  unfrequent.  The  identifica- 
fon  of  these  mitters  is  of  moment  as  indicating  the  P^^ticular  source  of 
the  contamination.  Anything  which  can  be  unequivocally  t^-^;;^ 
habitations  of  man  must  always  cause  the  water  to  be  regarded  Avith 
^^;Ltn^asfif  one  substance  from  a  house  can  find  its  way  in,  others 

'""\drBactena  or  ScMzomycetes.-These  organisms  or  their  spores  are 
nlmost  invariably  present  in  water,  sometimes  m  very  great  numbers  The 
almost  P'J^.^.  , -n        '  and  the  methods  iov  their  detection  by 

Tonlul  Sdiscu^idrthe  section  upon  the  Bactebio.ogical 
S'Lt ATio^  o^^^^^^  1-ers  (and  preferably  with  immersion 

ThPv  may  be  observed  as  spores,  sporangia,  or  as  mycelium.  Both  Aspe7- 
M!L  n?JlTZcina  present  familiar  instances  of  these  forms. 

y^U'l^^Y^^^  ^  develop  in  any  iater  containing  nitrogenous,  saccharine, 

P         ovmVlpd  or  certainly  not  until  after  iiltration. 

'^'"^L  re  ef  sti  l  .^S;"^^  iu  some  quarters  that  sewage  matter  in  water 
giveTiC'l^Jen  sugir  is  added  to  the  medium,  to  a  special  fungus,  termed 
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Beggiotoa  ctZia,  formed  of  very  small,  spherical,  transparent  ceUs  arranged  in 
grape-like  bundles  and  characterised  by  the  presence  of  grains  of  sulphur  in 
their  substance.  This  organism  is  found  in  marsh  water  and  in  sulphur 
springs ;  it  grows  freely  in  water  containing  sewage,  and  also  in  the  effluents 
from  certain  manufactories,  especially  sugar  factories,  tanyards,  and  in 
water  rich  in  sulphates.  It  is,  therefore,  not  characteristic  of  sewage,  but 
merely  indicates  the  presence  of  a  considerable  amount  of  decomposing 
organic  matter  in  the  water. 

(/)  Algce,  Diatoms,  and  Desmids  are  found  in  almost  all  running 
streams,  and  are  also  seen  in  many  well  waters.  They  cannot  be  held  to 
indicate  any  great  impurity;  and  to  condemn  water  on  account  of  their 
presence  would  be  really  to  condemn  all  waters,  even  rain,  in  which  minute 
algoid  vesicles  (protococci)  are  often  found. 

The  forms  of  the  various  confervoi  in  water  are  very  numerous,  some 
being  coloured  green,  whilst  at  other  times  they  are  quite  colourless,  rounds 
isolated,  or  clustered  vesicles.  The  immature  forms  may  not  be  easy  of 
identification.  The  Diatoms  are  always  readily  recognised  and  identified. 
It  may  be  stated  generally  that  organisms  of  a  grass-green,  such  as  the  green 
algcB,  need  not  be  objected  to ;  but  the  bluish-green,  such  as  the  Uscilla- 
torians,  Nostoc,  &c.,  are  less  desirable;  not  that  they  are  probably  directly 
injurious,  but  as  indicating  an  impure  water,  and  as  being  apt  to  give  rise 
to  an  unpleasant  ("pig-pen")  odour.  Lejptothrix  ochrcea,  which  was  at 
one  time  thought  to  be  connected  with  a  special  disease  poison,  is  really 
harmless,  and  is  mostly  found  in  waters  containing  a  good  deal  of  iron  per- 
oxide ;  such  waters  are  usually  singularly  free  from  noxious  organic  matter. 

(g)  Rhizopoda,  especially  amonbai  and  similar  forms,  may  often  be 
detected  with  high  powers.  They  appear  to  indicate,  like  bacteria,  the 
existence  of  putrefying  substances,  but  this  is  not  yet  certain.  They 
are  not"  found  in  first-class  waters.  The  Balantidium  coli  is  considered 
to  indicate  seAvage  pollution  (Klein). 

(h)  Euglenoi  (of  different  species,  such  as  E.  viridis,  E.  pyrum,  &c.)  are 
found  in  many  waters,  especially  of  ponds  and  tanks.  Ciliated,  free,  and 
rapidly  moving  infusoria,  belonging  to  several  kinds  of  common  jjrotozoa, 
such  as  kolpoda,  parameciuvi,  cohps,  stentor,  kerona,  stylonychia,  oxytricha, 
&c.,  are  also  found. 

In  many  waters  the  living  objects  in  the  above  five  classes  comprise  all 
that  are  likely  to  be  seen,  but  in  the  other  cases  there  are  animals  of  a 
larger  kind. 

(i)  Hydrozoa,  especially  the  fresh-water  polyps,  are  common  in  most  still 
waters,  and  do  not  indicate  anything  hurtful. 

{k)  Worms,  or  their  eggs  and  embryos,  belonging  to  the  class  Scolecida, 
may  occur  in  water,  and  are  of  great  importance.  The  eggs  and  joints  of 
the  tapeworm,  the  eml^ryos  of  Bothriocepliali,  the  eggs  of  the  round  and 
thread  worms,  and  perhaps  the  worms  themselves,  the  Guinea-worm,  and 
other  kinds  of  Filaria ;  the  eggs  of  Doclimius  duodcnalis,  and  other 
distomata,  and  the  embryos  of  Bilharzia,  have  all  been  recognised  in 
water,  though  it  has  not  yet  been  shown  that  in  all  cases  they  can  be 
thus  introduced  into  the  human  body.  That  Filaria  sanguinis  liominis 
may  be  taken  in  drinking  water  is  more  probable,  seeing  that  its  host,  the 
mosquito,  is  developed  in  water,  the  larvae  of  the  latter  being  found  in 
great  quantity  in  tanks  and  cisterns.  Worms  themselves  cannot  well  be 
overlooked,  but  both  eggs  and  the  free-moving  embryos  are  sometimes 
difficult  of  identification.  The  greatest  care  should  be  used  in  examining 
water  to  detect  ova. 
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The  presence  of  even  common  Anguilluloe  in  water  shows  generally 
an  amount  of  impurity,  and  such  a  water  must  be  regarded  with  great 
suspicion.  Small  leeches  also  are  not  uncommon  in  both  still  and  running 
waters. 

The  wheel  animalcules  are  common  enough,  and  cannot  be  regarded  as 
very  important,  though  certainly  when  they  exist  there  must  be  a  good  deal 
of  food  for  them,  and  consequently  impurity  of  Avater. 

(Z)  Entomostraca  such  as  the  water  flea,  DapJmia  pulex  (fig.  5) ; 
Cyclops  quadricornis  (fig.  6) ;  Sida,  Moina,  Polyphemus,  and  others  are 
very  common  in  the  spring ;  tliey  occur  in  so  many  good  waters  that  they 
cannot  be  considered  as  indicating  any  dangerous  impurity.  It  is  said  that 
they  are  only  found  near  (within  one  or  two  feet)  the  surface.  Amphipoda 
{Gammarus  pulex)  may  also  be  met  with,  as  well  as  Isopoda  {AseLlus 
aquaticus)  and  Tardigrada  (water  bears),  especially  if  water  that  has  been 
stagnant  gets  washed  into  tanks,  cisterns,  or  water-butts. 

(m)  There  are,  of  course,  many  other  tolerably  large  animals  often  found 
in  water ;  the  larvae  of  the  water-beetle  (Dytiscus),  the  water  boatman  or 


Fig.  5.  Fig.  6. 


skipjack  (Notonecta  glauca),  and  the  pupa  form  of  many  insects,  may  be 
found,  but  they  are  chiefly  in  pond  water. 

So  many  are  the  objects  in  water  that  the  observer  will  be  often  very 
much  at  a  loss,  first,  to  identify  them,  and  secondly,  to  know  what  their 
presence  implies.  The  best  Avay  is  first  to  see  what  objects  appear  to  be 
mineral,  or  non-living  vegetable  substances,  and  to  fix  the  origin  and 
estimate  the  quantity  as  far  as  it  can  be  done.  Then  to  turn  to  the  living 
organisms  and  to  look  attentively  for  bacteria,  amosho},  fungi,  and  ova,  and 
small  worms  and  leeches.  If  none  of  these  exist,  and  if  cultivations  show 
the  water  to  be  fairly  free  from  micro  organisms,  the  water  cannot  be 
considered  dangerous.  Ciliated  infusoria  of  various  kinds,  and  Diatoms, 
Desmids,  and  Alga^,  are  chiefly  important  in  connection  with  microscopic 
evidence  of  decaying  vegetable  matters,  and  with  chemical  tests  showing 
much  dissolved  organic  impurity  in  the  water. 

THE  BACTERIOLOGICAL  EXAMINATION  OF  WATER. 

The  propagation  of  certain  zymotic  diseases  by  water  has  been  an 
accepted  doctrine  of  hygiene  for  many  years.  But  it  was  not  until  Koch 
elaborated  the  gelatine  plate  method  of  culture  that  a  bacteriological 
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examination  of  water  became  a  generally  recognised  method  of  investigating 
problems  in  relation  to  the  dissemination  of  disease.    Koch's  method  enabled 
an  estimate  to  be  made  of  the  numbers  and  varieties  of  micro-organisms 
ju-esent  in  a  given  quantity  of  water,  and  so  permitted  a  comparative 
study  of  various  sources  of  supply.    It  was  at  first  assumed  that  from 
the  numbers  of  micro-organisms  found  in  different  waters  distinct  evidence 
of  purity  or  contamination  could  be  at  once  deduced.  ■   Further  inves- 
tigations soon  showed  that  water  -organisms  were  capable  of  multiplying 
enormously  within  a  very  short  time,  and  waters  of  great  organic  purity, 
under  certain  conditions,  were  found  teeming  with   bacterial   life.  It 
thus  became  evident  that  though  a  paucity  of  organisms  might  indi- 
cate a  condition  of  purity,  it  did  not  necessarily  follow  that  a  large 
number  of  organisms  pointed  to  contamination.    The  attention  of  bac- 
teriologists was   then   directed   to   the  study  of   the   kinds  or  species 
of  organisms,  and   attempts  were   made   to   differentiate   between  the 
microbes  normally  present  in  water  and  those  derived  from  sewage,  i.e.,  to 
distinguish  between  water-organisms  and  sewage-organisms.    Special  methods 
were  also  devised  for  the  isolation  of  pathogenic  organisms,  particularly  the 
B.  typhosus  and  Spirillum  cJiolerce  asiaticce.    The  work  of  Piefke  and 
Koch  on  the  filtration  of  water  opened  up  another  extremely  important 
branch  of  investigation,  and  it  is  now  agreed  on  all  sides  that  filtration 
through  sand  can  only  be  effectively  controlled  by  a  bacteriological  examina- 
tion of  the  filtered  water. 

From  what  has  been  said,  it  is  evident  that  a  bacteriological,  like  a 
chemical  examination,  consists  of  quantitative  and  qualitative  analyses. 
But  while  in  a  chemical  examination  the  quantitative  analysis  is  the  more 
important  of  the  two,  the  reverse  is  the  case  as  regards  a  bacteriological 
examination. 

_  The  Collection  of  Water  fm-  Bacteriological  Examination. — "Water  from 
a  river,  well,  lake,  or  service-pipe  should  be  collected  in  glass  bottles  closed 
with  glass  stoppers,  previously  sterilised  by  heating  in  the  hot-air  chamber 
to  150°  C.  for  three  hours ;  if  sterilisation  cannot  be  eflfected,  the  bottles 
may  be  cleaned  sufficiently  for  all  practical  purposes  by  washing  with  a  little 
pure  sulphuric  acid,  all  traces  of  acidity  being  finally  removed  by  thoroughly 
rinsing  the  bottle  with  some  of  the  water  to  be  examined.    In  the  case  of  a 
nver  or  lake  the  bottle  should  be  plunged  below  the  surface  before  the 
stopper  is  removed ;  in  this  way  a  sample  of  the  main  body  of  the  water  will 
be  obtained.    In  some  cases,  as  when  investigating  an  outbreak  of  cholera, 
it  is  desirable  to  examine  the  surface  water.    This  specimen  should  be 
collected  in  a  separate  bottle  and  labelled  accordingly.    If  the  source  of 
supply  is  a  "service  water,"  the  tap  should  be  opened  and  the  water  allowed 
to  run  to  waste  for  a  few  minutes  before  the  specimen  is  collected ;  in  this 
way  local  impurities  will  be  washed  out  of  the  tap  and  the  water  which  has 
been  standing  in  the  service  pipes  will  be  removed.    It  is  always  desirable, 
in  the  case  of  a  "  service  water,"  to  obtain  a  specimen  direct  from  the  mains. 
In  the  case  of  .-i  well  not  in  constant  use  it  is  usually  found  that  the  sample 
obtained,  on  first  pumping,  contains  a  very  large  nunilier  of  micro-organisms  ; 
so  that  to  gain  an  idea  of  the  condition  of  the  water  which  enters  the  well 
from  the  surrounding  strata,  it  is  advisable  to  pump  continuously  for  several 
hours  before  collecting  the  sample  for  examination.    After  the  specimen  lias 
been  obtained  the  glass  stopper  should  be  carefully  tied  down  with  a  little 
oiled  silk.    Wlien  the  source  of  supply  is  a  shallow  stream,  such  as  the 
feeder  of  an  upland  surface  water,  it  is  often  impossible  to  .  use  a  bottle 
without  disturbing  the  sediment.    Under  these  conditions  a  test-tube  with 
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stout  waUs  may  be  drawn  out  just  below  the  open  end ;  the  contained  air 
then  removed  by  prolonged  heating,  or  more  simply  by  allowing  a  little 
water  to  enter  the  tube,  which  is  then  heated  until  steam  escapes,  when  the 
point  is  rapidly  sealed.    The  fine  point  of  such  a  tube  should  be  placed  under 
the  surface  of"  the  stream,  and  then  the  tube  opened  by  breaking  the  point 
with  a  pair  of  sterile  forceps.   The  water  will  run  in  and  fill  about  two-thirds 
of  the  tube  :  the  point  is  then  sealed  up  by  heating  with  a  spirit  lamp. 
When  examining  lakes  and  rivers  it  is  often  desirable  to  take  specimens  from 
various  depths.     This  may  be  done  by  using  Miquel's  apparatus,  which 
consists  of  a  glass  bulb  weighted  below  and  suspended  by  a  wire  marked  in 
feet  or  metres.    The  neck  of  the  bulb  is  drawn  out  to  a  tine  point  and  bent 
like  a  swan's  neck.    A  second  wire,  running  in  eyes  on  the  suspension  wire, 
is  bent  at  the  end  into  a  loop  which  is  placed  round  the  neck  of  the  bulb. 
When  the  required  depth  is  shown  on  the  suspension  wire,  the  second  wire 
is  pulled  sharply  so  as  to  break  the  neck  and  allow  the  water  to  enter  the 
bulb     The  same  result  may  be  obtained  by  weighting  the  ordinary  glass 
bottle  and  supporting  it  by  means  of  strong  string  knotted  at  intervals  ot  a 
foot     A  second  string  is  tied  round  the  glass  stopper,  which  should  be 
partially  unscrewed  so  as  to  be  easily  pulled  out  when  the  required  depth  is 
reached     The  samples  should  be  examined  immediately  after  collection; 
if  this  cannot  be  done  they  must  be  packed  in  ice  for  transmission  to  the 
1-iboratorv     It  has  been  found  that  when  the  temperature  is  kept  below 
r  C  there  is  practicaUy  no  increase  in  the  number  of  micro-organisms  m 
the  water     This  effect  appears  to  be  due,  not  to  an  immobilising  ot  the 
bacteria,  but  rather  to  the  fact  that  cold  acts  differently  on  certain  species,  so 
that  the  deaths  of  some  organisms  are  balanced  by  the  births  of  others.  . 

The  Quantitative  Bacteriological  Analysis. 
The  determination  of  the  number  of  micro-organisms  in  a  known  volume 
of  water  is  mainly  effected  at  the  present  day  by  cultures  on  solid  media. 
Miauel   howevei'   has  suggested  a  dilution  method,  m  which  a  known 
voEe  of  water  is  dHuted^amongst  a  series  of  bix^th  tubes,  the  object  being 
lo  ultimately  obtain  a  series  of  tubes,  each  of  which  sha  1  not  receive  more 
than  one  microbe.    But  this  method  is  exceedingly  laborious,  and  quite 
unsuitable  for  ordinary  hygienic  work.    Most  workers  now  employ  what  is 
known  as  Koch's  method  of  plate  cultivation.    In  tins  method  a  sma  1 
Santity  of  water  is  intimately  mixed  with  fluid  gelatine  or  agar-agar,  which 
?s  then  spread  out  in  a  thin  layer  on  a  glass  p  ate  or  preferably  in  a  Pe  i  - 
dish     Sometimes  the  water  mixed  with  fluid  gelatine  is  simply  roUe 
round  the  sides  of  a  test-tube,  producing  what  is  known  as  an  toarch-iol 
culture.    The  frequent  presence  of  micro-organisms  m  water  which  rapidly 
Uaiiefy  the  gelatine,  renders  the  Esmarch  tube  less  serviceable  than  the  Petri- 
dShes     Much  difference  of  opinion  exists  as  to  the  method  of  preparation  o 
the  solid  media.    The  committee  of  American  bacteriologists  recommended 
that  Uie -elatine  should  have  an  acid  reaction.    Remsch.  however,  found 
fw  Ihl  Greatest  number  of  organisms  was  obtained  when  O'l  per  cent,  of 
od  um  i^^^^^^^^^^  -^^l-^d      ''^''^'^  gelatine-peptone. 

T?xneHments  at  Netley  showed  that  more  organisms  were  obtained  on 
SEtC  on  acid  media.  The  South  Hants  water  plated  out  in  acid 
and  alkaline  gelatine  gave  the  following  average  result:- 

Acid  Gelatine  Alkaline  Gelatine 

1  c  c  South  Hants  water.  (i-fi  per  cent.).  (0-1  i>cr  cent.). 

After  48  hours'  incubation  at  22">  C.  59  colonies.  81  colonies. 
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All  the  colonies  in  the  acid  gelatine  appeared  to  grow  more  slowly  than 
in  the  alkaline  gelatine,  but  the  difference  ^vas  not  very  marked. 

The  Preparation  of  "Water  Plates." 

The  water  to  be  examined  should  be  placed  in  a  sterile  bottle,  with  a  glass 
stopper,  and  thoroughly  shaken  for  about  ten  ininutes ;  in  this  way  all 
clumps  of  bacteria  will  be  broken  up  and  each  organism  will  produce  only 
one  colony  when  it  develops  in  the  Petri-dish.    The  next  step  is  to  deter- 
mine the  amount  of  water  M'hich  can  be  used  for  each  plate,  as  it  is  necessary 
that  each  micro-organism  shall  have  sufficient  room  to  develop  without 
touching  its  neighbours.    The  simplest  method  of  arriving  at  an  idea  of  the 
number  of  bacteria  present  in  the  water  is  to  remove  -^^  c.c.  of  the  water 
from  the  shake  l)ottle  and  deposit  it  on  a  cover-glass ;  then  by  staining  and 
counting  the  microbes  on  the  cover-glass,  it  is  possible  to  determine  approxi- 
mately the  number  of  micro-organisms  present  in  a  c.c.  of  the  Avater.  When 
working  with  Petri-dishes  having  a  diameter  of  four  inches,  it  is  best  to  use 
such  an  amount  of  water  as  will  give  not  more  than  300  colonies  in  each 
Jilate.    If  the  water  contains  a  large  number  of  organisms  it  should  be 
■<liluted  with  sterile  tap-water.    In  order  to  measure  the  calculated  amount 
of  Avater  required  for  each  plate,  accurately  graduated  pipettes  must  be  used. 
<-)ne  c.c.  pipettes  graduated  in  ^^ths  are  most  useful.    Each  pipette  must 
be  thoroughly  cleaned ;  the  upper  end  is  then  plugged  with  cotton-AVool  and 
the  loAver  end  placed  in  a  sterile  test-tube,  the  mouth  of  Avhich  is  firmly 
plugged  Avith  cotton-Avool.    The  test-tubes  and  pipettes  are  sterilised  at 
150°  C.  for  three  hours  and  kept  in  metal  boxes  until  required  for  use.  The 
Petri-dishes,  Avrapped  in  thin  paper,  are  also  sterilised  in  the  same  manner. 
Three  gelatine  plates  should  be  made  from  the  sample  of  Avater  in  the 
folloAving  manner.    Three  gelatine  tubes  are  melted  in  the  Avater-bath  at  a 
temperature  of  about  30°  C,  the  cotton-Avool  plugs  are  then  sterilised  in  the 
Eunsen  flame  and  tAvisted  round  so  as  to  loosen  them.    The  required 
•amount  of  Avater  is  draAvn  up  into  a  sterile  pipette  ;  then  holding  the  pipette 
almost  liorizontally  with  the  right  hand,  take  the  tube  containing  the 
juelted  gelatine  in  the  left  hand  l^etAveen  the  thumb  and  first  finger  and 
again  sterilise  the  jjlug.    Js^oav  hold  the  tube  as  nearly  horizontal  as  possible, 
Avithout  permitting  the  gelatine  to  touch  the  avooI  ;  remove  the  plug  Avith 
the  third  and  fourth  fingers  of  the  riglit  hand,  introduce  tlie  Avatei" again 
sterilise  the  neck  of  the  test-tube,  and  replace  the  plug.    Place  the  pipette 
on  a  sterile  metal  stand  and  roll  the  test-tube,  held  vertically  between  the 
palms  of  the  hands,  so  as  to  tlioroughly  mix  the  Avater  and  gelatine.  The 
t(!st-tube  must  not  be  shaken  up  and  doAvn,  or  air-bubl)les  Avill  be  introduced 
into  the  gelatine.    Having  thoroughly  mixed  the  Avater  and  gelatine,  hold 
the  test-tube  in  the  right  hand,  sterilise  tlie  avooI  and  neck  in  the  flame,  and 
then  withdraw  the  plug  with  the  inner  margin  of  the  left  hand.    IS^ext  raise 
the  lid  of  the  Petri-dish  with  the  thumli,  first  and  second  fingers  of 
tlie  left  liaiid,  introduce  Ihe  neck  of  the  tcst-tul)c  into  the  aperture,  pour 
out  the  mixed  Avater  and  gelatine,  replace  tlie  lid  and  gently  diffuse  tlie 
contents  into  a  thin  layer  on  the  bottom  of  the  dish.    When  making 
the  plates  it  will  he  noticed  that  it  is  almost  iiiiiiossible  to  pour  out 
all  the  gelatine  from  the  test-tubes  Avithout  opening  the  Pctri-di.shes  to  a 
dangerous  extent.    As  the  portion  of  gelatine  still  remaining  at  the  bottom 
of  tlie  test-tube  may  contain  a  few  organisms,  it  is  best,  after  the  plug  has 
been  replaced,  to  distribute  it  over  tlie  Avails  of  the  tube  in  as  tliin  a  layer 
Jis  possible ;  in  fact,  to  convert  the  tube  into  an  Esmarch-roll.    The  plates 
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and  test-tubes  are  usually  incubated  at  20°  to  22°  C.  and  the  colonies  Avducli 
develop  are  counted  from  day  to  day.    As  a  rule  it  will  be  found  that  there 
is  no  material  increase  in  the  number  of  colonies  after  the  fifth  day,  and  it 
possible  the  plates  should  be  kept  for  this  period.    But  if  many  hqnefying 
organisms  are  present  the  plates  will  be  destroyed  by  the  third  or  fourth 
da°v.    The  simplest  method  of  counting  the  number  of  colonies  is  to  divide 
up  the  outer  surface  of  the  bottom  of  the  Petri-dish  into  sections  by  straight 
lines  running  from  the  centre  to  the  periphery ;  this  can  easily  be  done  witn 
a  wax  pencil.    A  small  hand  magnifying  glass  will  be  found  useful  m 
differentiating  masses  of  granules  in  the  gelatine  from  true  colonies.  Lhe 
result  of  the  enumeration  should  be  stated  as  so  many  aerobic  colonies 
or  organisms  which  have  developed  at  20°  to  22   C.  after  forty-eight 
hours°to  five  days'  incubation,  as  the  case  may  be.    Is^eisser  recommended 
that  the  plates  should  be  counted  under  the  microscope,  and  showed  that 
the  number  obtained  by  this  method  after  twenty-four  hours  incubation 
would  equal  the  number  obtained  by  the  ordinary  microscopic  method  alter 
seventy-two  hours'  incubation.  . 

In  tropical  climates  it  is  often  impossible  to  use  gelatine.    Durmg  manj 
months  of  the  year,  the  air  temperature  is  above  the  meltmg-pomt  ot 
gelatine,  consequently  the  plates  remain  fluid  and  the  micro-organisms  are 
not  kept  apart  so  as  to  permit  a  proper  isolation  of  the  colonies.  Under 
these  Conditions  agar-agar  must  be  used  as  the  nutrient  medium  Agai 
tubes  are  melted  and  seeded  with   the   water  after  they  have  cooled 
down  to  40°  C.  ;  the  mixture  of  water  and  agar  is  then  poured  out,  as 
before  described,  into  Petri-dishes  and  allowed  to  incubate  at  the  prevail- 
ing temperature.    A  simpler  method  is  to  pour  out  the  melted  agar  mto  a 
Petri-dish  and  allow  it  to  set;  the  calculated  amount  of  water  is  then 
introduced  by  means  of  a  pipette,  and  the  fluid  evenly  distributed  over  the 
surf  ace  of  the  agar  by  means  of  a  platinum  spreader.    The  high  temperatures 
which  obtain  in  tropical  climates  are  prejudicial  to  the  development  of  water- 
oi-anisms,  so  that  the  counts  obtained  on  the  agar  plates  are  smaller  than 
Ee  obtained  from  the  same  water  seeded  m  gelatine  during  the  colder 

'^'^  The  interpretation  of  the  results  of  a  quantitative  bacteriological  analysis 
is  a  matter  of  considerable  difliculty.  In  order  to  give  a  rehable  opinion 
on  the  results  obtained,  it  is  necessary  to  know  the  normal  bacterial  contents 
0?  the  vSious  sources  of  supply  and  the  way  in  which  these  contents  a^^^^ 
influenced  by  light,  temperature,  movement,  and  the  chemical  constitution 

^IS^oT  has  been  carefully  examined  by  Janowski  The  upper  layers 
were  removed  so  as  to  avoid  surface  impurities ;  the  clean  snow  then 
obtained  was  melted  and  1  c.c.  used  for  each  plate. 

,       24  hours  Snow  Ij-ing  48  hours. 

Sample  I.  containid  2  nncvo-organisms  per  c.c.  18  micro-organisms  per  c.c. 

„      II.  4 

Snow  lying  72  hours.  Snow  lying 96  hours. 

Sample  I.  containe/228  micro-organisms  rer  c.c.     145  micro-organisms  per  c.c. 

Thus  even  at  a  low  temperature,  snow  contains  micro-organisms,  and 
the  nSer  appears  to  increase  with  the  length  of  time  the  snow  has  been 

^^'"irolttinrrffom  various  sources  in  Berlin  was  studied  by  Heyrotli 
Blocks  of  S  we  broken  and  portions  removed  from  the  centre  were  melted 
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in  sterile  test-tuLes ;  1  c.c.  of  the  resulting  Avater  was  then  used  for  each 
plate.    The  following  results  Avere  obtained  : — 

Ice  from  Plotzen  Lake  contained    490  micro-oro-anisms  per  c  c 

the  River  Spree  ,,  171  ,, 

"              >i  >>  1,780  ,, 

,,     Weissen  Lake  735  ,, 

„     pond  water  „  14,440  ,, 

Rivers  have  been  carefully  investigated  by  many  bacteriologists.  The 
results  obtained  show  tliat  in  summer  the  bacterial  contents  are  lower  than 
in  winter,  because  in  the  former  season  there  is  an  absence  of  surface  wash- 
ings from  cultivated  ground,  and  the  water  is  largely  derived  from  pure 
sources,  sucli  as  springs. 

The  following  table  shows  the  varying  numbers  of  micro-organisms  which 
have  been  found  in  the  Thames,  Lea,  and  Seine  : — 

Thames.  Lea.  Seine. 

January,  .  .  .  92,000  31,000  52,670 

February,  .  .  ,  40,000  26,000  43,120 

March,  .  .  .  66,000  63,000  34,710 

■April,  .  .  .  13,000  84,000  38,640 

May,  .  .  .  1,900  1,124  12,930 

.  .  .  3,500  7,000  28,150 

J"ly.  •  •  .  1,070  2,190  14,130 

^"g"st,  .  .  .  3,000  2,000  6,780 

September,  .  .  .  1,740  1,670  20,220 

October,  .  .  .  1,130  2,310  2,235 

November,  .  .  .  11,700    .      57,500  37,720 

December,  .  .  .  io,600  4,400  78,950 

It  is  always  noticed  that  when  a  river  passes  through  a  town  tliere  is  a 
great  increase  in  the  number  of  bacteria.  Frankland  found  the  river  Dee 
above  Braemar  contained  only  88  micro-organisms  per  c.c,  but  below  Old 
Mar  Castle,  having  received  the  sewage  from  Braemar,  it  contained  2829 
micro-organisms  per  c.c.  It  is  quite  impossible  to  fix  an  average  bacterial 
count  for  river  water,  as  the  number  varies  between  less  than  a  hundred  and 
many  thousand  per  c.c,  and  depends  entirely  on  the  local  influences  at  work. 

Late.— Water  from  lakes  generally  contains  fewer  bacteria  than  river 
water.  Close  to  the  shore  the  number  is  higher  than  in  tlie  centre,  also  the 
number  is  higher  in  winter  than  in  summer.  Cramer's  examination  of 
Lake  Zurich  showed  142  bacteria  per  c.c  in  winter,  and  only  71  per  c.c.  in 
summer.  Karlinski  found  in  a  lake  in  Herzegovina  16,000  bacteria  per  c.c. 
near  the  shore,  and  3000  per  cc.  in  the  centre. 

W^eZZs.— Surface  wells  are  liable  to  pollution  from  many  sources,  and 
the  ba,cterial  contents  have  been  found  to  vary  between  500  and  30,000 
bacteria  per  c.c  Fischer's  examinations  of  the  wells  in  Kiel  showed  51 
^^^^  ^'''"^'^  bacteria  per  c.c,  64  wells  witli  between  1000  and 
10,000  bacteria  per  cc,  22  wells  with  between  10,000  and  20,000  Ijacteria 
per  c.c,  and  8  wells  with  more  than  30,000  bacteria  per  cc  Deep  wells, 
on  the  other  hand,  generally  contain  very  few  micro-organisms,  tlie  water 
having  percolated  througli  a  considerable  tliickness  of  ground.  Frankland 
found  m  the  Kent  wells,  sunk  in  the  chalk,  between  6  and  25  micro- 
organisms per  c.c  Egger  found  only  4  micro-organisms  per  c.c.  in  the 
artesian  wells  in  Mainz,  and  Hucppe  found  the  same  number  in  the  deep 
wells  in  Wiesbaden.  Heracus,  C.  Friiukel,  and  Maschek  have  made  numerous 
studies  of  wells  at  rest  and  after  pumping.  A  avoII  wliich  liad  lieen  at  rest  for 
thirty-six  hours  was  examined  by  Heraeus  and  found  to  contain  5000  micro- 
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orc^anisms  per  c.c,  but  after  it  had  been  emptied  by  pumping  aud  aUowed 
to  fill  for  half  an  hour,  the  water  contained  only  35  micro-organisms  per  c.c^ 
Sprinqs  resemble  deep  wells  in  their  bacterial  content ;  as  a  rule  veiy 
few  micro-organisms  are  found  in  main  springs.    Cramer  ^^o^^^,  and 
Buchner  stated  that  the  springs  in  Zurich,  Altenburg,  and  Lrunnthal  con 
tained  from  4  to  36  bacteria  per  c.c.  f 
A  brief  consideration  of  these  results  shows  that,  with  the  exception  ot 
deep  weUs  and  springs,  it  is  impossible  to  decide,  from  the  q^t^t^^i;^ 
examination  alone,  whether  a  water-supply  has  beeii  poUu  ed  or  not  ihe 
reason  is  not  far  to  seek  ;  the  failure  is  due  to  the  fact  that  the  great  vaiia- 
tions  in  the  results  are  attributable  not  only  to  possible  f^^^^^g^  contamina- 
tion, but  also  to  the  influence  of  the  physical  and  chemical  conditions  of  the 
supi  ly,  which  operate  sometimes  so  as  to  increase   he  number  of  micio- 
orginSms  present,  and  at  other  times  lead  to  a  ^■''^P^^\  ^^^^PP^^^J  f  °  .^^^^^ 
mfcrobes.    The  physical  and  chemical  conditions  which  influence  the  life  ot 
micro-organisms  in  water  will  now  be  briefly  considered. 

The  influence  of  light  was  first  carefully  investigated  by  Downes  and 
Blunt  and  very  little  has  been  added  to  our  knowledge  since  their  experi- 
ments were  made.    These  observers  found  that  under  favourable  condi  ions 
Xosure  to  light  entirely  prevented  the  growth  of  micro-organisms ;  direct 
Sht  produced  the  greatest  effect,  but  diffused  daylight  also  appeared  to 
have  a  restraining  influence.    The  blue  and  violet  rays  of  ^^^f^^fl^ 
entirely  prevented  the  growth  of  micro-organisms,  whereas  the  red  and 
oran<^?red  rays  merely  delayed  development.     Downes  and  Blunt  found 
that°spores  were  uninjured  by  exposure  to  light  in  a  vacuum,  and  came  to 
t  e  crclusion  that  the  action  of  light  was  due  to  a  S-'i-l  F;oc^f  ^of 
oxidation  setup  by  the  sun's  rays  in  the  presence  of  oxygen  Frankland 
WaTDieudomic^:  Buchner,  and  Jaiiowski  have  all  worked  at  this  subjec  , 
and  tiif  following  conclusions  appear  to  be  justified  by  the  results  winch 
have  been  obtained  up  to  the  present  time.  _  .  . 

(1)  There  is  no  doubt  that  light,  and  especiaUy  sunlight,  has  an  injurious 
action  on  micro-organisms,  and  that  it  acts  directly  on  them  as  we  1  as  by 
producing  changes  in  the  media.  The  eftect  produced  is  independent  of  the 
rise  of  temperature  which  usually  accompanies  insolation. 

(2)  The  action  of  light  is  greatly  influenced  by  the  presence  of  ai  and 
moisture,  the  process  being  largely  an  oxidation  attended  by  the  de.elop- 

"^%f  S;Sr3:n  of  exposure  required  to  destroy  micro-organisi^ 
varies  with  the  intensity  of  the  light  and  the  vitality  of  the  species  of  micio- 

""'^TirThe  influence  of  sunlight  probably  extends  through  water  for  a 

"^U^^^l"^"^^^  -  bacterial  con. 

tei/o  '  it  omy  operates  powei-fuUy  on  shallow  streams, 

and  even  then  great  -eliance  cannot  be  placed  on  its  bactericidal  powers. 

nkvs  a  very  important  part  in  changing  the  bacterial 
^t7^tZ^^^■^     Frafiklaild's  expel-iments  on  Thames  ..iter  at  the 
content  of  water  supp^^^^^^^^       Company  show  the  eff-ects  of  storage  extremely 

Z        „  w  .r  ..ftor  nassin-  through  one  storage  reservoir,  and  (3)  after  pass- 
"Z:^^!^  i--oir^    The  following  results  were  obtained  :^ 

X.  TT      t,.^  .   1437  organisms  per  c.c. 

M^  'riinnies  water  at  Hampton,         .         •        •  qij 
11  names  w       ^f^g    ^^^sing  through  one  reserrou,     318  „ 

W  "  '■  two  reservoirs,   17*  n 

(3)  >.  "  " 
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Different  species  behave  differently  as  regards  sedimentation.  Tiemann- 
Giirtner  showed  that  neither  B.  fluorescens  Uquefaciens  nor  a  yelloAv  non- 
motile  coccus,  from  the  air,  sank  to  the  bottom  of  a  glass  tube  60  cm.  high 
and  2  "5  cm.  wide.  The  counts  obtained  from  the  surface  and  the  bottom 
of  the  tube  were  identical.    Scheurlen  examined  suspensions  of  B.  typhosus, 

B.  megaterium,  Proteus  vulgaris,  P.  mirabilis,  and  S.  cholerce  placed 
in  a  tube  17  cm.  high.  At  the  end  of  four  days  he  found  that  the 
first  three  microbes  had  in  great  part  sunlv  to  the  bottom,  whilst  the  last 
two  appeared  to  remain  equally  distributed  through  the  water.  It  is 
possible  that  the  necessity  for  oxygen  exercises  an  influence  on  the  sedi- 
mentation of  various  species.  The  fact  remains,  however,  that  a  water  after 
receiving  a  large  number  of  organisms  will,  in  a  very  short  time,  show  a 
great  diminution  in  its  bacterial  contents.  The  self-purification  may  be  due 
to  the  following  causes  : — 

(1)  To  the  death  of  those  micro-organisms  which  either  do  not  belong  to  the  so- 
called  water-bacteria  or  are  sensitive  to  the  influence  of  light. 

(2)  To  a  sedimentation  of  non-motile  and  the  spores  of  motile  organisms, 

(3)  To  a  spontaneous  sinking  of  bacteria  with  solid  materials  which  form  nutritive 
centres. 

(4)  To  a  mechanical  sinking  of  organisms  with  the  subsidence  of  heavy  materials. 

The  character  of  the  water,  and  especially  the  numbers  of  micro- 
organisms present,  have  a  very  imjiortant  influence  in  changing  the  bacterial 
contents.  Miquel's  researches  showed  that  in  surface  Avaters,  such  as  rivers 
containing  a  large  number  of  organisms,  the  multiplication  of  bacteria  is 
slow  and  persistent ;  whilst  in  deep- well  waters  and  springs  containing  only 
a  few  organisms  the  multiplication  is  rapid  but  soon  followed  by  a  marked 
and  steady  decrease.  Frankland's  experiments  on  a  deep  well  support 
Miquel's  observations. 

T)iv  aftpr  cnllpptinn  ^fter  3  days  in  the  dark         After  16  days  in  the 

nay  alter  collection.  ^  ^^^^^  j^^.  c. 

Kent  Well,        96  bacteria  per  c.c.       178,379  bacteria  per  c.c.       51,843  per  c.c. 

Cramer's  experiments  with  filtered  water  from  Lake  Zurich  show  the 

same  facts  in  a  striking  manner  : — 

No.  of  colonies  per  c.c. 
Immediately  after  filling  the  flask,     .  .  143 

After  24  hours,  ....  12,'157 

,,     3  days,  .....  328,543 

„     8    ,,   233,462 

„    17    ,  17,436 

„    70  .  .  .  .  .  2,500 

Frankland's  investigations  on  the  bacterial  contents  of  the  rivers 
Thames  and  Lea  showed  a  marked  reduction  in  the  number  of  bacteria 
after  four  days'  storage  at  22°  C. 

T>„„  „ffo>  ^„ii„„*i  „         After  2  days  in  tlie  After  4  days  in  the 

Day  after  collection.  ^^^^    ^20°  C.  dark  at  20°  C. 

Organism  per  c.c.  Organism  per  c.c.  Organism  per  c.c. 

River  Thames  at 

Hampton,  12,250  4,386  2,018 

River  Lea  at  Chingford,      7,300  2,148  1,286 

The  diminution  in  the  number  of  micro-organisms  appears  to  be  due 
partly  to  the  food  materials  necessary  for  the  growth  of  some  varieties  being 
used  up,  and  partly  to  the  products  of  the  bacteria  being  harmful,  so  that 
the  water  becomes  both  "impoverished  and  poisoned."  Temperature  has 
an  important  effect  on  the  multiplication  of  bacteria. 

Miquel  shoAved  that  when  a  water  was  kept  at  a  temperature  below  5° 

C.  the  numlier  of  Ixacteria  did  not  apparently  alter.  The  number  was 
kept  relatively  about  the  same,  not  because  the  bacteria  were  unable  to 
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increase,  but  because  they  were  unequally  affected  by  teuiperature  the 
deaths  of  some  species  being  balanced  by  the  births  of  others.  Karlniski 
has  shown  that  exposure  to  cold  has  a  pernicious  influence  on  certain 
pathogenic  organisms.  He  inoculated  the  water  supphed  to  the  town  ot 
Innsbruck  with  the  B.  typhosus,  S.  cholerce  and  B.  anthracis,  and  kept  the 
specimen  at  80°  C.  with  the  following  results  :—  ... 

B  Typhosus.  S.  Choleric.  B.  Anthracis. 

Immediately  after  inoculation,       26,000  per  c.c.  8,000  per  c.c.  11,000 

After  24  hours,       .  .  21.000     „  1,200     „  7,000 

-.    48     „  .  .  H.OOO     „  60  263 

„    96  .  .  2,000     „  0  ,. 

As  the  pathogenic  organisms  decreased,  the  water-organisms  increased 
These  experiments  have  a  very  practical  bearing  on  the  bacteriological 
examination  of  watdr,  and  show  that  after  transport  in  ice  for  several  days, 
a  specimen  of  water  may  yield  no  pathogenic  organisms,  though  when 
collected  it  contained  them  in  large  numbers. 

A  temperature  of  37°  C.  (blood  heat)  has  a  very  powerful  action  m 
arresting  the  multiplication  of  pure  water-orgaiusms,  ,f  ^'o^^^^^,;^^^ 
multiplication  of  most  of  the  sewage  organisms;  hence  it  often  happens 
that  polluted  waters  when  incubated  at  37°  C.  show  a  marked  increase 
in  their  bacterial  contents.  i  +i-,o 

The  influence  of  the  chemical  constitution  of  a  water-supply  on  the 
number  of  micro-organisms  has  been  investigated  by  many  observers 
especiaUy  in  Germany.  Proskauer  and  Frank's  experiments  showed  that 
there  was  no  constant  direct  relation  between  the  nnmber  of  niicro- 
organisms  and  the  chemical  composition  of  the  water.  Bol  on  s  wk 
pointed  in  the  same  direction.  Tiemann-Gartner  l^^^^^^^^  J^^^*  f  ^'^^.^^^"^^ 
to  nutritive  material  bacteria  fall  into  two  groups  The  A^jt  group 
includes  the  water  bacteria  which  have  very  slight  dependence  on  the 
nutritive  material  present  and  under  favourable  circumstances  mul^ 
tiply  rapidly.  The  second  group  embraces  those  organisms  ^yl^d^/; « 
gristly  dependent  on  the  nutritive  material  present  ^^^-'^^^J'^.^^^l^^^ 
the  earth  and  living  beings.  With  regard  to  organic  matter  ^^^J^  f  ^J^"^ 
of  investigation  are^ery  great;  we  are  not  able  to  ^''^'}^'Z^  ^^tU^^^ 
of  the  constituents  form  suitable  food  for  bacteria;  "^-^^<^^\  ^"f.^^^^  1^,^^ 
said  that  the  quality  of  the  organic  matter  is  far  more  important  than  the 
q  antity.    Using  the  oxygen  derived  from  potassium  permanganate  as  a 

S  Fischer  found  in  oii^case  74  parts  per  ^O^'f «  "^"ST^^/i^oToOO 
with  800  bacteria  present,  and  in  another  case  only  0-5  part  P^i  100,000 
If  oxygen  absorbed  with  360,000  bacteria  present.    A  f  ^J/ . 

experiments  appears  to  justify  the  statement  that  there  is  no  direct  relation 
iXeen  the  cliemical  compo  Jtion  and  the  number  of 

speaking  generally,  it  may  be  said  that  those  waters  which  contain  much 
nvf/'inic  matter  usually  show  a  high  bacterial  count. 

"°Tt  is  now  evident' that  the  general  standards  ^^^^^^^^^^^^ 
cannot  be  used  for  all  waters.    Mace  certainly  says  that  the  ""i^^^c^ 
micro-or<^anisms  present  does  not  give  any  accurate  in  ormation  a.  to  he 
vXeS  a  water  fat  the  same  time  lie  suggests  the  following  cla.ssification 
which  f'ives  the  mean  results  of  a  long  series  ot  exammations  .— 

Vefybad      Z  «  10,000  to  100,000 
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The  only  sound  way  to  judge  a  supply  is  to  examine  each  source  sepa- 
rately at  diflPerent  times  of  the  year,  especially  before  and  after  rain,  in 
siunmer  and  in  winter  ;  in  this  way  local  standards  for  comparison  will  be 
obtained  which  will  have  great  practical  value.  For  general  reference  water- 
supplies  may  be  arranged  in  the  following  groups  :  (a)  spring  and  deep-weU 
waters  ;  (b)  upland  surface  Avaters  ;  (c)  shallow-well  waters  ;  (d)  river  waters. 

(a)  The  supply  is  obtained  from  main  springs  and  deep  wells.  These 
two  sources  are  classed  together  because  they  both  represent  water  which 
has  percolated  through  a  considerable  depth  of  ground  and  are  really  filtered 
supplies  containing,  as  a  rule,  very  few  bacteria.  Tiemann-Giirtner  con- 
sidered that  water  derived  from  these  sources  should  never  contain  more  tlian 
50  micro-organisms  per  c.c,  and  the  analyses  previously  given  show  that 
this  is  a  reasonable  limit ;  as  the  water  has  percolated  through  a  consider- 
able dejath  of  ground  it  keeps  a  fairly  uniform  temperature  throughout  the 
year  and  is  very  little  influenced  by  climatic  conditions.  Consequently,  if 
deep  wells  and  springs  are  kept  free  from  surface  pollution  and  the  outcrops 
of  the  water-bearing  strata  are  above  suspicion,  there  is  every  reason  to 
expect  a  constant  bacterial  composition  of  these  supplies. 

(6)  The  supply  is  derived  from  an  upland  surface.  The  water  is  usually 
collected  in  an  impounding  reservoir  and  distributed  without  filtration. 
Such  a  supply  must  be  studied  locally  by  determining  the  bacterial  contents 
of  unpolluted  feeders  at  different  times  of  the  year.  If  to  this  study  there  be 
added  an  examination  of  the  reservoirs  at  its  upjaer  end  where  the  various 
feeders  enter,  and  at  the  lower  end  where  the  water  is  discharged  after  sedi- 
mentation has  helped  to  reduce  the  number  of  micro-organisms,  a  very  good 
idea  of  the  true  bacterial  content  of  the  supply  will  be  obtained.  Tables  can 
then  be  made  for  reference  which  will  form  an  effective  control  of  the  supply. 

It  often  happens,  however,  that  the  upland  surface  grounds  are  obviously 
open  to  pollution  from  human  habitations,  &c.  In  such  a  condition  of 
things  it  will  be  of  little  use  to  determine  the  average  bacterial  contents  of 
the  feeders,  because  even  daily  examinations  would  not  enable  the  supply 
to  be  effectively  safeguarded.  The  water  must  then  be  subjected  to  the 
artificial  conditions  of  filtration,  which  will  be  considered  under  River- water. 

(c)  The  water  is  derived  from  shallow  wells. 

The  analyses  already  given  show  how  impossible  it  is  to  fix  any  standard 
for  shallow  wells.  Unless  properly  covered,  imperviously  steined  to  a 
sufficient  depth  and  surrounded  by  at  least  an  acre  of  A'irgin  ground,  shallow 
Avells  must  be  considered  dangerous  sources  of  supply.  The  number  of 
micro-organisms  in  water  from  such  a  source  is  also  liable  to  extreme 
variation  from  climatic  conditions  independently  of  pollution,  so  tliat 
practically  local  standards  are  of  little  value. 

(d)  The  supply  is  derived  from  a  river. 

The  bacterial  contents  of  rivers  vary  within  very  wide  limits,  depending 
on  season  of  the  year  and  proximity  to  towns,  &c.  As  a  rule,  they  are 
dangerous  sources  of  supply,  for  it  appears  that  there  are  fcAV  if  any  rivers 
which  by  natural  processes  can  purify  themselves  sufficiently  to  justify  their 
consumption  without  artificial  treatment.  River-water  should  always  be 
subjected  to  sand  filtration  l)efore  delivery  for  use. 

Summing  up  our  knowledge  witli  regai'd  to  the  use  of  the  quantitative 
bacteriological  examination  as  a  means  of  indicating  contamination,  it  will 
be  seen  that  in  the  case  of  spring,  deep-well,  and  upland  surface  waters  the 
enumeration  of  the  bacteria  gives  very  useful  infoi'mation.  But  it  is  in 
relation  to  the  work  of  sand  filters  that  this  metliod  of  examination  finds 
its  greatest  use.    It  has  already  been  shown  that  the  Avork  of  sand  filters  is 
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chiefly  a  bacteriological  process,  and  that  the  real  filtration  process  is 
performed,  not  by  the  sand,  but  by  a  gelatinous  layer  which  gradually 
forms  on  the  surface  and  in  the  body  of  the  filter-beds.    With  river-water, 
which'  is  rich  in  suspended  materials,  a  good  filtering  layer  may  be  formed 
in  from  eight  to  ten  hours,  but  other  waters,  which  chiefly  contain  vegetable 
particles,  require  a  longer  time,  at  least  twenty-four  hours,  to  produce  a 
proper  filter.    When  a  filter  is  working  perfectly  there  should  be  less 
than  100  bacteria  per  c.c.  in  the  filtered  water,  quite  irrespective  of  the 
number  of  organisms  present  in  the  raw  water.    The  bacteria  found  in  the 
filtrate  are  derived  chiefly  from  the  bacterial  vegetation  surrounding  the 
filtering  material  in  the  under  layers  of  the  filter,  and  are  usually  quite 
harmless  micro-organisms.    A  few  of  the  bacteria,  however,  are  derived 
from  the  raw  ^vater ;  Friinkel  and  Piefke's  researches  have  shown  that  all 
the  micro-organisms  in  the  raw  water  cannot  be  arrested  even  with  the  best 
arrangements.    Erankel  poured  water  charged  Avith  the  B.  violaceus  on  to 
a  ripe  filter  and  found  colonies  of  this  organism  in  the  filtrate.    In  order 
to  avoid  the  objection  that  the  B.  violaceus  might  have  graduaUy  grown 
through  the  filter  owing  to  the  nutriment  supplied  by  the  broth  culture, 
Frankel  made  his  cultures  in  broth  so  diluted  that  their  addition  increased 
the  nutritive  powers  of  the  water  only  in  a  very  infinitesimal  degree.  This 
being  the  case,  it  is  obvious  that  the  number  of  bacteria  in  the  filtered  water 
must  be  kept  as  low  as  possible  so  as  to  minimise  the  chance  of  pathogenic 
or<'anisms  being  found  in  the  filtrate.    At  the  Altona  works  the  filtered 
water  usually  showed  counts  under  30  per  c.c,  50  to  70  per  c.c.  were  rarely 
found,  and  under  these  conditions  the  presence  of  pathogenic  organisms  in 
the  filtrate  was  considered  to  be  practically  a  negligible  quantity.    In  order 
to  obtain  such  a  high  degree  of  purification,  it  is  absolutely  essential  that 
the  rate  of  filtration  shall  never  rise  above  100  mm.  an  hour.    It  is  equally 
important  that  there  shall  be  means  of  making  a  daily  examination  of  the 
filtered  water  from  each  bed.    Filtered  water  contaimng  more  than  lUU 
orcvanisms  per  c.c.  must  not  be  passed  into  the  reservoir  for  pure  water ; 
the  beds  must  be  so  constructed  that  imperfectly-filtered  water  cannot  mix 
with  the  pure  water.    Reinsch  and  Klimmel  have  devised  an  apparatus  by 
which  samples  of  water  for  bacteriological  examination  can  be  taken  from 
filter-beds  of  old  construction.    The  importance  of  being  able  to  examine 
each  bed  is  well  shown  by  the  following  results  of  one  of  their  investigations 
of  filter-beds  Nos.  2  and  3  at  the  Altona  water-works ;  No.  2  bed  had  been 
cleaned  and  a  fresh  layer  of  sand  60  cm.  thick  put  on  the  bed :— 

Bacteria  per  c.c.  Bacteria  per  c.c. 

Date.                       in  Filter  No.  2.  in  Filter  No.  3. 

June  26                         520  10 

27                         394  S 

"    98                         224  10 

"    29  96 

30  56  6 

July    1  34  4 

When  examining  the  filtered  water  at  least  three  gelatine  plates  should 
be  made,  and  the  counts  taken  after  forty-eight  hours  mcubation  at  20  C. 
Qualitative  Bacteriological  Examination. 
The  most  important  part  of  the  bacteriological  examination  of  water- 
supplies  consists  in  the  isolation  and  recognition  of  the  various  kinds  of  bacter.a 
present  but  at  the  present  time  mucli  confusion  exists  as  to  the  species  of 
micro  organisms  which  are  normally  present  in  waters  from  various  source. 
Many  01°  anisms  have  lieen  described  as  dillcrent  species  which  are  really 
0  Uy  vaHeties.  the  variation  being  caused  by  differences  in  food,  habitat, 
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temperature,  &c.  Professor  Marshall  Ward's  work  on  the  river  Thames 
has  shown  how  many  of  the  errors  ha^'e  arisen.  "  There  is  no  doubt  that 
many  of  the  bacteria  isolated  from  impure  waters  behave  as  weakened  forms, 
and  the  recognition  and  description  of  these  enfeebled  varieties  suggests  an 
explanation  of  many  of  the  species  found  in  the  various  works  on  water 
bacteria."  Species  do  exist,  but  they  embrace  many  varieties  which  have 
usually  been  described  as  true  species.  In  the  present  state  of  our  know- 
ledge it  will  be  found  most  advantageous,  from  a  hygienic  point  of  view,  to 
arrange  the  micro-organisms  found  in  water  in  the  three  following  classes  : — 

Class  I. — Micro-organisms  which  are  usually  found  in  pure  waters. 

Class  II. — Micro-organisms  which  are  common  in  sewage  but  are  rarely 
found  in  pure  waters. 

Class  III. — Micro-organisms  which  are  the  cause  of  specific  disease  in 
human  beings  and  have  been  isolated  from  water-supplies. 

Class  I. 

The  micro-organisms  belonging  to  this  class  may  be  arranged  in  the 
following  groups  : — 

Group  1. — In  this  group  are  included  the  microbes  which  produce  a 
green  colour  in  nutrient  media ;  they  may  Ije  again  sub-divided  into  those 
which  liquefy  and  those  which  do  not  liquefy  gelatine.  The  Bacillus 
iluorescens  liquefaciens  is  the  type  of  the  first  sub-division ;  it  is  exceedingly 
common  in  waters  from  all  sources.  There  are  many  varieties  depending  on 
the  rate  of  liquefaction  and  the  amount  of  green  pigment  produced,  and  the 
liquefying  sul^-division  insensibly  passes  into  the  non-liquefying  sub-division. 

B.  FLUORESCENS  LIQUEFACIENS  (type  from  a  pure  well-water). — Colonies 
on  gelatine  plates. — After  twenty-four  hours  at  20°  C.  fine  films  appear  with 
granular  contents ;  after  forty-eight  hours  the  films  become  converted  into 
shallow  cups  surrounded  by  a  green  fluorescence ;  under  a  low  power  the 
surface  colonies  appear  to  have  a  margin  set  with  very  fine  rays,  and  in  the 
centre  a  membrane  may  be  seen.  Later  the  membrane  disappears,  and  as 
the  liquefaction  extends  the  fine  rays  are  re})laced  by  a  hazy  granular 
appearance.  Stah  gelatine,  the  gelatine  is  liquefied  in  the  form  of  a 
funnel ;  the  medium  acquires  a  green  colour.  Agai',  smooth  white  growth 
appears ;  the  agar  acquires  a  green  colour.  Broth,  difl'used  growth  is 
produced ;  a  slight  pellicle  forms  on  the  surface,  and  a  thick  deposit  appears 
at  the  bottom  of  tlie  tube ;  the  broth  acquires  a  green  colour.  Potato,  a 
yellowish-green  growth.  Glucose  gelatine,  no  gas  formation.  Nitrate 
broth,  after  seven  days  at  22°  C.  large  quantities  of  ammonia  are  produced. 
Milk  is  coagulated  in  forty-eiglit  hours  ;  the  whey  acquires  a  green  colour. 
Peptone  water,  no  indol  formed.  Microscopical  appearance. — A  short 
motile  bacillus,  generally  found  in  jmirs.  It  will  grow  at  37°  C,  and  on 
agar  plates  before  the  green  colour  has  developed  the  colonies  may  closely 
resemble  those  of  the  B.  typhosus.  8omc  varieties  isolated  from  sewage 
show  very  little  green  fluorescence,  and  others  derived  from  well-waters 
show  an  intense  green  fluorescence  but  do  not  coagulate  milk,  and  refuse  to 
develop  at  37°  C.    (Plate  I.,  figs.  4  and  5.) 

B.  FLUORBHCENS  NON-LiQUEKACiENS.  —  Gulonics  on  gelatine  ^^/a/es. — - 
After  forty-eight  liours  at  22°  C.  the  surface  colonies  arc  thin,  with  an 
irregular  margin,  and  when  held  up  to  the  light  have  a  liluish,  almost 
transparent  appearance ;  the  surrounding  gelatine  shows  a  green  fluorescence  ; 
under  §"  the  colonies  sliow  a  beautiful  venation  resembling  tliat  of  a  leaf. 
Stah  gelatine,  there  is  a  surface  growth  roeembling  the  colonies,  and  a 
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thin  growth  ulong  the  stab ;  the  gelatine  is  not  Hquefied,  and  acquires  a 
briglit  green  colour.    Agar,  -white  growth ;  the  medium  acquires  a  green 
colour.    Broth,  diffused  growth ;  a  pellicle  appears  on  the  surface  in  forty- 
eight  hours.    Potato,  greenish-yellow  growth.     Glucose  gelatine,  no  gas 
formation.   Nitrate  hroth,  no  reducing  action.    Milk  unchanged.  Peptone, 
no  indol  produced.  Microscopic  appearance. — Short  thin  bacillus  with  rounded 
ends;  not  motile  as  a  rule.    It  does  not  grow  Avell  at  37°  C,  and  no  growth 
is  found  in  0'05  per  cent,  carbol  broth  after  twenty-four  hours'  incubation. 
Strongly  resembling  the  above  type  are  the  following  varieties,  viz. : 
B.  fluorescens  tenuis,  B.  Jtuorescens  longus,  and  B.  fluorescens  aureus. 
The  surface  colonies  of  B.  Jtuorescens  tenuis  form  thin  shining  plates  with 
an  irregular  edge ;  under  f "  they  strongly  resemble  a  shell  showing  surface 
imbrications ;  the  bacillus  is  motile.    The  reactions  on  the  various  media 
are  the  same  as  the  type,  except  that  the  potato  growth  later  acquires  a 
reddish-brown  colour.    The  surface  colonies  of  B.  floureseens  longus  show 
an  arrangement  of  granules  in  the  centre ;  later  they  grow  out  into  large 
films,  and  show  an  arrangement  of  light  and  dark  rings  in  the  centre.  The 
bacillus  is  motile,  and,  unlike  the  other  varieties,  stains  with  Gram.  The 
surface  colonies  of  B.  fluorescens  aureus  show  a  deep  golden-yellow  colour. 
The  same  yellow  colour  is  seen  in  the  growths  on  agar,  gelatine  and  potato ; 
the  bacillus  is  motile.    The  B.  fluorescens  p)utidus  Avas  isolated  by  Fliigge, 
and  is  regarded  by  Mace  as  a  sewage  variety.    The  surface  colonies  on 
gelatine  are  thicker  and  raised  in  the  centre ;  the  plates  have  a  most 
offensive  smell.    The  stab  gelatme  shows  on  the  surface  the  same  appear- 
ance as  the  colonies.    The  growths  on  other  media  are  the  same  as  tliis 
type.    It  is  a  small,  very  motile  baciUus  with  rounded  ends,  and  is  said  to 
be  non-pathogenic.    When  attempting  to  determine  the  purity  of  a  water 
by  Blachsteiu's  method  of  injection,  a  bacillus  was  found  closely  allied  to 
Fliigge's  B.  fluorescens  putidus,  which  was  distinctly  pathogenic  to  animals. 
Lepierre  isolated  a  similar  organism  from  a  cistern  at  Coimbra,  but  his 
baciUus  was  not  motile.    The  presence  of  this  organism  in  pure  waters 
suggests  that  the  results  of  Blachsteiu's  test  must  be  accepted  with  some 
reservation.    (Plate  I.,  fig.  6.) 

Group  II.— Type  the  Bacillus  aquatilis  sulcatus. — Members  of  this 
group  are  constantly  found  in  water  derived  from  weUs,  springs,  and  rivers ; 
Weichselbaum  has  described  five  varieties.  The  following  description  is 
taken  from  the  results  obtained  by  ])lanting  out  on  various  media  a 
culture  received  from  Krai's  laboratory,  which  was  a  sub-culture  of  one  of 
Weichselbaum's  specimens.  ^ 

Colonies  on  gelatine  plates.— Aitev  forty-eight  hours'  nrcubation  at  22  0. 
the  colonies  appear  on  the  surface  as  bluish-white  films  with  an  irregular 
margin ;  the  centre  is  thicker  than  the  periphery.  Under  f",  numerous  fine 
lines  are  seen  passing  from  the  centre  to  the  periphery,  producing  an  appear- 
ance closely  resembling  the  ridges  and  valleys  on  the  colonies  of  the  B. 
timhosus.  Later  the  centre  of  the  colony  acquires  a  yellow  colour ;  the 
cJelatine  is  not  liquefied.  Gelatine  stab,  surface  growth  exactly  resembles  a 
colony;  thin  growth  along  the  stab.  Agar,  a  white  smootli  growth.  Glucose 
qelatine,  no  gas  formation.  Peptone  ioater,  no  indol  formed.  MM, 
unchanged.  Potato,  no  ammrent  growth  for  forty-eight  hours  at  22  C.  ; 
later,  a  tliin  yellow  film  appears.  Broth,  generally  turlud ;  no  surface 
pellicle  Microscopical  appearance.— A  small  motile  bacillus  with  roimded 
ends  closely  resembling  the  B.  typhosus;  it  does  not  stain  with  Grams 
method  ;  it'  grows  at  5°  C,  at  which  temperature  B.  tgphosus  does  not 
develop,  and  shows  only  feeble  growth  at  37°  C.  It  gives  no  traces  of 
agglutination  with  typhoid  serum. 
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The  B.  sulcatus  is  an  important  organism  to  recognise,  owing  to  its 
strong  resemblance  to  B.  typhosus ;  it  is,  however,  easily  differentiated  by 
the  colonies  acquiring  a  yelloAV  colour,  its  quicker  growth  on  gelatine  plates, 
its  power  of  developing  at  5°  C,  and  the  absence  of  all  traces  of  agglutina- 
tioii  with  typhoid  serum. 

Group  III. — This  group  includes  the  three  varieties  of  the  "potato 
bacillus,"  viz.,  the  B.  mesentericus  vulgattis,  B.  mesentericus  fuscios,  and  B. 
viesentericus  ruber. 

The  Bacillus  MESENTERICUS  vulgatus. — Colonies  on  gelatine  plates.— At 
the  end  of  twenty-four  hours  the  colonies  develop  on  the  surface  as  small 
opaque  white  spots,  which  at  the  end  of  forty-eight  to  sev en ty-tAvo  hours 
appear  sunk  in  small  cups  of  liquefied  gelatine;  examined  at  this  stage 
under  f "  an  opaque  membrane  is  seen  in  the  centre,  surrounded  by  a  clear 
circular  zone ;  the  periphery  of  the  colony  is  set  with  fine  rays  running  out 
into  the  gelatine.  Stab  gelatine,  liquefied  in  the  form  of  a  funnel.  Glucose 
gelatine,  no  gas  formation.  Agar,  a  thin  dry  wrinkled  growth.  Peptone 
loater,  no  production  of  indol.  Potato,  a  thick  white  growth,  which  later 
becomes  Avrinkled  and  furrowed.  Nitrate  broth,  large  quantities  of  nitrous 
acid  formed.  3IiUv  at  37°  C.  is  coagulated  ;  the  casein  is^partly  digested  after 
several  days'  incubation.  Broth,  a  pellicle  forms  on  the  surface,  which 
later  becomes  wrinkled;  the  broth  below  is  comparatively  clear.  Micro- 
scopical characters. — A  small  motile  bacillus  with  rounded  ends;  forms 
spores ;  grows  well  at  37°  C,  and  in  0-05  per  cent,  carbol  broth.  (Plate  II., 
fig.  2.) 

_  The  B.  mesentericus  fuscus  corresponds  exactly  with  the  type  in  all  the 
chief  points ;  the  growths  on  agar  and  potato  have  a  marked  brown  colour. 
(Plate  I.,  fig.  7.) 

The  B.  mesentericus  ruber. — The  colonies  on  the  surface  and  in  the 
depth  show  quite  early  numerous  irregular  processes  running  in  all 
directions  from  the  periphery  ;  later,  on  the  surface  a  clear  zone  appears 
between  the  membranous  centre  and  the  peripheral  rays,  and  the  colony  in 
this  stage  closely  resembles  the  other  two  varieties.  Potato,  at  37°  C. 
a  wrinkled  growth  appears,  and  the  potato  acquires  a  red  colour.  The  red 
colour  is  not  formed  at  22°  C.  Agar.— A  thin  wrinkled  film  gradually 
forms,  which  in  the  early  stage  shows  processes  running  out  from  the 
margin.  In  other  media  it  grows  exactly  like  the  vulgatus.  It  is  a 
thiimer  bacillus  than  the  otlier  varieties.    (Plate  II.,  figs.  1  and  3.) 

Group  IV. — The  Bacillus  subtilis,  which  is  placed  in  this  group,  in 
many  ways  strongly  resembles  the  members  of  Group  III. ;  it  is  probable 
that  all  four  organisms  are  varieties  of  the  same  species. 

The  Bacillus  Subtilis.— (7oZowzes  on  gelatine  plates. — The  surface 
colonies  appear  as  small  cups  of  liquefied  gelatine  with  little  or  no  central 
membrane ;  under  a  low  power  the  periphery  of  the  colony  is  seen  to  be  set 
with  fine  processes  like  the  B.  mesentericus.  In  the  depth  of  the  gelatine 
the  colonies  often  appear  as  granular  centres  from  which  many  long  and 
curved  processes  spread  out  into  the  gelatine;  sometimes  very  irregular 
forms  are  seen  ;  in  these  the  bacilH  appear  to  be  packed  in  imrallel  rows. 
Gelatine  stab,  liquefied  in  the  form  of  a  funnel ;  a  flocculent  dei)osit  appears 
at  the  bottom  of  the  tube.  Agar,  a  white  growth,  which  later  becomes 
Avrinkled.  Glucose  gelatine,  no  gas  formation.  Nitrate  broth,  no  reduction 
of  nitrates.  Broth,  a  pellicle  forms  on  the  surface,  which  becomes 
wrinkled  and  furrowed.  Potato,  a  thick  white  growth,  which  later  becomes 
thrown  into  folds.  Peptone  water,  no  indol  formed.  Milk  is  coagulated  at 
37°  C,  and  then  partially  digested.    Microscopic  appearances. — Large  rods 
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witli  rounded  ends,  motile  ;  often  two  are  seen  .attached  together,  moving 
with  a  slow  serpentine  action.  It  forms  large  oval  spores.  (I'late  11.,  figs. 
4,  5,  and  6.) 

Group  V. — This  group  contains  a  nundjer  of  organisms  which  are  very 
common  in  unfiltered  water-supplies;  it  includes  the  Bacillus  Uquefaciens 
of  Eisenherg,  the  B.  Uguefacieiis  of  Lustig,  the  B.  liquidus  of  Frank- 
land,  and  the  B.  jmndatus'  of  Zimniermann,  which  are  all  proljably  varieties 
of  one  species.   The  following  reactions  are  characteristic  of  the  type. 

Colonies  on  gelatine. — The  surface  colonies  appear  as  cup-shaped 
depressions  which  rapidly  extend  ;  under  a  low  power  the  margin  is  seen  to 
be  smooth,  and  the  cup  contains  flocculent  masses  made  up  of  masses  of 
bacteria ;  later  the  margin  often  shows  indistinctly  marked  spinous  processes. 
Stab  gelatine,  rapidly  liquefied  in  the  form  of  a  funnel.  Glucose  gelatine, 
no  gas  formation.  Milk,  unchanged.  Broth,  rendered  turbid ;  a)i 
abundant  sediment  forms  at  the  bottom  of  the  tube.  Nitrate  broth, 
nitrates  reduced  to  nitrites  and  ammonia.  Potato.— The  growth  on  potato 
varies  ;  sometimes  it  has  a  light  yellow  colour,  at  other  times  there  is  a 
flesh-coloured  tint,  changing  to  a  reddish-brown.  Pejitone,  no  indol  formed. 
Ar/ar,  a  white  expansion. 

Microscopical  characters. — A  short  motile  bacillus  often  m  pairs— no 
spore  formation.  It  does  not  grow  well  at  blood  temperature.  This 
organism  is  very  common  in  water,  but  it  varies  considerably  in  its  cultural 
reactions.  Sometimes  the  cup-shaped  depressions  are  small  and  the 
liquefaction  comparatively  slow,  and  the  organisms  then  correspond  to 
the  B.  liquefaciens  of  Eisenberg  and  Lustig.  At  other  times  the  cup-shaped 
depressions  are  large,  and  the  licpiefaction  rapid;  the  microbe  then 
resembles  the  B.  liquidus  of  Frankland.  If,  however,  the  organisms  are 
kept  under  observation  for  a  time  it  is  found  that  the  rate  of  hquefaction 
and  the  colour  of  the  growth  on  potato  vary  considerably.  Closely  alhed  to 
this  crroup  is  another  organism  which  forms  the  same  cup-shaped  colonies ; 
but  it  "rows  well  at  37°  C,  coagulates  milk,  and  produces  gas  in  glucose 
gelatine,  and  is  usually  found  in  polluted  waters.    It  will  be  fully  describe.l 

under  Class  II.  .  i  •  i        i  a 

Group  VI  comprises  a  number  of  organisms  which  produce  a  red 
picrment  The  type  is  the  B.  prodigiosus  of  Elirenberg,  which  is  often 
found  in  waters  from  various  sources.  Colonies  on  gelatine.— Mtev  twenty- 
four  hours  the  surface  colonies  are  seen  as  round,  gnmular  films,  winch  at 
the  end  of  forty-eight  hours  appear  as  circular  depressions  with  a  red  deposit 
in  the  centre;  under  a  low  power  the  colonies  show  a  red  granular  centre 
surrounded  by  a  circular  clear  zone  and  a  narrow  granu  ar  edge  at  the 
periphery.  Stab  qelatine,  liquefied  in  the  form  of  a  funnel;  the  liquefied 
Ulatine  is  turbid,'and  has  a  red  colour.  Agar,  a  sinooth  growth  of  a  red 
colour.  Potato,  brilliant  red  growth.  Broth,  turbid,  with  a  re.l 
.leposit.  Glucose  gelatine,  no  gas  formation  Peptone  no  mdo  jn-o- 
duced.    Microscopical  appearances.-A  small  bacillus,  often  resembhng  a. 

coccus  :  not  motile.  „      ,  •    i   i  i  • 

Group  VII  —The  B.  arborescem  and  the  Ji.  ochraceus  are  included  in 
this  <n:oup.  B.  arborescens.-ColonieH  have,  a  golden  yellow  colour,  and 
unde^a  low  power,  resemble  a  wheat  sheaf;  some  small  growths  are  also 
een  consisting  of  a  rod  branching  at  the  ends.  Sometnnes  the  wheat 
sheaf  is  surrounded  by  a  thin  film  with  fine  processes  projecting  from  the 
mar 'in.  Stab  gelatine,  liquefied  in  the  form  of  a,  cup  wi  h  an  accumula- 
Uon  of  orange  pigment  at  the  bottom.  Agar,  a  raised  golden  yellow 
<nowt  1.     Glucose  r/elatine,  no  gas  formation.      Peptone,  no  indol  pro- 
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duced.  Futato,  a  thick,  coarsely  granular,  deep  orange-coloured  growth. 
Nitrate  broth,  large  quantities  of  ammonia  produced.  Microscopical 
appearance. — A  thin,  slender  bacillus  with  apparently  only  a  rotatory 
movement.  This  organism,  which  has  been  frequently  isolated  both  from 
wells  and  upland  surface,  differs  from  Franldand's  B.  arborescens  by  its 

powerfvd   reducing   action   on  nitrates.       The    B.    ocliraceus.    This 

organism  produces  a  yellow-ochre  coloured  pigment;  the  surface  colonies 
show  a  deep  yellow-ochre  coloured  centre  surrounded  by  a  thin  film  of  a 
light  yellow  colour.  Later,  processes  grow  out  from  the  centre  into  the 
margin,  and  the  colony  Ijeconies  surrounded  by  a  zone  of  liquefaction. 
Many  other  organisms  have  been  described  which  are  probably  varieties  of 
the  above,  and  are  closely  related  to  the  Proteus  species.  Professor  Ward 
regards  the  members  of  this  group  as  probably  associated  with  putrefactive 
conditions.  The  B.  ochmceus  is  probably  closely  allied  to  the  Proteus,  and 
commonly  found  in  polluted  waters.  The  B.  arborescens  is  found  in 'pure 
well-waters,  and  cannot  be  considered  as  necessarily  associated  with  putre- 
factive processes.    (Plate  I.,  figs.  1,  2,  and  3.) 

Group  VIII.  includes  the  micrococci  which  are  commonly  found  in 
water.  MiCBOcoccus  agi\.i&.— Gelatine  plates.— The  colonies  appear  as 
round,  pinkish-red  films  which  sloAvly  liquefy  tlie  gelatine.  Stab  gelatine, 
pmkish  red  growth  appears  on  the  surface,  and  the  gelatine  is  slowly 
liquefied.  Agar,  pinkish  red  growth.  Potato,  pinkish  red  growth. 
Glucose  gelatine,  no  gas  formation.  Broth,  diffiised  growth ;  a  pinkish 
red  deposit  forms  at  the  bottom  of  the  tube.  Nitrate  broth,  no  reducing 
action.  Microscopical  characters.— Cocci  about  6  inches  in  diameter,  very 
motile  ;  often  found  as  diplococci,  streptococci,  and  tetrads. 

The  Mid-oeoceus  carneus  and  M.  cinnabareus  are  closely  allied 
to  this  organism.  They  are  not  motile,  and  do  not  liquefy  gelatine.  The 
cinnabareus  produces  a  pigment  with  the  colour  of  red  sealing-wax,  and 
the  carneus  a  pale  flesh-coloured  pigment. 

Micrococcus  flavus  liquefacibns.— G^eZa^me  plates.— Aitcv  forty- 
eight  hours  small  yellowish  colonies  are  seen  which  gradually  increase  and 
become  surrounded  by  a  circle  of  liquefaction ;  under  a  low  power  the 
centre  is  granular  and  yellowish-brown  in  colour,  and  sends  out  processes  to 
the  periphery  like  the  spokes  in  a  carriage  wheel.  Gelatine  stab  is  slowly 
liquefied,  so  that  on  the  seventh  day  a  funnel  containing  a  deposit  of  yellow 
piginent  appears  in  the  upper  part  of  tube.  Potato,  moist  growth  of  a 
yellow  colour.  Agar,  yellowish-coloured  growth.  Glucose  gelatine, 
110  gas  formation.  Milk,  unchanged.  Microsco^ncal  ap2:)earance.—'R{ithe,T 
large  non-motile  cocci,  sometimes  arranged  as  diplococci,  and  in  masses. 

Micrococcus  aquatilis.— G-eZa^me  plates.— The  surface  colonies  are 
circular,  with  a  narrow  homogeneous  marginal  zone  and  a  darker  centre  which 
strongly  resembles  a  section  of  a  liver  acinus.  The  deeper  colonies  under 
a  low  power  have  a  yellow  colour,  and  resemble  a  mulberrv  in  appearance. 
Lre(atz7ie  stab  and  agar,  a  white  growth  is  produced  which  is  not  cliarac- 
teristic.  Microscopical  appearance.— Yery  small  cocci  often  arranged  in 
irregular  heaps.  " 

Micrococcus  ^vtevh.- Gelatine  plates.— ¥orms  raised  sulpliur-yellow 
colonies  with  an  irregular  margin.  The  gelatine  is  not  liquefied.  Gelati^ie 
stab,  agar,  and  potato  show  tlie  same  yellow  growth.  Microscopical 
ajjpearance.  —  Rather  large  elliptical  cocci.  M.  aurantiacus  closely 
resembles  the  M.  luteus,  but  the  colour  produced  is  orange-yellow  instead 
of  sulphur-yellow. 

Group  IX.  comprises  the  Sarcina.    The  most  common  variety  ajipears 
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to  be  the  Sarcina  aurantiaca,  which  produces  small  round  yellow  colonies 
on  gelatine ;  later,  the  colonies  appear  granular  and  acquire  an  orange-gold 
colour.  The  gelatine  is  slowly  liquefied.  The  same  orange-gold  growth  is 
seen  on  agar  and  potato.  Microscopical  appearances. — Small  cocci,  generally 
arranged  "in  twos  and  fours,  and  in  packets.  The  S.  lutea  closely 
resembles  the  >S'.  aurantiaca,  only  the  cocci  are  much  larger. 

Group  X.  includes  the  water  spirilla.  The  most  important  organism  is 
the  Vibrio  aquatilis,  described  by  Giinther ;  it  was  found  in  the  Spree,  and 
in  water  which  had  been  used  for  washing  the  sand  in  the  water-works  at 
Altona.  Vibrio  aquatilis.— G^eZa^me  plates.— The  colonies  are  circular 
with  a  perfectly  smooth  and  regular  margin,  the  centre  is  darker  than  the 
periphery,  the  contents  are  granulai- ;  later,  when  liquefaction  commences 
the  edo-e  becomes  irregular  and  thin.  Gelatine  stab,  surface  growth  Uke 
the  colonies  ;  the  gelatine  becomes  liquefied  in  the  form  of  a  funnel.  Agar, 
white  smooth  growth.  Potato,  no  growth  at  22°  or  37°  C.  MM; 
not  coagulated  at  22°  C.  or  37°  C.  Peptone,  no  nitroso-indol  reaction. 
Broth  turbid,  after  several  days'  incubation.  Microscopical  appearances.— 
Small'  motUe  spirillum  strongly  resembling  the  S.  cholerce ;  it  has  one 
flao-ellum  The  organism  is  readily  distinguished  from  S.  cholerce  by  the 
absence  of  the  nitroso-indol  reaction  and  the  smooth  rim  of  the  surface 

colonies.  ,  .         ^    .       .  , 

Weibel  described  three  varieties  of  a  vibrio  producing  pigment,  varying 
in  colour  from  a  pure  gold  to  a  pale  yellow.  These  vibrios  are  much 
thicker  than  the  S.  cholerce.  Esmarch  discovered  the  S.  rubrum  which 
produces  a  wine-red  pigment  on  agar,  blood-serum,  and  gelatine,  and  also  m 
broth  It  is  larger  than  the  S.  cholera;,  and  often  forms  many  twists 
especially  when  grown  in  broth.  The  S.  volutans,  S.  serpens  S  tenm, ^nd 
S  undula  are  found  in  stagnant  water;  they  are  all  much  larger  than 
Koch's  vibrio  and  form  many  turns.  The  colonies  on  gelatine  are  very 
variable  and  do  not  resemble  those  produced  by  the  S.  cholerce. 

Group  XI.  includes  the  B.  ramosus  and  the  B.  mycmles. 

B  BAMOSUS  —This  organism  occurs  rather  frequently  m  surface  waters. 

The  colonies  appear  as  white  patches,  from  which  numerous  long 
processes  extend  in  every  direction.  The  gelatine  becomes  liquefied  after 
about  seventy-two  hours'  incubation.  Gelatine  stab  a  growth  occurs 
from  which  processes  extend  horizontally  into  the  gelatine;  later  lique- 
frcLn  occurs  at  the  surface.  Agar,  a  white,  rather  dry  growth,  from 
which  mould-like  processes  extend  at  the  edges.  Glucose  gdatme,  na 
fomation.  Peptone  water,  indol  not  produced.  MM,  not 
coaJS.  Nitrate  broth,  powerfully  reduced  to  nitrites  and  ammonia 
Z^X  r  dered  turbid;  a  deposit  forms  at  the  bottom,  and Jater  a 
peiul  appears  on  the  surface.  Potato,  a  white,  rather  dry  growth.  It 
is  a  lar^e  feebly  motile  bacillus  which  forms  spores.  _ 

V  Sc-oid..-  corresponds  almost  exactly  with  the  5  m  all  ite 

cultm'es.-^  The  processes,  however,  which  run  out  from  the  colonies  do  not 
appear  quite  so  long  as  those  of  ramosus  ;  and  on  potato  the  growth  is  not 

"  ^^S;up  Xn.  hTcludi;  tLmber  of  organisms  which  appear  to  be  closely 
related  "o  one  another.    The  type  which  has  been  found  most  commonly 
fi.o  fr.llnwin<r  rpactiou.    It  IS  called  the  n.  awus.  . 

„„4,L  exte..  Wangle 
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no  gas  formation.  Potato,  a  dirty  white  growth.  Nitrate  hroth, 
shght  reducing  action.  Peptone,  no  indol  produced.  Microscopical 
cliaracters.—K  small,  round-ended  bacillus,  often  in  pairs  and  looking  like 
a  diplococcus.    It  is  motile,  and  does  not  grow  well  at  37°  C 

This  organism  closely  resembles  the  B.  albus  of  Eisenbero-. 

The  B.  ubiguitus  of  Jordan  belongs  to  this  group,  but  differs  from  the 
type  by  coagulating  milk.  Another  organism  has  frequently  been  found 
which  resembles  the  type  in  most  of  its  cultures,  but  differs  from  it  by  grow- 
ing well  at  37°  C,  and  producing  gas  in  glucose-media. 


Class  II. 

Tliis  class  contains  the  micro-organisms  which  are  common  in  sewao-e 
but  are  rarely,  if  ever,  found  in  pure  water-supplies.    Many  of  them  are 
derived  from  the  intestinal  canal  of  human  beings  and  aiumals  ;  others  are 
associated  with  putrefactive  processes.    The  recognition  and  proper  inter- 
pretation of  these  organisms  is  a  matter  of  the  first  importance.    It  often 
happens  during  the  examination  of  water-supplies,  suspected  to  have  caused 
zymotic  disease,  that  chemical  analysis,  enumeration  of  micro-organisms,  and 
search  for  pathogenic  organisms  all  fail  to  give  any  sufficient  data  upon 
which  a  reliable  opinion  may  be  based  as  to  the  possibility  of  contamination. 
Under  these  conditions  the  detection  of  the  organisms  in  this  class  will 
either  enable  a  proper  decision  to  be  made  or  suggest  a  rigid  examination  of 
the  source  of  supply,  when  possibly  unsuspected  means  of  contamination 
will  be  discovered.    The  most  important  organism  in  this  class  is  the 
Bacillus  coll,  which  may  be  said  to  be  the  sheet-anchor  of  the  water 
bacteriologist.    Studies  of  sewage  and  normal  fseces,  however,  have  shown 
that  the  B.  coli  usually  described  in  the  text-books  is  the  type  of  a  laro-e 
group  containing  many  varieties ;  and  it  is  the  proper  interpretation  of 
these  varieties  which  causes  so  much  difficulty  at  the  present  day. 

The  Bacillus  coli  communis  is  usually  described  as  follows :  

Colonies  on  gelatine  plates.— In  the  depth  the  colonies  are  circular  or 
oval  in  shape  and  dark  brown  in  colour.    On  the  surface  after  twenty-four 
to  forty-eight  hours  they  appear  as  thin  bluish-gi-ey  transparent  films  with  an 
irregular  margm  ;  under  a  low  power  they  sometimes  resemble  flakes  of  glass 
with  faint  surface  markings,  but  more  commonly  they  appear  somewhat  opaque 
Avith  a  faint  yellowish-brown  colour  and  show  tracings  of  ridges  and  depres- 
sions running  from  the  centre  to  the  periphery ;  at  times  wavy  lines  paraUel 
to  the  margin  are  seen.    The  gelatine  is  not  liquefied.    Gelatine  stab.— On 
tlie  surface  an  expansion  appears  like  the  colonies  just  described  ;  alon"  the 
stab  there  is  white  growth.     Agar,  thick  white  growth.  Potato.— As  a 
rule  a  thick  brownish-yellow  growth  is  produced ;  occasionally  the  growth  is 
an  almost  transparent  film  like  that  of  B.  typhosus.     Milk,  generally 
coagulated  in  twenty-four  to  forty-eight  liours  at  37°  C. ;  the  whey  is  markedly 
acid.    Grlucose  gelatine,  abundant  gas  formation  in  twenty-four  hours  at  22°C 
Peptone  and  salt  sohition.— Indol  reaction  always  given  after  seven  days  at 
iJ7  0. ;  very  often  the  reaction  is  obtained  after  forty-eight  hours  Broth 
rendered  turbid  in  twenty-four  hours  at  37°C.;  later,  a  slight  film  forms  on  the 
surface.    Gelatine  (25  per  cent.).— At  37°C.  a  distinct  white  thick  fihn  appears 
on  the  surface.    Microscopical  characters.— It  usually  appears  as  a  very  short 
bacillus,  often  strongly  resembling  a  coccus,  but  longer  forms  are  often  seen 
m  old  cultures.    As  regards  motility  it  varies  considerably  ;  sometimes  it  is 
almost  motionless,  at  other  times  it  appears  to  be  as  motile  as  tlie  B.  typhosus. 
As  a  rule  it  possesses  from  .one  to  three,  flagella,  which  are  very  brittle  and 
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difficult  to  stain ;  occasionally  eiglit  to  twelve  flagella  are  present.    It  does 
not  form  spores.    (Plate  V.,  figs.  13,  and  4.)         .    .  ,.       .  ^ 

The  above  description  gives  the  chief  characteristics  of  the  typical 
Badllus  coli-  hut  when  studies  are  made  of  sewage  and  normal  stools 
fei  vfd  from  human  beings,  many  varieties  are  ^  which  do  no  c^^^^^^^^^^^ 
in  everv  respect  to  the  type.    The  most  common  varieties  are  as  follows  .- 
(a   The  colonies  exactly  resemble  the  type,  but  no  mdol  reac  ion  s 
civen  •  milk  is  coagidated  and  gas  produced  m  glucose  gelatine.    (6)  The 
clnies^  e  typical  ;  indol  and  gas  are  produced,  but  milk  is  not  coagulated, 
c   S    cobn'ies  are  typical,  and  gas  is  produced  but  indol  is  not  oi-m  d 
and  milk  is  not  coagulated.     {d)  The  colomes  are   typical   l^^t  there 
is  no  coac^alation  of  milk,  formation  of  indol,  nor  production  of  gas 
Varieties   (at    (6),    and  (c)  are   more   numerous  m   sewage  than  the 
tvoTcal  i?  coli     What  interpretation  is  to  be  placed  on  the  presence  of 
the  e  varietTes  of  B.  coZi  in  water?    Are  they  to  be  considered  as  neces- 
sarTly  IiTcating  sewage  pollution,  the  changes  observed  being  a  ributed 
to  the  influence  of  unfavourable  conditions  on  the  typical  B    M  It 
s  well  mown  that  a  typical  B.  coli  preserved  on  various  m^dia  ni  the 

made  with  tlie  seium  oi  ^  ^      ^^^^^  immunised  with 

to  each  race  being  quite  distinct.    Ihe  ^em^  ^^^^^.^^^ 

^'^^"1uttw^ther  tfpLf  Lr  isoMed  from  a  different  source.  If 
above,  but  also  anotiier  typi  numbers  in  a  water,  the  supply 

the  typical,  i?.  coU  is  fo^^^^  m  ^^^l^^'^  ^  ^^^^^^  ^^^^^  considered 
must  have  been  polluted  with  ^^^S^/"^  [''1^  (j)  are  found 

unfit  for  drinking  purposes.    Also       yj"«ties  g^^f^^^^^^^  ^i,, 

varieties  (c)  and  ((^)  he  question^  apparently  above  suspicion, 

been  constantly  found  m  wate  s  ^  ^      -^^  ^^^^3,     lifted  by 

But  at  the  sa^ne  time   ^^^y  ^^^^.^cted  the  bui^^^  of  the  supply 

sewage.    If  tl^ese  varieties  are  de^^^^^^^^     ^e  -         .^^  ,,,, 

shows  the  water^o  be  pure,  the 

water  may  be  passed  as  ^^^^^^f^^^^S^'caM^^  the  BacteriumtMo- 
The  Bacterium  lact>s  ^^'^^   'l^}^^^^^        also  isolated  from  faeces  and 
eideura,  and  the  ^acUlus  Neap^^^^^^^^^       ^VS^artis  aerogenes  coagulates 
appear  to  be  closely  alhed  t^  ^^^^f^"^  ^ise  to  gas  in  glucose  media, 

milk,  produces  mdol  in  P^l  which  is^-aised\p  into  bullae 

On  potato  It  produces  a  thick  yeUo^^^^^^^  organism  closely 

by  the  development  of  gas     -^^  f  ?^^^f  L     y,^^^  found.    A  culture  of  the 

resembling  the  B  lacUs  ^erog^"f' ^e  llZnng  cultural  reactions.  The 
B.  ca^;^■c^V^«from  Wslabomtory  gave  t^^^^^  .  ^^^^^  ^^^^^^^^ 

colonies  on  gelatine  appeared  tJ^J^^^^^^^^^^^^^^  to  the  centre  of  the 

they  had  been  budt  up  potato  resembled  the  cultures 
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the  DoTnfoTSr''''/''™  ORGANISM  discovered  by  Klein  is  important  from 
ri  J7r^  ,    'T""^'  contammation.    Klein  found  it  in  about  30  per 

on  iliinrnlT^  of  sewage  wluch  he  examined.  The  surface  colonies 
on  gelatine  plates  are  white  m  colour,  with  a  slightly  irregular  margin  •  the 

/    Sro'^^^^^Weavs  fi-om  which  short  processes  extend  laterally 

medh  ""t  r       H    °  '  S^re  rise  to  gas  in  glucose 

media.  It  is  a  rather  large  baciUus  with  numerous  long  flao-ella  and 
appears  to  be  non-motile.  ^  lici^Biid,  ana 

seJ^eh^tZT]  FiLAHEXTOsus  (Klein)  has  been  found  occasionally  in 
sewage,  but  not  elsewhere.  In  gelatine  plates  it  forms  colonies  composed 
of  long  threads  which  run  all  over  the  plate  like  a  mould.  In  gX  ne 
?tab  and  streak  a  feathery  growth  is  produced,  foUowed  by  liquefact  on 
It  is  a  large  non-motile  bacillus,  and  forms  spores  nqueiaction. 
Members  of  the  Frofeus  group  are  often  found  in  sewage,  but  are  verv 

TfounraL^^f  rV  y  «  ""I-  r^''^'^''^  '"^^'^''^  sewage^'on?am?natioZ 
has  been  nniw  ?  T/'^      ''^\^^''^     ^^^7  little  doubt  that  the  water 

Protkus  vulgaris.— G^eZa^me plates.~T\i&  young  colonies  are  vpllnwi^}. 

er^fXtoT        '^^'^K'^r''       gelatinl''&"C  fe'" 
edge  of  the  colony  is  seen  to  be  set  with  fine  bristles  wliich  annear  to  be 
continued  into  the  centre  of  the  colony.    From  the  edge  Imerou  wander 
re'sSn  tHi  ^1-  ''^l  ^^'^  ^  these  Vocesses'he  bacTl  i 

LLnd  a  da'rl  W  ^         ^''f'       ^^'^'^  ^^^e  and  form  circles 

raS  Lttd  •  Si'^b  gelatine, 

Pevione  no  iT./nl  growth.      We  gelatine,   no   gas  formation. 

^^Ptone,  no  mdol  produced.    Broth,  uniformly  turbid.    Milk  unchancred 

greatly  rn\ng^^^^^^^^^^ 

and^oTt'ffp'fr''"'''"^'^''^'''''  i^^a^e..-The  surface  colonies  are  white, 
dL™ewh7£^  ^Tr"''  ''''f^'^  «°  that  the  whole 

ZooZnT  ^«««"iWes  a  mould;  the  gelatine  is  very  slowly  liquefied 

^^t^nlZ"'"  '''f  ""V^}'  ^«Pth,  but  they  we?e  very 

growth  l^tl  SpT  ^'""^         '  laboratory,  Aite  surface 

hair  Hke  WchpT  n?  7Tl^  *°  ^"^^"^  ^  '-^^^^  '^'^  '^^^  ™erous 
-Alon'  t he  sfcro.r  I  l^^^^o^^tally  into  the  gelatine.  Gelatine  streak. 
out  rSoth  sic  ^^^^^  growth  appears  from  which  fine  processes  run 

a  wSte  Iw  r     pf  f         '^.^^'^  Sclatine,  just  like  a  feather.  Agar, 
Pep  one  no  7nL  .        ''i  ^^^^^^^^^l- ^^^l"te  growth.     Milk,  unchanged 
VAaractr   ^  a  T^'    1^'"'^'^  ^'"^f"'^       ^as  formation. 

fori.':p::::."^^^,ii;l^^^^^^^^^^^  ^ 

batirnfoZ  j;'.^^^'"f— colonies,  after  twenty-four  hours' incu- 
■be  Z;sTeJ^^  n       t  '^^P^-'^.^^^^^^ith  gi-anular  contents  ;  later,  the  margin 
sSil  ovS  h'  processes  pass  out  in  all  directions,  slowly 

med7!  ^         ^t^'^'V  "'^"-^"''^  commonly  seen.    In  othlv 

Tlcnl    T  -^  ""'T^^''     f  ^'^T-    ^'^^^^^^-VicaUy  it  generally  resembles 
a  coccus,  at  times,  however,  long  tlireads  and  involution  forms  are  seen 
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The  B.  megattrmm  described  by  De  Bary  is  constantly  found  in  sewage. 
It  has  been  isolated  from  water-suppUes  derived  from  polluted  upland  surfaces, 
and  its  presence  should  be  regarded  with  suspicion.  The  gathering  grounds 
of  water-supplies  containing  this  organism  should  be  most  carefully  inspected. 

BACiLLUis  MEGATERiUM. — Gelatine  plates.— ThQ  surface  colonies  appear 
as  circular  white  masses  with  a  "woolly"  margin;  later  they  seem  depressed 
in  the  gelatine,  owing  to  hquefaction ;  under  a  low  power  the  surface  colonies 
show  a  dark  granular  centre  surrounded  by  circular  hues,  from  which  fine 
branching  processes  pass  off  at  the  margin.  Agar,  a  thick  white  growth 
with  a  slightly  feathery  margin.  Poiato,  a  raised  white  granular  gi-owth. 
Milk,  coagulated  and  then  partiaUy  digested.  Gelatine,  Uquefied  in  the 
form' of  a  funnel.  Glucose  gelatine,  no  gas  formation.  Peptone  water,  no 
indol  produced.  Nitrate  broth,  large  quantities  of  ammonia  produced 
Microscopical  characters.— A  fat  bacillus  often  curved  ;  it  forms  spores  and 
possesses  a  slow  waggHng  movement.    (Plate  IV.,  figs.  5  and  6.) 

The  Bacillus  laotis  cyanogenus  has  been  found  frequently  in  sewage 
by  Jordan.  Its  indications  are  the  same  as  the  B.  megaterium.  Gelatine 
plates  —At  first  the  colonies  are  white,  circular  opaque  masses ;  later  the 
colour  changes  to  an  iron-grey  and  the  surrounding  gelatine  acquires  a  deep 
blue  colour.  The  gelatine  is  not  Uquefied.  Stab  gelatine,  white  growth  on 
the  surface  and  along  the  stab;  the  gelatine  acquires  a  steel-blue  colour, 
which  later  becomes  almost  black.  Agar,  greyish-white  growth ;  the  agar 
acquires  a  steel-blue  colour,  which  later  changes  to  a  dark  brown  colour. 
Bivth  diffused  growth;  a  pellicle  forms  on  the  surface  and  the  brotli 
acquires  a  blue  colour.  Glucose  gelatine,  no  gas  formation.  MtlJc  ym- 
sterilised ;  acquires  a  blue  colour ;  steriUsed  milk  shows  no  change  Micro- 
scopical characters.— Thin  motile  bacillus ;  forms  spores  at  the  end  of  the  rod. 

The  Bacillus  bnteritidis  sporogbnes,  isolated  by  Klem,  is  now  con- 
sidered to  be  of  considerable  importance  as  an  indication  of  sewage  contamina- 
tion It  has  a  wide  distribution  in  nature,  and  has  been  found  m  the 
evacuations  of  cases  of  diarrhoea,  in  sewage,  water,  soil,  dust  polluted  witli 
sewage,  and  horses'  dung.  Klein  states  that  most  sewage  contains  on  an 
averacre  about  500  to  600  spores  of  this  organism  per  cubic_  centimetre 
This  orcranism  has  been  so  constantly  found  in  sewage,  that  it  is  considered 
to  rank^next  after  the  B.  coli  as  an  indication  of  sewage  contamination. 

The  B  enterilidis  sporoyenes  is  an  anaerobic  organism  and  best  isolated 
according  to  Klein's  method,  which  is  as  follows  :— "  A  small  portion  of  any 
material  suspected  to  contain  the  organism  is  placed  in  a       ^ube  ^^^f  j^^^^^^^ 
15  c.c.  of  recently  (within  forty-eight  hours)  stenlised  milk  ;  this  is  heated 
to  80°  C  for  ten  to  fifteen  minutes  and  then  cooled.    The  milk  tube  is  next 
placed  in  a  large  cylindrical  test-tube  (Buchner's  cylinder)  containing  about 
?20  lins  of  pyrogallic  acid ;  about  5  to  10  c.c.  of  strong  hquor  potass^ 
are  Sed  and  the  Buchner  test-tube  closed  as  quickly  as  possible  with  a 
well  fitt  ng  india-rubber  stopper,  which  is  then  sealed  with      ted  parafti. 
?he  whole  apparatus  incubated  at  37°  C. ;  next  day,  or  at  latest  after  thirty 
to  thV^ix^  hours,  the  milk  will  be  found  changed  m  a  charaetens^^^^^^ 
manner     The  cream  is  torn  or  altogether  dissociated  by  the  development 
of  gas,  so  that  the  surface  of  the  medium  is  covered  with  f  "^f^^.P  [^^^^^ 
whfte  masses  of  coagulated  casein  enclosing  a  number  of         ^  ^^^^  ^^^^^^^ 
meanwhile  the  main  portion  of  the  tube  formerly  occupied  by  the  ""J  ;  "^^^ 
Contains  a  colourless  thin  watery  whey,  with  a  few  casein  1^"^^;^  adh^^^^^^^^^ 
.  here  and  there  to  the  sides  of  the  tube.    linden  the  microscope  ^^j}^^]^'^ 
found  to  contain  numerous  rods,  some  motile,  others  J;.  ^  ^he 

B  hulyrirus  of  Botkin  produces  the  same  appearances,  and  to  distmgui.h 
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between  the  two  organisms  it  is  necessary  to  resort  to  an  animal  experiment. 
The  bacillus  of  Botkin  is  not  pathogenic,  but. if  1  c.c.  of  the  whey  produced 
by  the  B.  enteritidis  sporogenes  be  injected  into  the  groin  of  a  guinea-pio- 
weighing  from  200  to  300  grammes,  swelling  appears  in  the  groin  after  six 
hours,  which  gradually  extends  on  to  the  abdomen  and  thigh ;  usually  the 
animal  is  found  dead  after  eighteen  to  twenty-four  hours.    The  skin  will  then 
be  found  separated  from  the  muscles  over  a  considerable  area  and  the  subcu- 
taneous tissue  gangrenous,  containing  an  offensive  sanguineous  exudation.  If 
the  examination  is  made  immediately  after  death  the  exudation  will  be 
found  to  contain  numerous  cylindrical  bacilli  about  three  times  as  long  as 
broad.    If  the  examination  is  deferred  for  twenty-four  hours,  oval  or  large 
egg-shaped  spores  will  be  detected  both  free  in  the  fluid  and  also  at 
the  end  of  the  baciUi.    The  B.  enteritidis  sporogenes  stains  with  Gram 
and  grows  weU  in  blood  serum,  and  in  glucose  agar  produces  copious  gas 
bubbles  under  anaerobic  conditions.    On  glucose-formate  agar  it  produces 
colonies  which  are  circular,  flat,  moist  and  translucent ;  under  a  low  power 
they  appear  granular  and  thicker  in  the  centre  than  at  the  periphery. 
When  spores  are  planted  in  grape-sugar  gelatine,  which  is  then  heated  to 
80°  C.  for  ten  to  fifteen  minutes  and  afterwards  cooled,  sealed  and  incubated  at 
22°  C,  fine  dot-like  colonies  appear  in  the  lower  part  of  the  tube,  which  after 
forty-eight  hours  form  spherical  liquefied  masses  of  gelatine.    If  bacilli  free 
from  spores  are  planted  in  glucose  gelatine,  the  colonies  appear  non-liquefy- 
mg  or  hquefy  very  late  and  slowly.    Atypical  milk  cultures  are  sometimes 
seen ;  no  change  is  observed  in  the  milk  until  the  third  or  fourth  day,  when 
under  the  unchanged  cream  the  milk  begins  to  clear,  and  at  the  end  of  a 
week  or  ten  days  there  is  seen  a  layer  of  unchanged  cream,  below  which  is 
a  straw-coloured  fluid  containing  a  mass  of  casein  at  the  bottom.    Such  an 
atypical  milk  culture  has  an  alkaline  reaction  and  contains  numerous  bacilli, 
many  of  which  have  near  one  end  a  bright  oval  spore.    The  clear  whey  has 
no  pathogenic  action.    (Plate  IV.,  figs.  1  and  2.) 

The  Bacillus  actdi  lactici  has  been  found  in  water  by  Adametz 
and  Tils.  It  should  be  classed  with  the  Proteus  species  and  the  B. 
lactts  cyanogenus,  as  indicating  the  necessity  for  a  careful  examination  of 
the  gathering  grounds  and  the  means  of  storage  of  the  supply.  It  has  the 
following  characteristics.  Gelatine  plates.— T}xq  surface  colonies  appear  as 
circular  white  masses  with  a  slightly  irregular  margin;  after  a  few  days 
thm  almost  leaf -like  expansions  grow  out  from  the  margin.  The  gelatine  is 
not  liquefied.  Stab  gelatine.—Them  is  a  white  growth  along  the  stab,  and 
on  the  surface  the  same  appearance  as  a  colony.  Peptone  and  salt,  marked- 
indol  reaction.  Glucose  gelatine,  marked  gas  formation  in  twenty-four 
Hours,  mif,  coagulated  in  twenty-four  hours  at  37°  C.  Agar,  a  "thick 
white  adhesive  growth.  Potato,  thick  yellowish  growth.  Nitrate  broth, 
largely  reduced  to  nitrous  acid.  Broth,  diffuse  growth ;  a  slight  surface 
pellicle  appears  in  twenty-four  hours.  Microscopical  characters.— A  small 
bacillus,  often  m  pairs,  not  motile,  forms  spores. 

Ihe  Bacillus  ure^  has  been  frequently  found  in  water  by  Tils  and 
i^ustig.  Gelatine  plates.— The  surface  colonies  form  small  transparent 
finely  granular  films  with  an  irregular  margin,  somewhat  resembling  the 
colonies  of  B.  typhosus.  Gelatine  stab,  a  surface  growth  like  the  colonics  ; 
there  IS  also  a  fine  growth  along  the  stab.  Glucose  gelatine,  no  gas  is  pro- 
duced. Milh,  unchanged.  Potato  and  agar,  a  white  growtli  which  is  not 
characteristic.  Broth,  a  diffused  growth  appears  and  a  deposit  forms  at  the 
bottom  of  the  tube.  Microscopical  characters.— A  small  motile  bacillus.  It 
converts  urea  into  ammonium  carbonate. 
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The  Bacillus  liquefachsns  (Sewage  Variety).  This  organism  is  con- 
stantly found  in  sewage,  and  differs  from  the  varieties  found  in  pure  waters 
by  its  power  of  producing  gas,  &c.    It  has  the  following  characteristics. 

Gelatine  plates. — The  surface  colonies  appear  as  delicate  fihns,  which  m 
forty-eight  hours  produce  circular  cups  of  liquefaction  in  the  gelatine  con- 
taining greyish-white  masses.  Gelatine  stab.— The.  gelatine  is  rapidly 
liquefied  in  the  form  of  a  funnel  containing  a  greyish-white  deposit  at  the 
bottom ;  bubbles  of  gas  are  often  seen  rising  to  the  surface.  Glucose  gelatine, 
abundant  gas  formation.  Agar,  a  smooth  greyish-white  layer.  Potato,  a 
tTOwth  appears  which  varies  in  colour  from  a  light  yellow  to  a  brownish 
red  Broth,  rendered  turbid.  Milk,  coagulated  in  from  twenty-four  hours 
to  four  days  ;  the  casein  is  often  quickly  digested,  so  that  the  tube  appears 
clear.  Nitrate  broth,  powerfully  reduced  to  nitrites  and  ammonia.  Peptme 
water,  no  formation  of  indol.  Microscopical  characters.— A  smaU  highly 
motile  baciUus,  often  in  pairs ;  no  spores  present.  It  grows  weU  at  37  O. 
and  in  broth  containing  0-05  per  cent,  carbolic  acid. 

The  Bacillus  cloacon,  described  by  Jordan  as  one  of  the  most  common 
bacteria  in  the  Lawrence  sewage,  appears  to  be  closely  aUied  to  the 
B.  liquefaeiens  just  described.  Jordan,  in  his  description  of  the  B.  cloaca;, 
does  not  state  whether  it  produces  gas  in  glucose-media  also  the  rate  ot 
liquefaction  seems  to  be  much  slower  than  the  B.  liquefaeiens.  _ 

The  "Sewage  Proteus"  described  by  Houston  corresponds  in  nearly 
every  detail  with  the  B.  liquefaeiens.  The  name,  however,  is  very  un- 
fortunate, as  the  organism  does  not  in  any  way  resemble  the  Proteus 

^^^T  water  which  contains  the  sewage  variety  of  the  B.  Iiquefacie7is  should 
be  looked  upon  with  considerable  suspicion.  The  gathering  grounds  and 
ijieans  of  storage  should  be  most  carefully  examined. 

Class  III. 

The  most  important  of  all  the  micro-organisms  which  appear  in  water 
are  those  which  produce  specific  disease  in  human  beings.  It  is  not 
absolutely  disproved  that  the  causes  of  most  infectious  diseases  may  not 
appear  in  water  ;  but  at  present  it  is  exceedingly  difticult  to  show  he 
presence  of  any  of  them  except  the  spiriUum  of  cholera  and  perhaps  the 

B.  ^I^^^Jacillus  typhosus  was  first  isolated  by  Eberth  and  more  fully 
investigated  by  Gaffky  (Plate  V.,  fig.  2).   Its  -characteristics  ai-e  as  fo  low^^^^ 
Gelatine  plates.-The  surface  colonies  appear  as  thin  blu  sh  fi  ms  a  ith 
an  irrec^ular  margin ;  under  a  low  power  markings  are  seen  which  look  hke 

■idges  and  valleys  running  irregularly ■  from  the  centre  to  the  periphery; 

ometimes  the  markings  are  ver/faiut  and  the  colony  resenib  es  a  thin  fin 
of  4ss.    The  colonie's  in  the  depth  of  the  gelatine  are  granular  and  round 
or  oval  in  shape.    The  colonies,  as  a  rule,  grow  slowly,  requiring  from 
seventy-two  to  Lety-six  hours'  incubation  before  they  show  their  character- 

^^^^S=-Sn^^^^^^r^^^^s  like  the  sui^ace  copies; 
along  the  stab  there  is  a  fine  growth  consisting  of  discrete  white  masses. 

G^tine  slope.-A  thin  white  narrow  growth  develops  a  ong  the  line  of 
inoculation  •  the  margin  is  slightly  irregular,  but  not  so  markedly  crenate  as 
tre  cor  e  ponding  growth  of  B.  coti.  Agar,  a  wliite  sniooth  growth. 
PolL  rsmooth  llistening  film  develops,  which  is  often  c  ilhcu  t  to  recog- 
Se  with  the  naked  eye.°  Lactose  gelafine.-Thero  is  no  formation  of  gas 


Pla.te  7 


MfesLiNewma-nlith  , 


QUALITATIVE  BACTERIOLOGICAL  EXAMINATION. 


119 


in  lactose  media,  but  glucose  gelatine  is  said  to  be  sometimes  fermented. 
Peptone  and  salt  solution. — After  seven  days'  incubation  at  37°  C.  there 
is  no  formation  of  indol.    Milk,  unchanged  to  the  naked  eye ;  but  when 

tested  with  —  alkaline  solution  a  slight  increase  of  acidity  is  found,  usually 

equalling  not  more  than  6  c.c.  of  ^  alkali  per  cent.    i?roit/i,  diffused  growth 

appears,  and  aftera  few  days  animperfectpellicleformsonthesurface.  Lactose 
hroth,  there  is  no  gas  formation.  Gelatine  (25  per  cent.). — -No  film  appears  on 
the  surface,  but  a  diffused  growth  tlirough  the  tube  after  incubation  at  37°  C. 

Microscopical  characters. — A  bacillus  about  three  to  four  ji  long  and 
1  /i  broad,  highly  motile,  with  a  quick  serpentine  movement.  It  does  not 
form  spores  nor  stain  with  Gram.  It  grows  best  at  37°  C,  but  will  not 
develop  at  0°  C.  Injected  intravenously  and  subcutaneously  into  guinea- 
pigs,  it  usually  causes  death,  but  the  results  obtained  are  uncertain. 

Flagella. — The  B.  typliosus  possesses  from  eight  to  twelve  long  wavy 
flagella  disposed  all  round  the  bacillus. 

Spore-formation. — The  B.  typliosus  does  not  form  spores.  It  is  destroyed 
when  the  cultures  are  heated  to  a  temperature  of  65°  C.  for  ten  minutes. 

Reaction  tuith  Anfi-typlioid  Senm. — When  serum  from  an  animal, 
immunised  by  injections  of  B.  typhosus,  is  mixed  with  a  broth  culture  of 
B.  typhosus  or  an  emulsion  in  broth  of  a  twenty-four  hours'  growth  on  agar, 
it  is  found  that  the  bacilli  become  immobilised  and  heaped  together  in 
motionless  masses,  or,  in  other  words,  "agglutinated."    This  reaction  is  now 
considered  to  be  of  the  first  importance  in  diagnosing  the  B.  typ)hosus  from 
other  organisms.    There  are,  however,  many  sources  of  error  in  the  perform- 
ance of  the  test.    The  serum  from  normal  animals  produces  the  same  re- 
action, not  only  with  the  B.  typhosus,  but  also  with  other  micro-organisms. 
Widal  states  (1)  that  the  serum  from  a  horse,  monkey,  or  rabbit,  diluted 
from  1  in  30  to  1  in  50,  agglutinates  the  B.  typhosus ;  (2)  that  the  serum  of 
a  gumea-pig  has  usually  no  action,  but  exceptionally  it  shows  an  agglutinative 
action  in  a  dilution  of  1  in  5;  (3)  that  normal  human  serum  diluted  1  in  10, 
agglutmates  not  only  the  B.  typhosus  but  also  the  B.  coli.    So  it  is  obvious 
that  to  bring  out  the  specific  reaction  it  is  necessary  to  dilute  the  serum 
from  the  immunised  animal.    This  opens  up  the  difficult  question  as  to 
what  ddution  is  necessary  to  prove  the  specific  action.    Possibly  a  dilution 
of  1  in  100,  recommended  by  many  bacteriologists,  Avould  obviate  the  fallacy 
introduced  by  the  agglutinative  action  of  a  normal  serum,  whether  from 
human  beings  or  animals,  but  not  the  fallacy  arising  from  the  action  of  th'e 
serum  of  immunised  animals  on  micro-organisms  closely  allied  to  the 
B.  typhosus.    Varieties  of  B.  coli  derived  from  sewage  and  typhoid  stools 
are  agglutinated  by  typhoid  serum  diluted  considerably  above  1  in  100. 
At  JNetley  varieties  of  B.  colihaYe  been  frequently  isolated  from  sewage  which 
were  agglutinated  by  typhoid  serum  diluted  1  in  200.    Now  it  has  been  found 
that  true  cultures  of  the  B.  typhosus  derived  from  difFerent  sources  all 
agglutinate  with  a  serum  prepared  by  immunising  an  animal  with  any  one 
of  the  cultures,  but  the  extent  to  which  the  scrum  can  be  diluted  depends 
on  the  virulence  of  the  culture  used  for  the  experiments.    If  the  culture 
used  for  the  immunisation  process  has  little  or  no  virulence,  it  may  be  found 
that  the  serum  so  prepared  cannot  be  diluted  as  much  as  1  in  200  and  still 
agglutinate  a  virulent  B.  typhosus.    Beco,  working  with  a  powerful  serum, 
showed  that  some  cultures  of  B.  typhosus  derived  from  typhoid  stools  were 
agglutinated  by  the  serum  in  a  ddution  of  1  in  10,000,  'wliilst  others,  also 
obtained  from  typhoid  stools,  were  agglutinated  by  the  serum  in  a  dilution 
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of  1  in  100,000.    But  lie  also  found  varieties  of  B.  coli  derived  from 
sewage  and  typhoid  stools,  which  were  agglutinated  by  the  typhoid  serum 
diluted  1  in  "lO,000.    These  experiments  corroborate  what  has  been  stated 
above,  viz.,  that  when  working  with  a  typhoid  serum,  the  greatest  ddution 
producing  agglutination  of  a  probably  virulent  specimen  of  the  B.  typhosus 
may  be  the  same  as  that  which  agglutinates  varieties  of  B.  coh  derived  from 
sewao-e.    It  is  now  clear  that  the  correct  interpretation  of  the  results  of  the 
acrtrlutination  test  is  by  no  means  an  easy  matter.    It  may  be  at  once  stated 
that  a  bacillus  which  fails  to  agglutinate  with  typhoid  serum,  is  certainly 
not  the  B.  typhosus ;  but,  on  the  other  hand,  it  does  not  follow  that  a 
bacillus  which  conforms  to  the  agglutination  test  must  of  necessity  be  the 
B  typhosus.    The  only  way  to  arrive  at  a  correct  result  is  to  use  a  serum 
prepared  by  immunising  an  animal  with  a  virulent  culture  of  the  5.  typhosus 
and  then  to  test  the  suspected  organism  with  it,  putting  up  at  the  same 
time  a  pure  culture  of  B.  typhosus  in  the  same  dilutions.    It  is  unlikely 
that  a  culture  of  B.  typhosus,  isolated  from  sewage,  wiU  have  a  greater 
virulence  than  one  directly  isolated  from  a  fatal  case  of  enteric  fever ;  and 
supposing  that  the  sewage  culture  still  retained  its  virulence,  it  should  be 
acrcrlutinated  by  the  strong  serum  in  as  high  a  dilution  as  the  true  B. 
typhosus.    In  this  way  the  error  introduced  by  a  weak  serum  operating  on 
a  virulent  organism  will  be  removed.  ,   ,  ,  .  .i,. 

Several  methods  have  been   suggested  for  the  perfoi-mance  of  the 
'agglutination  test.    Widal  suggested  the  foUowing  procedures  for  testing 
an^iuiknown  serum  with  the  B.  typhosus :— 

(a)  Mix  the  serum  with  sterile  broth  in  the  required  proportions,  then 
inoculate  the  mixture  with  the  B.  typhosus  and  incubate  at  -^^  ^-^l^' 
four  to  seven  hours  granular  masses  appear  and  at  the  end  of  twenty-four 
hours,  the  bacilli  are  usually  found  in  little  white  heaps  at  the  bottom 
of  the  tube  and  the  broth  appears  nearly  clear.  .  f^„, 

Ih)  Add  the  serum  in  the  required  proportion  to  a  twenty-four  hours 
broth  culture  of  B.  typhosus  and  incubate  at  37°  C  After  several  hours  he 
culture  loses  its  uniform  opacity,  granular  masses  appear,  and  finally  the 
'broth  clears  by  precipitation  of  the  masses  to  the  bottom  of  the  tube. 

c)  Add  the  serum  in  the  required  proportion  to  a  twenty-four  hours  broth 
cultSe  or  an  agar  culture  made  into  an  emulsion  with  broth,  and  examine 
Jn  a  iLging-drop.  This  is  caUed  the  rapid  method  as  compared  with  the 
two  former  which  are  slow  methods.  i 

(S^^^  Wr  Xt  has  introduced  a  method  of  making  the  dilutions  by  means 
of  cda  s  caXry  pipettes.  Normal  salt  solution  is  used  to  cblute  the  serum, 
aLl  rtWySour^iours'  agar  growth  of  B.  typhosus  is  made  into  an.emulsion 
wi  h  normal  salt  solution."  The  dilutions  of  serum  thorough  y  -^^^^^'^ 
an  equal  volume  of  emulsion  (which,  of  course  doubles  the  dilution  ot 
serum  alreldy  prepared),  are  placed  in  the  capillary  ppet  es,  which  are 
then  sealed  at  one  end  and  kept  at  the  room  tempemtu  re  for  twenty-four 
ouL  When  agglutination  is  complete  »  the  bacdh  are  found  as  a  fiim 
sharp  y  outhned  mass  at  the  bottom  of  the  pipette;  if  l-;-.^'-' "Sgl-tm^^^ 
?  on  is  "incomi.lete,"  granular  masses  are  seen  throughout  the  tube.  _i  e 
ZeavaZTmnst  always  be  compared  with  a  control  tube  contain  g 
onrthe  emulsion,  which  lias  been  left  at  the  room  temperature  for  the  same 

^'"^  Wri^^ht's  method  of   making  the  dilutions  is  admirable,  but  it  ^ 
often   ound  that  when  common  salt  is  used  to  -i'J;  ^^^^^^^^^^^^ 
also  to  dilute  the  serum,  the  sharpness  or  sensibility  of  the  leaction 
much  dhninished.    The  method  recommended  is  as  foUows :- 
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Place  a  little  of  the  anti-typhoid  serum  in  a  watch-glass,  insert  the 
point  of  a  capillary  tube  in  the  fluid,  and  allow  this  to  run  up  the  tube 
for  about  an  inch  and  a  half ;  now  mark  on  the  glass,  with  a  wax  jjencil, 
the  upper  limit  of  the  fluid,  and  then  blow  out  the  serum  into  a  watch- 
glass.  If  the  serum  is  to  be  diluted  1  in  5,  the  point  of  the  pipette  is 
inserted  into  a  little  sterile  broth,  contained  in  a  watch-glass,  and  the 
broth  is  allowed  to  run  up  to  the  mark  on  the  tube.  The  broth  is  now 
blown  out  into  the  watch-glass  containing  the  serum,  and  three  other  equal 
quantities  of  broth,  obtained  in  the  same  manner,  having  been  added,  the 
broth  and  serum  are  thoroughly  mixed.  In  order  to  mix  the  culture  with 
the  diluted  serum,  a  Uttle  of  a  twenty-four  hours'  broth  culture  of  the 
suspected  organism  is  now  poured  into  a  clean  watch-glass,  and  the  pipette 
having  been  inserted,  the  culture  is  allowed  to  run  up  the  tube  until  a 
column  of  any  desired  length,  usually  one-third  of  the  tube,  is  obtained. 
The  upper  limit  is  marked  as  before,  and  the  culture  is  then  blown  out 
into  a  clean  watch-glass  ;  a  colimin  of  fluid  of  equal  length  obtained  by  the 
.same  pipette  from  the  diluted  serum  is  now  added,  and  the  whole  thoroughly 
mixed.  In  this  way  a  mixture  of  serum  and  culture  is  obtained  and  the 
serum  is  diluted  1  in  10.  The  mixture  of  serum  and  culture  is  finally 
drawn  up  into  the  pipette  until  it  is  about  half  filled;  the  point  is  then 
rapidly  sealed  in  the  Bunsen  flame  and  the  tube  preserved  at  the  laboratory 
temperature  for  observation  at  the  end  of  twenty-four  hours.  A  portion 
'  of  the  mixed  serum  and  culture  should  also  be  put  up  in  a  hanging-drop 
and  the  result  observed  at  the  end  of  two  hours.  The  hanging-drop  may 
be  preserved  for  examination  at  the  end  of  twenty-four  hours,  but  very 
often  the  agglutinated  masses  wiU  then  be  found  to  have  settled  at  the 
bottom  of  the  drop,  and  accurate  observation  of  the  result  is  rendered 
extremely  difficult.  Instead  of  a  broth  culture,  a  twenty-four  hours'  agar 
growth  may  be  used,  the  culture  being  scraped  off"  and  made  into  an 
-emulsion  with  broth.  Any  desired  dilution  of  the  anti-typhoid  serum  ca^i 
1)6  rapidly  made  in  the  same  manner ;  thus  if  to  a  portion  of  the  1  in  5 
dilution  of  serum  an  equal  portion  of  broth  be  added,  a  dilution  of  I  in  10 
is  obtained,  and  a  portion  of  this  dilution  mixed  with  an  equal  volume 
of  culture  will  produce  a  final  dilution  of  1  in  20.  Whatever  dilution  is 
used,  the  volume  of  culture  added  in  the  last  step  of  the  process  must  be 
the  same  as  the  volume  of  diluted  serum,  so  that  throughout  the  whole 
series  of  tubes  the  serum,  in  its  various  dilutions,  may  act  on  approximately 
the  same  number  of  bacilli.  When  working  with  the  hanging-drop  rapid 
method,  and  the  capillary  tube  slow  method,  it  is  extremely  important  to 
put  up  a  control  hanging-drop  and  a  control  capillary  tube,  containing 
either  the  broth  culture  or  the  emulsion  in  broth  which  has  been  used 
in  the  experiment.  False  clumps  are  often  found  in  the  broth  cultures, 
and  agar  emulsions  which  closely  simulate  the  appearances  of  agglutinated 
masses.  In  these  cases  it  will  usually  be  noted  that  many  of  the  bacilli  in 
the  field  are  still  motile,  and  the  clumps  themselves  may  show  distinct 
movement.  In  capillary  tubes  the  same  clumps  may  precipitate  to  the 
bottom  of  the  tubes  and  produce  a  false  appearance  of  agglutination. 
When  these  precipitated  masses  are  seen  in  the  control  tubes  it  is  advisable 
to  again  repeat  the  experiments. 

There  are  many  organisms  which  resemble  the  B.  tyj^hosus  in  some  of 
their  cultural  appearances.  The  bacilli  included  in  the  coU  group  were 
at  one  time  confounded  with  B.  hjplwHus.  The  typical  B.  roli  communis, 
however,  is  easily  distinguished  by  the  following  tests,  which  are  given 
side-by-side  with  those  of  the  B.  tyjihosus. 
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WATER. 


B.  coli  comviunis. 


B.  typhoms. 

Surface  Colonics.  —  Much  thinner  than 
those  ol  B.  coli,  and  grow  moro  s)owly. 
After  forty-eight  hours'  incubation  at 
22°  C.  they  are  hardly  visible  to  the 
naked  eye. 
Slow  growth  like  the  colonies. 


(1)  Surface  Colonies. — Thicker,  and  grow 

more  rapidly  than  those  of  the  B. 
typhosus.  After  forty-eight  houi's' 
incubation  at  22°  C.  they  are  usually 
large  and  characteristic. 

(2)  Gelatine  Quick  growth  on  the 

surface  and  along  the  stab.  Surface 
growth  like  the  colonies. 
^  (3)  Gelatine  Slope— Thhck  broad  growth 
witli  a  crenated  margin. 

(4)  Peptone  and  Salt  Solution.  —  Indol 

produced. 

(5)  Coagulated.   "Whey  is  remark-    Not  coagulated 
ably  acid,  requiring  as  a  rule  more 

N 

than  10  per  cent.     alkaline  solution 

to  neutralise  it.  ,  , 

(The  production  of  acid  is  best  studied  in  litmus  whey.) 


Thin  narrow  gi'owth,  crenated  margin  not 

marked. 
No  formation  of  indol. 


Very  faintly  acid,  never 
N 

requiring  more  than  6  per  cent.  — 
alkali  to  neutralise  it. 


10 


Glucose  gelatine  said  to  be  slightly  fer- 
mented, but  this  elfect  is  rare. 
Lactose  gelatine.    No  gas  formation. 
No  gas  formation. 

No  film  on  the  surface,  but  a  general  growth 
appears  throughout  the  tube. 

Thin  transparent  growth,  hardly  visible  to 
the  naked  eye. 


Usually  longer 
motile. 


than    B.    coli,  highly 


Usually  8  to  12,  long  and  wavy. 

Marked   agglutination  with  dilute  anti- 
typhoid serum. 


(6)  Ghtcose  Gelatine}  Mnrked  gas  forma- 
Laclose  Gelatine  )  tion. 

(7)  Lactose  Broth.  —Gas  formation. 
'  (8)  Gelatine  (25  per  cent,  incubated  at 

37°  C.).— Thick  film  appears  on  the 
surface. 

.  (9)  Potato.— As  a  rule  a  thick  yellowish- 
brown  growth  ;  occasionally  a  thin 
colourless  growth  like  B.  typhosus. 

"(10)  Microscopical  Appearance.— A-  small 
bacillus,  often  like  a  coccus.  Not 
motile  as  a  rule. 
Flagella.—V snaWy  1  to  3,  short  and 
brittle  ;  sometimes  8  to  12  and  long 
and  wavy. 

(-]  1)  A'cjcjlidination.—k&  a  ruleno  agglutina- 
tion with  dilute  anti-typhoid  serum. 

'  '  The  atypical  members  of  the  coli  group  sometimes  give  rise  to  great 
difficulties  in  diagnosis.  Varieties  of  the  B.  coli  have  been  isolated  from 
water,  and  especially  from  the  stools  of  patients  suffering  from  enteric  fever, 
which  seem  to  stand  midway  between  the  B.  coh  and  the  B  typhosus. 
They  acTcrlutinate  with  typhoid  serum,  but  are  usually  distinguished  by  pro- 
ducing a  slightly  yellowish  growth  on  potato,  and  growing  move  rapidly  on 
c^elatine  than  the  true  B.  typhosus.  They  resemble  the  cultures  of  B. 
typhosus  as  regards  tests  (4),  (5),  (6),  (7),  and  (8). 

The  Bacillus  f/ecalis  alkaltgenes,  isolated  by  Petruschky  from  the 
stools  of  patients  suffering  from  enteric  fever,  resembles  the  B.  typhosus  m  the 
foUowing  points:  (1)  active  motility ;  (2)  possessing  mimerous  flagella  dis- 
posed all  round  the  baciUus ;  (3)  failure  to  stain  with  Grams  me  hod  •  (4 
the  appearance  of  the  colonies  on  gelatine  plates ;  5)  growth  m  milk  withou 
fermentation  ;  (6)  growth  in  sugar  media  without  the  production  of  gas ;  (7) 
agglutination  with  typhoid  serum;  (8)  negative  indol  reaction.  It  is  dis- 
tinguished by  the  following  reactions:  (1)  it  produces  a  brown  growth  on 
■potato  :  (2)  it  renders  litmus  whey  alkaline  after  forty-eight  hours  incubation 

The  Bacillus  bnteritidis,  which  was  isolated  by  Gartner  from  cases  of 
meat  poisoning,  also  resembles  the  B.  typhosus  in  (1)  the  appearance  of  the 
surface  colonies  ;  (2)  negative  indol  reaction ;  3)  absence  of  power  of  coagu- 
Ermilk;  (4)  agglutination  with  typlioid  serum.  It  is  distinguished 
by  prod^Idng  gas  in  glucose  media  and  failing  to  agglutmate  with  ddute 
typhoid  serum.    (Plate  V.,  fig.  5.) 
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The  B.  lactis  aerogenes  resembles  the  B.  ti/phosus  in  the  a23pearance  of 
i  its  colonies,  but  it  does  not  agglutinate  with  dilute  typhoid  serum.  It  also 
(develops  indol,  coagulates  milk,  and  produces  gas  in  glucose  media. 

The  B.  cavicida  described  by  Brieger,  also  resembles  the  B.  ty2')hosvs  in 
Ithe  appearance  of  its  colonies,  but  it  develops  indol,  and  produces  gas  in 
'glucose  media. 

The  B.  sulcatus  varieties  described  by  Weichselbaum  produce  surface 
( colonies  which  at  first  resemble  those  of  B.  typhosus,  but  on  later  develop- 
iment  they  acquire  a  yellow  colour.  These  bacilli  do  not  develoja  indol, 
(coagulate  milk,  nor  produce  gas  in  glucose  media.  They  are  readily  dis- 
ttinguished  by  failing  to  agglutinate  with  typhoid  serum,  and  also  by  growing 
sat  0°  C,  at  which  temperature  the  B.  typliosus  does  not  develop.  Some  of 
tthe  varieties  also  produce  a  yellow  colour  on  potato. 

The  B.  fluorescens  non-Uquefadens  group  of  organisms  occasionally  give 
irise  to  difficulties,  as  the  surface  colonies  have  a  superficial  resemblance  to 
t  those  of  the  B.  typhosus.  As  a  rule,  the  marked  venation  on  the  surface 
(colonies,  and  the  green  colour  of  the  gelatine  around  them,  enables  a  diagnosis' 
tto  be  made.  Sometimes,  however,  the  venation  is  not  marked,  an(i  the 
^  green  colour  is  not  developed  for  many  days.  Under  these  conditions  a 
I  mistake  may  be  made,  as  the  organisms  do  not  produce  gas,  coagulate  milk, 
I  nor  give  rise  to  gas  in  glucose  media.  The  agglutination  test  usually  helps 
tto  solve  the  difficulty,  and  most  of  the  members  of  the  group  also  produce 
a  a  coloured  growth  on  potato. 

The  B.  acidi  ladici  produces  surface  colonies  somewhat  like  those  of 
tthe  B.  typhosus.  But  it  is  a  spore-bearing  organism,  coagulates  milk,  pro- 
( duces  indol,  and  forms  gas  in  glucose  media. 

The  B.  urece  also  gives  rise  to  surface  colonies  which  closely  resemble 
tthe  "  placoid  "  forms  of  B.  typhosus.  It  is  distinguished  by  not  reacting  to 
tthe  agglutination  test  and  converting  urea  into  ammonium  carbonate. 

The  B.  typhosus  simulans  group  of  organisms,  isolated  by  Houston  from 
'Thames  mud,  very  closely  resemble  the  B.  typhosus,  but  they  all  fail  to 
aagglutinate  with  typhoid  serum. 

Experimental  Researches  on  the  Duration  op  Life  of  the 
Bacillus  typhosus  in  Water  and  Sewage. 

Kraus  introduced  a  large  number  of  typhoid  bacilli  into  three  samples  of 
mnsterilised  water,  one  being  a  pure  pipe  supply  and  the  other  two  well- 
\waters ;  the  bacilli  disappeared  between  the  fifth  and  seventh  day  in  all 
t  three  samples.  Hueppe  repeated  Kraus's  experiments  and  obtained  the 
ssame  results.  Karlinski  introduced  30,000  typhoid  bacilli  into  the  Inns- 
l^bruck  Avater,  and  found  that  after  seven  days  they  had  completely  dis- 
aappeared.  Karlinski  also  placed  typhoid  dejecta,  containing  700  typhoid 
1  bacilli  per  c.c,  in  a  cistern  filled  Avith  river-  and  rain-water ;  three  experiments 
vwere  made,  and  in  all  of  them  the  B.  typhosus  could  not  be  detected  after 
tthe  third  day.  Bobrow  studied  the  duration  of  life  of  the  B.  iyjyhosus  in  a 
vwell-watcr  containing  15,000  water-organisms  per  c.c. ;  the  typhoid  bacillus 
ccould  not  be  isolated  after  eight  days.  Hueppe  introduced  the  typhoid 
Ibacilli  into  unsterilised  well-Avater  kept  at  16°  to  20°  C. ;  out  of  ten  cxperi- 
iments  he  found  the  typhoid  baciUi  had  disappeared  after  five  days  on  four 
(occasions,  after  ten  days  on  five  occasions,  and  in  one  case  they  appeared  to 
llive  up  to  the  thirtieth  day.  Frankland  made  simultaneous  experiments  on 
water  derived  from  the  River  Thames,  Loch  Katrine,  and  a  deep  well  in 
tthe  chalk ;  the  same  amount  of  the  culture  Avas  introduced  into  the  three 
sapecimens.    In  the  Thames  water  the  B.  typhosus  could  not  be  found  after 
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nine  days,  but  in  Locli  Katrine  water  it  lived  for  nineteen  days,  and  in  the 
deep-well  water  for  tliirty-tliree  days.    In  the  deep-well  water  the  ordinary 
Avater-organisms  increased  far  more  rapidly  than  in  the  Thames  and  Loch 
Katrine  waters,  so  Frankland  believed  that  the  disappearance  of  the  B. 
typhosus  could  not  be  due  to  the  action  of  the  water  bacteria.    Klein  intro- 
duced a  recent  culture  of  the  B.  typliosus  into  unsterilised  tap-water  derived 
from  the  West  Middlesex,  Kent,  and  New  River  companies,  and  kept  the 
samples  at  room  temperature.    Eighteen  days  after  the  inoculation,  living 
typhoid  bacilli  were  found  in  O'l  c.c.  from  each  of  the  waters.    After  thirty- 
six  days  typhoid  bacilli  were  not  detected  in  1  c.c.  of  the  New  River  and 
Kent  waters,  but  they  were  found  in  the  West  Middlesex  Avater.  After 
forty-two  days  the  typhoid  bacilli  appeared  to  have  disappeared  from  all 
three  waters.    In  sterilised  waters  the  B.  typhosus  has  usually  been  found 
to  have  a  more  prolonged  existence.    Straus  and  Dubarry  found  it  lived 
for  sixty-nine  days  in  distilled  water,  for  eighty-one  days  in  sterile  L'ourcq 
water,  and  for  forty-three  days  in  sterile  Vanne  water.    Hochstetter,  how- 
ever, stated  that  the  B.  typhosus  only  lived  for  hve  days  in  distiUed  water, 
and  for  seven  days  in  sterile  Berlin  water.    WollFhugel  and  Riedel,  working 
with  sterilised  Panke  water,  found  that  the   B.  typhosus  multipHed  when 
the  temperature  was  favourable,  viz.,  above  16°  C,  but  when  the  temper- 
ature remained  below  8°  C.  the  bacillus  remained  alive,  but  did  not  multi- 
ply.   Klein  found  the  B.  typhosus  lived  for  eighty-five  days  in  sterilised 
water  derived  from  the  New  River,  West  Middlesex,  and  Kent  companies. 
Numerous  experiments  have  been  made  as  to  the  behaviour  of  the  B. 
typJwsus  in  sewage.    Klein  found  that  it  could  be  detected  in  ordinary 
sterile  sewage  three  weeks  after  inoculation.    At  Netley  experiments  were 
made  with  a  strong  sewage  (a)  filtered  through  a  Berkefeld  bougie,  and  (h) 
sterilised  by  heating   to  65°  C.    on  seven   successive   days.    The  B. 
typhosus  was  then  introduced  in  large  numbers,  and  left  at  the  room  temper- 
ature (16°  C).    After  forty -two  days  the  baciUi  were  easily  isolated,  but 
the  colonies  were  noticed  to  have  lost  their  characteristic  "  placoid  "  appear- 
ance, and  appeared  as  dark  granular  masses  with  a  slightly  irregular  margin. 
The  bacilli  also  appeared  to  become  less  resistant  to  carbolic  acid;  after  fourteen 
days' immersion  in  sewage  they  showed  no  growth  in  broth  containing  more  than 
0-05  per  cent,  carbolic  acid,  when  incubated  for  twenty-four  hours  at  37°  C 
The  same  results  were  obtained  when  the  sewage  was  diluted  with  90  per  cent, 
of  tap-water.    In  order  to  gain  an  idea  of  the  influence  of  other  organisms, 
B.  coli  and  B.  iiuorescens  liquefaciens  were  then  added  to  the  sterile  sewage 
containing  typhoid  bacilli.    It  was  found  that  the  B.  typhosus  could  not 
be  recovered  after  the  fifth  day  in  the  tubes  containing  the  B.  coli  and  after 
the  seventh  day  in  the  tubes  containing  the  B.  fluorescens  liquefaciens. 

The  whole  question  of  the  duration  of  life  of  the  B.  typhosus  in  water 
and  sewage  is  very  complex ;  temperature,  the  amount  of  nutriment,  the 
i)resence  of  other  organisms  and  their  toxines,  the  number  and  vitality  of 
the  typhoid  bacilli  introduced,  are  powerful  factors  Avhicli  influence  the 
result  in  various  ways.  In  most  experiments  the  typhoid  bacilli  have  been 
introduced  in  considerable  numbers,  but  examination  of  the  stools  of 
typhoid  patients  has  shown  that  typhoid  bacilli  will  not  be  present  in  any 
quantity  when  water  is  fouled  by  typhoid  dejecta.  Wathelet  only  found  ten 
colonies  of  B.  iyphosiis  among  six  hundred  colonies,  having  characters 
common  to  B.  coli  and  B.  typhosus,  which  he  isolated  from  typhoid  stools. 
Consequently  it  seems  extremely  probable  that  under  natural  conditions 
very  few  typhoid  bacilli  will  gain  access  to  a  water-supply,  and  to  deto.  I 
them  it  will  be  necessary  to  examine  a  considerable  quantity  of  the  water. 
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The  bulk  of  the  experimental  evidence  seems  to  show  that,  unless  the  specific 
pollution  is  continuous,  it  is  extremely  unlikely  that  typhoid  bacilli  wiU  be' 
detected  in  a  water,  if  more  than  a  week  has  elapsed  since  the  actual 
pollution  occurred.  The  outbreak  of  typhoid  fever  at  Maidstone  affords 
considerable  support  to  this  view.  Washbourn  made  a  bacteriological 
examination  of  the  infected  water  about  ten  days  after  the  specific  infection 
had  taken  place.  He  failed  to  find  the  B.  typhosus,  though  the  presence  of 
typical  B.  coli  showed  that  undoubted  sewage  contamination  of  the  water 
had  occurred.  When,  however,  sewage  containing  the  specific  excreta 
passes  into  a  cesspool  and  percolates  at  once  into  the  surrounding  ground, 
the  conditions  appear  to  be  different.  Eobertson's  experiments  have  shown 
that  typhoid  bacilli  may  exist  in  earth  under  natural  conditions  for  several 
months;  and  if  they  are  carried  into  the  water-supply,  by  rising  ground 
Avater  or  rain,  it  is  possible  that  attacks  of  enteric  fever  may  arise  from  this 
source  long  after  the  actual  infecting  cases  occurred. 

Methods  which  have  been  suggested  foe  the  Dbmonstbation  of  the 
Bacillus  typhosus  in  Water. 

In  order  to  study  gelatine  plates  and  make  sub-cultures  of  suspicious 
organisms,  numeroiTS  efforts  have  been  made  to  repress  the  growth  of  the 
merely  saprophytic  organisms  without  hindering  the  development  of  the 
B.  typhosus.  Chantemesse  and  Widal  proposed  to  add  0'25  per  cent,  of 
carbolic  acid  to  the  nutrient  gelatine.  Holz  showed  that  0'2  per  cent,  of 
carbolic  acid  extensively  hindered  the  growth  of  the  B.  typhosus  in  Esmarch- 
roU  tubes ;  the  same  effect,  however,  was  not  noticed  in  gelatine  plates, 
whilst  the  liquefying  bacteria  were  all  kiUed.  Tiemann-Gartner  found  0*25 
per  cent,  of  carbolic  acid  very  useful,  and  showed  that  the  growth  of  the 
B.  typhosus  was  only  slightly  hindered  when  this  amount  of  carbolic  acid 
was  added  to  the  water  for  three  hours.  Plates  made  at  the  end  of  tin's 
time  were  found  to  be  almost  completely  free  from  foreign  organisms. 
Parietti  suggested  a  solution  containing  five  grammes  of  carbolic  acid  and 
four  grammes  of  hydrochloric  acid;  of  this  solution  0"1,  0'2,  andO'S'c.c. 
are  added  to  a  series  of  10  c.c.  broth  tubes,  so  that  the  tubes  contain  0"05, 
O'lO,  and  0'15  per  cent,  of  carbolic  acid.  One  c.c.  of  the  water  is  then 
added  to  each  of  the  tubes,  which  are  incubated  at  37°  C.  for  twenty-four 
hours.  All  the  tubes  which  shoAV  any  growth  are  then  plated  out  in  gelatine ; 
the  colonies  which  develop  are  examined  under  the  microscope,  and  those 
resembling  B.  typhosus  are  sub-cultured  in  various  media.  Tiemann-Gartner 
found  that  the  B.  typhosus  often  did  not  grow  in  broth  containing  0"10  and 
0*15  per  cent,  of  carbolic  acid,  and  Losener  obtained  similar  results.  Vincent 
recommends  the  addition  of  five  drops  of  a  5  per  cent,  solution  of  carbolic 
acid  to  the  broth  tubes,  which  are  then  incubated  at  42°  C.  Eavitsch- 
Stcherba  added  0*1  per  1000  of  a-naplithol  to  the  nutrient  medium.  Losener 
did  not  obtain  satisfactory  results  with  this  method.  The  surface  of  the 
B.  typhosus  was  green  in  colour,  granular,  raised  in  the  centre,  and  not 
easily  recognised.  Holz  and  Eisner  prepared  a  potato-gelatine  medium  with 
a  faintly  acid  reaction,  which  was  said  to  prevent  the  growth  of  saprophytic 
organisms.  Later  1  per  100  of  potassium  iodide  was  added  to  the  potato- 
gelatine  tubes.  On  this  medium  the  B.  typhosus  grows  slowly,  and  at  the 
end  of  forty-eight  hours  the  colonies  appear  as  smaller  clear  points,  like  minute 
drops  of  water ;  the  B.  coli,  on  the  other  hand,  shows  much  larger  colonies  of  a 
dark  brown  colour.  Unfortunately  those  appearances  cannot  be  j-olicd 
■upon  ;  often  the  B.  coli  shows  small  transparent  colonies  like  tlie  B.  tijphmus. 
Also  many  liquefying  organisms  develop  on  potato-gelatine,  so  that  the 
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plates  cannot  be  kept  very  long  under  observation  when  the  water  is 
seriously  polluted.  Uffelmann  suggested  that  ordinary  gelatine  should  be 
exactly  neutralised,  and  then  O'l  per  cent,  of  pure  carbolic  acid  and  0-002 
per  cent,  of  methyl-violet  added.  The  colonies  of  B.  typhosus  grow  in  a 
characteristic  manner  and  remain  distinctly  bluer  than  the  surrounding 
medium.  Stoddart  recommended  a  medium  containing  0*5  per  cent,  agar 
and  5  per  cent,  gelatine.  A  sufficient  quantity  of  this  mixture  is  poured 
into  a  dish  or  flat  flask,  so  as  to  fill  it  to  a  depth  of  5  mm. ;  the  dish  or 
flask  is  then  sterilised  and  allowed  to  cool  gradually  (preferably  in  the 
steriliser  over-night).  Drops  of  moisture  Avhich  may  have  condensed  on 
the  cover  are  drained  ofi',  and  the  centre  of  the  medium  touched  with  a 
platinum  needle  charged  with  the  material  to  be  examined.  In  order  to 
prevent  condensation,  the  dish  is  enclosed  in  a  larger  one  and  incubated  at 
35°  C.  for  twenty-four  hours.  If  B.  typhosus  is  present,  about  two-thirds  of 
the  dish  will  then  be  found  occupied  by  a  circular  opalescence,  wliich  later 
extends  throughout  the  whole  dish.  Under  j^recisely  similar  conditions,  the 
B.  coli  affords  the  usual  plate  of  limited  extent.  If  the  inoculation  is  made 
from  a  mixture  of  both  organisms,  there  results  a  central  disc  of  coli 
bacilli,  surrounded  by  an  opalescent  halo  of  typhoid  growth,  wliich  yields 
perfectly  pure  sub-cultures.  Unfortunately  many  of  the  varieties  of  B.  coli 
which  are  motile,  produce  exactly  the  same  halo  appearance  as  the 
B.  typhosus;  so  the  test  cannot  be  absolutely  relied  upon  to  distinguish 
between  B.  coli  and  B.  typhosus. 

Nearly  all  the  methods  described  aim  at  giving  the  B.  typhosus  time  to  de- 
velop, but  they  all  fail  to  prevent  the  growth  of  the  B.  coli  and  its  varieties. 
At  Netley  a  modification  of  Parietti's  method  is  preferred,  and  media  contain- 
ing not  more  than  0'05  per  cent,  carbolic  acid  are  used.  It  is  true  that  this 
small  amount  of  carbolic  acid  enables  many  liquefying  organisms  to  develop, 
but  at  the  same  time  it  ensures  that  the  B.  typhosus  will  be  able  to  grow.  It 
has  been  already  shown  that  B.  typhosus  which  has  existed  in  scAvage  for 
some  days,  will  show  no  appreciable  growth  after  twenty-four  hours'  incuba- 
tion in  broth  containing  more  than  0-05  per  cent,  carbolic  acid.  Con- 
sequently it  is  important  not  to  exceed  this  amount  of  carbolic  acid  in  the 
broth  and  gelatine  media.  It  has  also  been  stated  that  under  ordinary 
conditions  probably  very  few  i  typhoid  bacilli  wiU  be  present  in  a  polluted 
water,  and  that  to  detect  them  a  considerable  quantity  of  water  must  be 
examined.  If  the  water  contains  comparatively  few  organisms  it  is 
advantageous  to  pump  about  one  or  two  litres  of  the  sample  through  a 
Berkefeld  bougie  and  diff"use  the  deposit  by  means  of  a  sterile  brush  in 
10  c.c.  of  sterile  water;  of  this  1  c.c.  is  then  added  to  each  of  five  carbolic 
acid  broth  tubes  which  are  incubated  at  37°  C,  and  the  remaining  c.c.  are 
directly  plated  out  in  carbolic  acid  gelatine,  using  from  O'l  to  1  c.c.  of  the 
fluid  for  each  plate.  All  the  brotli  tubes  which  become  cloudy  after  twenty- 
four  hours'  incubation  are  also  plated  out  in  carbolic  acid  gelatine.  If  the 
water  comes  from  a  source  which  is  known  to  be  extensively  polluted,  or 
several  days  have  elapsed  since  its  collection,  it  is  useless  to  concentrate  the 
water  by  pumping  through  a  bougie,  as  even  O'Ol  c.o.  of  the  deposit  will 
contain  so  many  bacteria  that  the  B.  typhosus  will  bo  crowded  out.  Under 
these  conditions  it  is  better  to  prepare  a  large  number  of  carbolic  acid  broth 
tubes,  to  which  the  water  is  then  added  in  amounts  gradually  increasing  from 
0-1  to  1  c.c.  A  dozen  tubes  at  least  should  be  prepared.  All  the  tubes 
which  become  cloudy  after  twenty-four  hours'  incubation  should  be  planted 
out  again  in  carbolic  acid  broth,  and  the  tubes  whicli  became  cloudy  in  this 
second  aeries  must  then  be  plated  out  in  carbolic  acid  gelatine.    The  colonies 
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■wliicli  develop  are  studied,  and  those  resembling  the  coli  group  are  "  fished  " 
and  planted  out  in  glucose  gelatine  and  on  agar  slopes.  Those  colonies 
which  do  not  produce  gas  are  then  "sedimented"  with  typhoid  serum,  the 
growth  on  agar  heing  used  to  prepare  the  required  emulsion.  If  agglutina- 
tion is  produced,  the  growth  on  agar  is  then  planted  out  in  the  various 
media  described  under  B.  typhosus.  It  is  also  advisable  to  plant  out  at  the 
same  time  a  typical  B.  typhosus,  so  as  to  be  able  to  compare  the  cultures 
produced  by  the  unknown  bacillus  with  those  of  the  true  organism. 

The  discovery  of  the  B.  typhosus  in  water-supplies  has  often  been 
announced,    Moers,  in  1886,  was  the  first  to  isolate  the  bacillus  from  a  con- 
taminated well  supplying  water  to  a  number  of  people  amongst  whom  cases 
of  enteric  fever  had  occurred.    Michael,  in  the  same  year,  claimed  to  have 
found  the  bacillus  in  a  well-water  suspected  to  have  caused  enteric  fever  in 
Dresden.    Chantemesse  and  Widal,  Thoinot,  Loir  and  Vincent  have  all 
found  the  typhoid  bacillus  in  the  water  of  the  river  Seine.    Fodor  stated 
that  he  found  the  bacillus  five  times  in  the  water-supply  of  Budapest. 
Most  of  the  early  discoveries  of  the  B.  typhosus  must  be  accepted  Avith  great 
reserve,  as  at  that  time  the  appearance  of  the  colonies  on  gelatine  plates  was 
considered  sufficient  to  eftect  the  detection  of  the  bacillus,  and  most  of  the 
tests  now  required  Avere  not  applied.    Cassedebat  studied  with  great  care 
the  water-supply  of  Marseilles  in  1890,  employing  special  methods,  but  he. 
failed  to  discover  the  typical  B.  tijphosus  of  Eberth  and  Gaffky.    He,  how- 
ever, isolated  three  other  baciUi  which  he  called  pseudo-typhoid,  and  which 
bore  a  close  resemblance  to  the  true  typhoid,  and  could  only  be  differentiated 
wjth  great  care.    Cassedebatamade  about  250  cultures,  employing  about  ten 
drops  of  water  for  each  cuJture,  and  was  careful  to  state  that  his  failure  to 
liscover  the  typhoid  bacillus  did  not  prove  anything  j'br  oi    .^n-ainst  the 
existence  of  tliis  bacillus  in  Avater,  oAving  to  the  small  amount  of  Avater  with 
Avhich  he  Avorked.    At  the  same  time  it  is  evident  that  his  so-caUed  pseudo- 
typhoid  bacilli  AA^ould  have  been  described  by  earlier  observers  as  the  tnie 
typhoid  bacilli.  Klein  examined  the  Avater-supply  of  Worthing,  Avhere  an  out- 
break of  enteric  fever  occurred.    A  sample  Avas  collected  drop  by  drop  during 
a  period  of  tAvelve  hours  from  the  rising  main  in  the  Wortliing  Avater-works 
yard ;  1500  c.c.  of  this  Avater  Avere  passed  through  a  Berkefeld  filter  and  the 
residue  on  the  bougie  was  distributed  among  phenolated  broth  tubes  and 
phenolated  gelatine  plates.    "  In  the  tubes  and  plates  the  B.  coli  developed 
abundantly,  and  in  addition  a  few  other  colonies  Avere  detected — tAvo  in  one 
plate  and  one  in  another  plate — Avhich  on  sub-culture  presented,  morphologi- 
cally as  Avell  as  culturally,  all  the  characters  of  enteric  fever  bacilli."  Eem- 
linger  and  Schneider,  in  1897,  examined  thirty-seven  specimens  of  Avater 
obtained  from  Avells  and  rivers,  both  during  outbreaks  of  enteric  fever,  and 
in  the  absence  of  aU  manifestations  of  this  disease,    Nine  of  the  specimens 
contained  a  bacillus  presenting  all  the  characters  which  they  considered 
typical  of  the  B.  typhosus,  viz.:  (1)  aspect  of  cultures  on  gelatine  ;  (2)  active 
motility  of  the  bacillus ;  (3)  large  number  of  flagella  ;  (4)  failure  to  stain  by 
Gram's  method;  (5)  absence  of  gas  formation  in. sugar  media;  (6)  milk 
unchanged;  (7)  indol  not  produced  in  peptone  water;  (8)  acid  produced  in 

litmus  whey  but  not  exceeding  3  percent,  of  ^  alkaline  solution;  (9)  typical 

growth  on  potato;  (10)  pathogenic  action;  (11)  agglutination  with  serum. 

In  1899  Kublor  and  Neufeld  detected  the  B.  typhosus  in  avcU- water  and 
stated  that  they  believed  the  pollution  of  the  Aveil  Avas  caused  by  urine,  as 
the  typhoid  liacilli  were  present  in  large  numbers,  and  the  B.  coU  compara- 
tively  absent.    The  tests  on  Avhich  the  authors  relied  for  the  isolation  of  the 
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B.  typhosus  were  as  follows  : — Characteristic  growth  on  potato,  gelatine  and 
in  litmus  whey,  and  broth,  absence  of  gas  formation  in  glucose  media,  the 
number  of  flagella,  and  agglutination  with  a  very  dilute  typhoid  serum. 
Also  a  three  hundred  gram  guinea-pig  was  killed  by  one  loopful  of  a  twenty- 
four  hours'  growth  on  agar;  but  with  the  same  amount  of  growth,  and  0-01 
c.c.  of  typhoid  serum,  a  guinea-pig  of  the  same  weight  remained  quite  well. 
Kiibler  'and  Neufeld  regard  Pfeiffer's  reaction  as  the  most  important  test, 
because  it  indicates  that  the  B.  typhosus  is  in  a  virulent  condition.  There 
can  be  no  doubt  that  the  B.  typhosus  has  been  found  in  water ;  no  other 
organism,  except  the  bacillus  of  Eberth  and  Gaffky,  could  possibly  show  all 
the  reactions  described  by  Kubler  and  Neufeld, 

The  Spibillum  cholera  ASiATiciE  was  isolated  by  Koch  from  the  stools 
of  cases  of  cholera  in  Egypt.  On  cultivation  the  following  appearances  are 
seen  on  the  various  media  : — 

Gelatine  plates.— In  twenty-four  to  forty-eight  hours  the  colonies  appear 
as  minute  white  points,  which  under  a  low  power  show  an  irregular  or  fur- 
rowed margin.    Later  on,  liquefaction,  of  the  gelatine  is  produced,  and  the 
colony  appears  as  a  granular  mass  with  a  torn  or  broken  up  margin  Ijdng  at 
the  bottom  of  a  circular  cup  of  liquefied  gelatine.  Agar  plates.— Vndei  a  low 
power  the  surface  colonies  appear  as  circular  discs  of  brownish-yellow  colour 
and  are  more  transparent  than  the  colonies  of  most  other  organisms. 
Gelatine  stab.— A  growth  occurs,  followed  by  hquefaction,  so  that  about  the 
fourth  day  there  is  seen  a  bubble-shaped  depression  at  the  surface,  and 
below  this  a  funnel  of  liquefaction,  covered  at  the  surface  with  a  white 
growth     Agar  slope.— A  white  growth  appears  which  is  .nqt  characteristic..- 
Broth  becomes  generally  turbid,  and  a  thin  pelU-uie  forms  on  the  suriace 
MilMs  unchancred  f  fMi-  sever.d. d^n.^ji,'  incu-Dation.  Potato.— There  is  no  growth 
oA,  cue  ordinary  temperature,  but  at  37°  C.  a  moist  layer  appears  Avhich  later 
acquires  a  greyish-brown  colour.    Peptone  and  salt  solution. — After  twenty- 
four  hours'  incubation  at  37°  C.  both  indol  and  a  nitrite  are  formed,  so  that  on 
the  addition  of  a  few  drops  of  pure  sulphuric  acid  a  red  colour  is  produced. 
This  is  usually  known  as  the  "  cholera  red  "  reaction. 

Microscopical  characters.  — The  cholera  spirillum  is  a  small  curved 
organism  resembling  a  comma ;  usually  only  one  curve  is  seen,  but  sometimes 
two  spirilla  are  attached  together  and  an  S  shape  is  produced.  It  is  actively 
motile  and  possesses  a  single  flagellum  placed  at  one  end.  It  does  not  form 
spores.  Involution  forms  are  common,  especially  when  the  organism  has 
been  kept  in  water  ;  it  may  then  appear  short  and  thick  and  look  like  a 
laro'e  coccus.    It  grows  best  at  37°  C,  and  is  strongly  aerobic. 

° Reaction  loith  Anti-cholera  Serum. —Viei^ev  suggested  tlie  folloAving  test 
as  a  means  of  diagnosis.  A  loopful  (3  mgm.)  of  a  recent  agar  culture  of  the 
spirillum  is  added  to  1  c.c.  of  broth  containing  from  20  to  50  mgm.  of  aiiti- 
cholera  serum.  (The  strength  of  the  serum  should  always  be  determined,  so 
that  the  amount  may  be  known  which  will  protect  against  a  fatal  dose  of 
the  cholera  spirillum.)  The  mixture  of  spirilla  broth  and  serum  is  then 
iniected  into  the  peritoneal  cavity  of  a  guinea-pig.  If  the  spirilla  injected 
have  been  true  cholera  spirilla,  the  animal  will  remani  well,  and  a  little  of 
the  peritoneal  fluid,  withdrawn  after  an  interval  of  half  to  one  hour,  will 
show  spiriUa  motionless  and  swollen  up  into  globules.  If  the  reaction  is 
allowed  to  continue  for  some  time  all  the  spirilla  A^•lll  he  found  broken  down 
into  granular  masses,  and  they  may  eventually  disappear.  A  control  experi- 
ment should  always  be  made  with  the  same  amount  of  normal  serum.  It 
must,  however,  be  rememl^ered  that  a  true  cholera  siiirillum  which  has  lost 
its  virulence  may  be  destroyed  by  normal  peritoneal  fluid. 
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The  agglutination  test  may  be  performecl  in  the  same  manner  described 
under  B.  typhosus.  The  serum  is  generally  used  in  dilutions  from  -J-  to 
j4(7,  and  does  not  agglutinate  other  than  the  specific  spirilla. 

Tlie  Diagnosis  of  Cholera  Spirilla  from  other  Species. — The  difficulties 
-of  diagnosing  the  cholera  spiriUa  in  water  are  due  to  the  large  number  of 
other  spirilla  which  have  been  described,  and  which  in  some  respects  strongly 
resemble  the  spirillum  of  Koch.  They  may  be  divided  into  two  classes, 'a. 
and  B.  ' 

Class  A.  includes  the  following  organisms,  which  are  easily  distinguished 
from  Koch's  spirillum. 

TJie  Spirillum  of  FinMer  and  Prior,  found  in  water  by  Gruber  and  his 
pupils.  It  is  a  thicker  spirillum  than  Koch's,  and  liquefies  gelatine  more 
rapidly.  It  produces  indol  but  no  nitrites,  so  that  the  "  cholera  red  "  test  is 
not  usually  given ;  occasionally  traces  of  nitrites  may  be  formed,  and  then 
the  reaction  will  be  given  slowly  and  imperfectly. 

lienow's  spirillum  was  isolated  from  well-water.  It  is  three  times  as  long 
and  twice  as  wide  as  Koch's  spirillum.  ° 

Vib7-io  aquatilis,  found  by  Giinther  in  Spree  water.  This  organism 
exactly  resembles  the  spirillum  of  Koch  in  microscopical  characters,  but  its 
young  colonies  have  a  perfectly  smooth  rim,  and  are  thus  easily  distinguished 
from  the  colonies  of  Koch's  spirillum.  It  does  not  give  the  "  cholera  red  " 
reaction,  and  refuses  to  grow  on  potato  either  at  22°  C.  or  37°  C. 

Russell's  spirillum  was  isolated  from  the  Gulf  of  Naples.  It  does  not 
grow  at  37°  C. 

Kiessling's  spirillum  was  isolated  from  the  water  of  the  sand-washings  at 
Altona.    It  appears  to  be  identical  with  Giinther's  Vibrio  aqiiatilis. 

Weibel  has  described  several  spirilla  which  he  isolated  from  sewer  mud. 
The  Vihrio  saprophiles  a  find  y  ave  easily  distinguished  by  the  appearances 
■of  the  colonies,  which  are  smooth  rimmed  and  do  not  liquefy  gelatine.  The 
Vibrios  aureus  and  flams  are  also  distinguished  by  the  appearance  of  the 
colonies,  which  are  smooth  rimmed,  acquire  a  yellow  colour,  and  do  not  liquefy 
gelatine. 

The  Spirillum  rubrtim,  described  by  Esmarch,  was  also  isolated  from 
water  by  Adametz.  It  is  easily  distinguished  by  its  colonies  on  gelatine, 
which  very  slowly  acquire  a  wine-red  colour  and  do  not  liquefy  gelatine. 
_  The  Spirillum  volutans,  S.  serpens,  S.  tenuis,  and  S.  undula,  found 
m  stagnant  waters,  are  all  much  larger  than  Koch's  spirillum,  and  generally 
form  many  spiral  turns. 

The  Badllus  choleroides  a  and  fi,  isolated  by  Bujwid  from  water,  very 
closely  resemble  Koch's  spirillum.  They  are  said  to  liquefy  gelatine  more 
rapidly  than  Koch's  organism,  and  the  colonies  possess  a  smooth  margin. 

Class  B.— The  organisms  included  in  this  class  give  rise  to  great  diffi- 
K5ulties  in  diagnosis.    They  are  as  follows  :— 

t-*  Vibrio  Berolinensis,  isolated  by  Neisser  from  Berlin  sewage,  differs 

Mrom  Koch  s  spirillum  in  that  it  liquefies  gelatine  very  slowly.  The  colonies 
;  appear  as  smooth  expansions  which  do  not  sink  in  gelatine.  It  does  not 
:  give  Pfeifier's  reaction. 

.+1,  J^*^  Vibrio  Danubicus,  isolated  by  Heider  from  canal-water,  is  very  like 
I  the  true  cholera  spirillum ;  but  it  docs  not  give  PfeifFer's  reaction,  the  colonies 
care  diflerent,  and  it  liquefies  gelatine  rapidly.  It  is  also  very  patliogenic 
tto  guinea-pigs.  '  j  i  o 

Tlie  Vibrio  of  Massowah,  isolated  by  Pasquale,  was  at  one  time  regarded 
as  the  true  cholera  organism.    It  does  not  give  Pfeifier's  reaction,  possesses 
Hour  flagella,  and  is  very  pathogenic  to  pigeons. 

I 
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The  Vibrio  Gindlia,  discovered  by  Pasquale  in  well-water,  does  not  give 
the  "  cholera  red  "  and  specific  immunity  reactions. 

Sanarelli  isolated  foiu-  vibrios  from  the  river  Seine  which_  gave  the 
" cholera  red"  reaction,  and  were  pathogenic  to  guinea-pigs.  Tlus  observer 
believes  there  may  be  many  vibrios  capable  of  producing  symptoms  of 
cholera  Lastly,  Dunbar  has  found  many  spirilla  in  the  Hamburg  pipe- 
water  and  in  water  from  the  Elbe  and  Oder,  which  cannot  be  easily  distm- 
cTuished  from  true  cholera  spiriUa.  A  portion  of  these  spirilla  showed  phos- 
phorescence in  the  dark,  which  is  never  observed  with  true  cholera  spiriUa. 
However,  the  phosphorescence  was  not  found  absolutely  constant ;  so  it  is 
still  doubtful  whether  these  spirilla  were  really  true  cholera  organisms. 

Methods  proposed  for  the  Isolation  op  the  Cholera  Spirillum 

FROM  Water. 

The  simplest  method  is  to  convert  a  considerable  bulk  of  the  specimen 
into  a  1  per  cent,  peptone  and  0-5  per  cent,  salt  solution.  Tins  is  easily 
done  by  keeping  a  stock  solution  containing  10  per  cent  peptone  and  5  per 
cent.  saU  solution;  10  c.c.  of  this  solution  are  added  to  90  c.c.  of  the  water 
placed  in  a  sterile  flask,  which  is  then  incubated  at  37  _C.  ..^iter  twelve  o 
twenty-four  hours  the  contents  of  the  flask  become  turbid  if  cholera  spudla 
are  present.  Loopfuls  must  then  be  removed  from  the  surface  of  the  fluid 
in  the  flask,  and  plated  out  in  gelatine,  and  mbbed  over  the  sin^face  of  agar 
solidified  in  Petri  dishes.  If  pure  cultures  of  spirilla  are  then  obtained,  tlie 
colonies  must  be  planted  out  in  the  foUowmg  media  :— 

(1.)  Peptone  and  Salt  Solution. -After  twenty-four  hours'  incubation  at  37°  C  the 
tube  will  become  turbid,  and  on  the  addition  of  pure  sulphuric  acid  the  cholera  red 

'''?2rGdaul!e  SSs.-The  characteristic  colonies  with  an  nre^^^to-  margin  will  appear. 
I   Ge  atine  Sope  -The  typical  funuel-shaped  liquefaction  will  be  obtained 
,X  A„i,  ^In^e  -The  crrowth  which  appears  in  twenty-four  hours  at  3/    C.  must 
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Metelmikoff  recommended  the  foUowiiig  method  :-A  sei-.es  ot  Vmens 
a-istaS  pi'eZ^^  ;  into  each  «.sk  the  foUowing  sohitioi.  is  poured  ,.e  water 
Mcc  peptone  2  g  ammes,  salt  2  grammes,  gelatme  4  grammes  and  a  sohition 

S?:„  ;'siient  ?o  give  slight 
;7t:e^;^;h^:;eime^ 

cholera  spuilhim  m  water.    Kiaus  studiea  u^^^^  foUowmg  chemical 

three  specimens  of  unsterihsed  water,  which  Had  tne  louow  „ 
composition:-  ^^^^^^^^^^     ^^^^^^^^^      titrates.  Kltrites.  A™ia.  gfX^. 

allin  parts  per  100,000.  ^^^^^ 

No.     I.  Pipe  supply      27-6         0;41         0;24  ^  ^.3^^ 

No.    II.  Well-water        59-6  2  6/  b  q.qc,q 

No.  III.  Well-water        56-0         2  56         0  ^0 

Koch's  vibrio  was  introduced  into  these  waters  and  the  following  results 
obtained : — 
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No.  of  days  after  the  water  was  inoculated. 


No.  I. 
No.  II. 
No.  IIL 


No.  I. 
No.  IL 
No.  III. 


Koch's  vibrios  in 
10,000  0 
8,700  0 
9,420  0 


30 
80 
250 


Wa  ter  bacteria  per  1  c.  c.  of  water, 


400 
900 
2,000 


1  o.c.  of  water 
0 
0 
0 


70,000 
85,000 
100,000 


0 
0 
0 


1,400,000 
innumerable 


These  results  showed  that  Koch's  vibrio  could  not  be  detected  forty- 
eight  hours  after  inoculation,  although  No.  II.  specimen  contained  lar4 
quantities  of  nitrates  and  No.  III.  specimen  contained  a  good  deal  of  organic 
mat  er.  In  these  experiments  special  methods  were  not  used  to  isolate 
J^och  s  vibrio  so  the  results  must  be  accepted  with  considerable  reservation 

JN'icati  and  Eietsch  found  cholera  vibrios  in 


sterilised  distilled  water  after 

,,      Marseilles  canal-water  after 

,,      sea- water 

,,  harbour-water 

,,  bilge-water 


20  days 
38  ,. 
64  „ 

81  „ 
32  ,. 


De  Giaxa  found  cholera  vibrios  in  unsterihsed  sea-water  after  two  to  four 
1  ri  sea-water  the  cholera  vibrios  appeared  to  multiply  and  he 

detected  them  after  several  weeks.  Koch  found  vibrios  alive  after  thirty 
days  existence  in  well-Avater;  but  in  a  canal-water  at  Berlin  he  only  found 
tiiem  up  to  SIX  or  seven  days,  and  when  the  water  was  mixed  with  fsces  the 
vibrios  seenied  to  disappear  after  twenty-seven  hours.  Babes  found  cholera 
Sod  tW  b  7  '^""^^..f^l'l^  Berlin  tap-water.  Wolffhugel  and  Eiedel 
stated  that  cholera  spirilla  did  not  multiply  in  sterilised  water  kept  at  16°  to 
,7  ^-J  unsterihsed  water  kept  at  the  same  temperature  they  found 

wl't  Jv  disappeared  m  a  few  days.  Hueppe,  working  wit^x  sterile  distilled 
watei  containing  common  salt,  found  the  spirilla  alive  after  twenty  to  sixty 
.days;  he  considered  the  presence  of  common  salt  exercised  a  favourable 
nfluence  on  the  vitahty  of  the  spirilla.  Hochstetter  detected  cholera  spirilla 
so^P  .       ^''^"1^"^^^^^^^^  180"  C,  after  392  days;  although  in 

'The  tPT^n.  ^'""Sth  of  time  covered  by  the  experiment! 

tthe  resulf  t"™  ^^'^  experimental  water  is  kept  seems  to  influence 

tempera  ure  ^  ^^^^^f  "^f  the  spirilla  appeared  to  live  longer  at  a 
trtS  usual  V  f  V^^""  ,^  temperature  of  11°  C,  which  corresponds 
to  that  usually  found  in  well-waters.  At  Altona,  however,  Koch  found 
Sr  XTZ^'''''^'''''  disappeared  from  the  w;ter  in  a  ;ell,  but  Ta 
S  f  of  the  same  water  removed  from  the  well  and  kept  at  3°  to  5' C  he 

fmntet  U  "7  'f'  ''g''''^  ^-^-"g  with  a  ve?^ 

Cfon  r  ,n  r'r^TjT^  ^•'"'^^^  cholera  vibrios  at  a%om  tempera^ 

^th  l"  y^^^y-    These  experiments,  which  are  in  harmony 

mith  the  outbreaks  of  cholera  at  Nietleben  and  Altona  in  winter,  sliow  that 
^holera  spiril  a  hye  longer  in  cold  tlian  warm  water ;  probably  because  they 
aare  not  crowded  out  by  the  water-organisms,  which  cannot  multiply  at  a  low 
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temperature.  The  observations  at  Nietleben  also  showed  that  chole^^^ 
vibAos  could  exist  in  ice-cold  water  under  snow  and  ice.  ^f^^^^ 
allowed  water  containing  cholera  vibrios  to  f^■^«^«^  ^^^^^^^^^'y  .^^f^ 
just  as  much  of  the  ice  as  he  required  for  his  experiments  Although  the 
temperature  at  night  fell  to  -  24-8°  C,  living  cholera  spirilla  were  isolated 
f  Z  the  melted^ice-water  up  to  the  fifth  day  "ot %Xa 

remarkable  observations  on  the  influence  of  salt  on  the  growth  of  chok  a 
sXilla.  He  added  spirilla  to  10  c.c.  of  well-water  and  f^^^ated  the 
nmnbe  present  by  mearn  of  plate  cultures.  Various  salts  were  then  added  and 
the  specimens  kept  at  2V  C.  to  22"  C.  The  following  results  were  obtamed  :- 
The  control  plates  showed  the  presence  of  1600  spirilla. 

After  24  hours  there  were  present  in  gpi^iUa 
10  C.C.  of  sterilised  well-water,     .    ^"^^  ^^oob  sodium  cl.loi'ide     9,240  „ 
"  "  "  +1  per  1,000  nitrate     17,600  „ 

:     +l?er  1,000       „  20,940  „ 

+  1  per  1,000       „     carbonate  31,000  „ 
"  "  "  .    +0-6  per  cent.  chloride  and  54,7 ZO  ,, 

"  "  '  and  0  "3  sodium  carbonate 

-I- 1  per  1,000  potassium  chloride  43,320  ,, 
"  "  ■     +1  per  1,000  sodium  nitrate      22,740  _„ 

"  •!■    1    "ii      4.„„     '  91  fi  qnirilla  and  19.300  water-organisms 

unstenhsed  well-water,    .       ^    ^i^J^^P^o^^^^^^^^  10,000  spirilla 

"  "  and  32,400  water-organisms 

.     -t- 1  per  1 ,000  sodium  chloride  and  1  per  1,000 
sodium  sulphide,  28,100  spirilla  and  2,160 

water-organisms. 

These  results  are  of  great  interest  and  -^^-^^^^^^f  jj^^^f^^^^^^^^^^ 
.Mfnlitv  nf  cholera  spirilla  in  some  epidemics,  such  as  at  Hamburg,  may 

The  vitality  of  cholera  spiiiUa  in  water  containing  carbonic  acid  gas  is  an 

the  cholera  spirilla  could  be  isolated  m  a  ^i^  i^   bi  .      j  ^  a 

posure  to  the  influence  of  carbonic  acid  gas,  bu  '^^ei  ^^^^^^^^^^^^ 
single  spirillum  could  be  detected.    The  ^"'^P^f ,  ^^^^^1  ^^Xm^^ 
was  found  to  be  due  to  the  carbonic  acid  gas  and  not  f «  ^he^^^^^^^^^  ^^^^^ 
tion  of  the  water.    In  soda-water  which  had  ^^een  h^^^^^^^^^^^    e'thteenth  day. 
the  carbonic  acid  gas,  cholera  spirilla  ^vere  found  alive  u^^  fJZncl  Z  destroj- 

spirilla  in  the  shortest  time. 

■    SUMMARY  OP  THE  PhOCEDUKK  KBCOMMmDBD  FOB  THK  BaCTBRIOLOGIOA. 

Examination  of  Water. 


of 


A.  Quantitative  analysis :—  ,     ,    ^  clumps 
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present  by  means  of  a  cover-glass  preparation,  and  if  necessary  dilute  the 
specimen  with  sterile  tap-water.  Make  three  gelatine  plates  with  an  amount 
of  the  water  which  will  not  produce  more  than  300  colonies  in  each  plate. 
■As  a  rule  -i-  c.c,  |  c.c,  and  1  c.c.  will  be  foimd  suitable  amounts  for  the 
plates.  Incubate  the  plates  at  22°  C.  for  as  long  as  possible.  Count  the 
colonies  day  by  day  and  record  the  average  number  which  develop  per  c.c. 
B.  Qualitative  analysis  : — 

(1)  If  the  specimen  does  not  contain  many  bacteria,  pump  one  or  two 
litres  through  a  Berkefeld  bougie  and  diffuse  the  deposit  in  5  to  10  c.c.  of 
sterile  water.    Treat  this  as  follows  : — 

(a)  Add  1  c.c.  of  the  deposit  to  15  c.c.  of  sterile  milk,  heat  to  80°  C. 
for  ten  minutes,  cool  and  then  incubate  at  37°  C.  in  a  Buchner 
tube.    Note  if  any  changes  characteristic  of  B.  enteritidis 
sporogenes  are  produced  Avithin  twenty-four  or  thirty-six  hours. 
{h)  Plate  in  carbohc  acid  gelatine  (0-05  per  cent,  carbohc  acid)  from 

0"1  to  1  c.c.  of  the  deposit, 
(c)  Add  from  O'l  to  1  c.c.  of  the  deposit  to  broth  tubes,  containing 
0-05  per  cent,  carbolic  acid,  and  incubate  the  tubes  at  37°  G. 
Plate  out  aU  the  tubes  which  show  any  turbidity  after  twenty- 
four  hours'  incubation. 
{d)  Examine  all  the  plates  for  coliform  and  seAvage  organisms.  Sub- 
culture the  coliform  organisms  in — 

Glucose  gelatine  shake,  for  gas  formation  ; 
Milk,  for  acidity  and  coagidation  ; 
Peptone  water,  for  the  indol-reaction  ; 
and  on  agar,  for  sedimentation  test. 
If  B.  typhoms  be  suspected,  all  the  tests  given  under  the  descriptions 
of  this  organism  must  be  applied. 

(2)  If  the  sample  contains  a  very  large  number  of  micro-organisms, 

f^L  °™  ^  ^  *°  ^  ^^^^^^       ^  ^^^o^  number  of  carbohc  acid 

(0-05  per  cent.)  broth  tubes  (at  least  twelve)  and  plate  out  all  the  tubes 
winch  become  turbid  after  twenty-four  hours'  incubation  at  37°  C.  Examine 
and  subculture  the  colonies  as  under  (1). 

Methods  of  Testing  Water-filters. 

When  examining  filters  as  to  their  powers  of  removing  bacteria  from 
water,  it  is  necessary  to  distinguish  between  the  direct  passage  of  micro- 
organisms through  the  filter,  due  to  some  imperfection  in  the  filtering 
material  or  its  connection  with  the  receptacles,  and  the  indirect  passage 
caused  by  the  growth  of  the  micro-organisms  through  the  walls  of  the 
hitermg  material.  Gruber,  in  1893,  laid  great  stress  on  this  distinction, 
and  pointed  out  that  only  those  bacteria,  such  as  water-organisms,  which 
possessed  the  power  of  multii^lying  in  water,  could  possibly  grow  through 
the  walls  of  a  filter.  Consequently,  it  is  very  improlmble  that  pathogenic 
organisms,  which  under  ordinary  conditions  do  not  multiply  in  water  owing 
to  the  poor  supply  of  nutriment,  will  ever  be  found  in  the  filtrate,  from  a 
bougie  which  directly  arrests  the  passage  of  micro-organisms.  Indeed, 
(xruber  and  hchofer's  experiments  show  distinctly  tliat  a  filtering  material 
which  IS  impervious  to  tlie  direct  passage  of  microbes,  also  prevents  the 
growth  of  pathogenic  organisms  througli  its  walls.  Gruber  and  Scliiifcr, 
however,  pointed  out  that  the  addition  of  a  small  quantity  of  a  brotli  culture 
raised  the  nutritive  power  of  the  water  sufficiently  to  enable  pathogenic 
organisms  to  grow  through  a  filter. 
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Sims  Woodliead  and  Cartwriglit  Wood  repeated  Gruber's  experiments, 
and  found  that  a  filter  which  arrested  the  direct  passage  of  bacteria  also 
prevented  the  appearance  in  the  filtrate  of  S.  cholera  and  B.  typhosus  when 
these  organisms  were  added  in  large  numbers  to  pure  water,  polluted  river- 
water,  or  sewage.  Consequently  when  testing  a  filter  it  is  only  necessary 
to  determine  whether  it  prevents  the  direct  passage  of  micro-organisms. 
This  may  be  done,  in  the  case  of  non-pressure  filters,  by  placing  a  rich 
emulsion  of  some  special  organism,  such  as  the  B.  jprodigiosus,  in  the  water 
to  be  filtered,  and  examining  the  filtrate  for  the  presence  of  this  orgamsm  by 
means  of  plate  cultures.  If  the  special  organism  is  found  in  the  filtrate,  it 
may  be  due  to  defects  in  the  filtering  material  or  the  fittings.  If  the  filtering 
material  is  in  the  form  of  a  bougie,  it  should  be  placed  in  a  vessel  containing 
the  emulsion  of  the  special  organism  and  then  be  connected  to  a  sterde,  partially 
exhausted  flask.  It  is  important  to  feed  the  vessel  containing  the  emulsion 
with  water  from  another  vessel,  so  as  to  prevent  the  bougie  from  becoming 
dry.  The  filtrate  which  gradually  collects  in  the  exhausted  flask  is  examined 
in  the  usual  manner. 

In  the  case  of  pressure  filters,  the  receptacle  for  the  unfiltered  water 
must  be  fiUed  with  the  special  emulsion  and  then  connected  to  a  service 
supply  or  a  tank  raised  sufficiently  to  give  the  required  head.  When  the 
delivery  of  filtered  water  is  very  rapid,  it  is  necessary  to  collect  a  considerable 
amount  of  the  filtrate,  and  especially  during  the  first  few  minutes  of  workmg, 
as  Gruber  has  shown  that  this  is  the  critical  time  of  the  experiment.  1  have 
found  that  under  these  conditions  it  is  best  to  pump  several  Htres  of  the 
filtrate  through  a  Pasteur-Chamberland  bougie  and  diffuse  the  deposit  in 
5  c.c.  of  sterile  water,  the  whole  of  which,  in  graduaUy  increasing  amounts, 
should  then  be  plated  out  in  gelatine.  _  ,    .  * 

The  Hygienic  Value  of  a  Water  Analysis.— During  the  last  tew 
years  the  bacteriological  examination  of  potable  waters  has  assumed  a 
IDOsition  of  great  importance,  equalling,  if  not  surpassing,  tjiat  of  tire 
chemical  examination.  Mac(^  believes  that  the  two  studies  should  com- 
plete one  another,  but  many  other  bacteriologists  claim  an  immense 
superiority  for  the  bacteriological  examination,  as  by  it  alone  can  the 
actual  cause  of  disease  be  discovered.  At  best,  the  indications  given  by 
the  chemical  examination  are  only  relative,  as  the  results  obtamed  by 
chemical  means  cannot  be  correctly  interpreted  except  by  reference  to 
local  standards.  There  is  no  general  standard  which  can  be  fixed  for  all 
waters :  the  source  and  its  immediate  surroundings  must  be  known  before 
a  reliable  opinion  as  to  the  quality  of  the  water  can  be  given.  Also,  it  is 
a  matter  of  common  knowledge  how  quickly  some  ^^'aters  change  after 
collection,  and  this  is  especially  the  case  when  water  is  collected  from  a 
polluted  source.  A  water  containing  large  quanti  les  of  free  ammonia  on 
ioUection,  will  in  a  very  short  time  show  remarkable  changes ;  th« 
ammonia  will  probably  disappear  and  be  converted  by  oxidation  into  nitii  es 
and  nitrates ;  so  that  unless  a  chemical  examination  is  made  ^oon  af  er 
collection,  the  results  obtained  may  lead  to  completely  erroneous  mterpie- 
tations  It  is  now  well  known  tliat  in  most  waters  there  are  two  groups  ot 
micro-organisms  which  may  largely  influence  the  chemical  composition  of 
he  w^te".  In  the  first  group  are  included  the  reducing  micro-organ^ms 
v^^iich  break  up  organic^natter  into  its  chemical  elements  and  reduce 
states  and  niti-ites  to  ammonia;  to  the  second  gi^ou,.  belong  the  oxidising 
micro-orcranisms  which  convert  ammonia  into  nitrites  and  nitrates.  The 
^act  conditions  under  which  these  two  groups  of  micro-organisms  operate 
^rTno  wSed  out  ,t  the  present  time.    The  presence  of  oxygen  is  sup- 
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posed  to  have  au  important  influence,  but  tliere  must  be  other  conditions, 
as  yet  unknown,  which  influence  the  final  result.    We  Iqiow  from  the 
researches  of  Heraeus  that  one  species  in  the  absence  of  nitrates  oxidises  a 
part  of  the  ammonium  salts  to  nitrites ;  but  if  nitrates  are  present  they  are 
reduced  to  nitrites  and  ammonia,  notwithstanding  a  copious  supply  of  air. 
Another  species  oxidises  ammonia  to  nitric  acid  in  the  presence  of  air,  but 
in  the  absence  of  air  reduces  nitric  acid  to  ammonia.    Winogradsky  doubts 
the  existence  of  species  possessing  both  oxidising  and  reducing  powers.  It 
seems  probable  that  Heraeus'  cultures  Avere  impure,  and  that  the  reducing 
and  oxidising  powers  really  belong  to  distinct  groups  of  organisms.  Still 
the  fact  that  a  potable  water  may  undergo  entirely  opposite  chemical  changes 
according  as  one  group  or  the  other  gains  the  ascendency,  shows  how  frail  a 
basis  there  is  for  the  belief  that  the  determination  of  ammonia,  nitrites,  and 
nitrates  wiU  enable  a  reliable  opinion  to  be  given  as  to  "  previous  sewage 
contamination."    At  the  same  time  it  is  certain  that  ammonia  and  nitrites 
are  scarcely  ever  found  to  any  extent  save  in  strongly  polluted  Avaters,  and 
this  is  due  to  the  fact  that  an  excess  of  organic  matter  retards  the  action  of 
the  oxidising  organisms.    Consequently,  if  a  chemical  examination  is  made 
immediately  after  collection  of  the  sample,  it  will  assist  us  in  arriving  at  a 
proper  judgment.    The  quantitative  bacteriological  examination  is  surrounded 
by  fallacies,  and  unless  performed  under  the  strictest  conditions  is  liable  to 
lead  us  seriously  astray.    The  quahtative  bacteriological  examination  is 
undoubtedly  the  most  important  study  from  a  hygienic  point  of  view,  and 
it  seems  probable  that  the  gradually  increasing  knowledge  of  sewage  flora 
will  enable  us  to  form  an  opinion  based  on  a  sure  foundation. 

_  The  following  tables  give  an  approximate  view  of  the  composition  of 
ram  water,  upland  surface  water,  spring  water,  and  deep-well  water,  but  it 
must  be  borne  in  mind  that  they  are  not  submitted  as  standards,  they  are 
merely  types  of  analytical  results. 
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WATER. 


Rain  Water. 


Character  or  Constituents. 

Remarks. 

Physical  characters, 

Colourless;  transparent; 
no  smell ;  taste  palat- 
able ;  well  aerated. 

Chemical  Constituents. 

Centigrammes 
per  litre. 

1.  Chlorine  in  chlorides,  average 

0-63  1 

This  may  be  exceeded  in 
towns  and  reach  a  maxi- 
mum of  1  '65. 

2.  Solids    in    solution ;  total, 
average 

„               ,,  volatile, 
avej'age 

} 
} 

3.  Ammonia,    free    or  saline, 
average, 

,,  albuminoid. 

j-          0"049  1 
•001 

In  the  conntry  the  free 
ammonia  is  usually  not 
more  than  0-002. 

4.  Nitric  acid  (NO3), 

Nitrites  (NO.^),  . 
Nitrogen  as  nitrates  auu  ni- 
trites, .... 

0-031  1 

Nil  or  traces 
I  -007 

This  may  be  exceeded  in 
towns  and  reach  0-187. 

In  towns  may  be  0*044. 

5.  Oxygen  absorbed  by  organic 
matter  within  15  minutes 
by  permanganate  and  acid 

(80°  F.)  

Do.      do.      in  4  hours  at 
80°  F  

\  0-01 
J 

j-  0-035 

6.  Hardness,  total,  . 
,,        fixed,  . 

075 
0-5 

7.  Heavy  metals, 

8.  Reaction  

Nil 

I  Neutral  or  slightly  1 
/        alkaline  1 

In  towns  the  reaction  is 
slightly  acid  from  the 
presence  of  sulphurous 
acid,  etc. 

Microscopic  characters, 

Nil 

In  towns  soot,  etc.,  may 
be  found. 
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A  Peaty  Upland  Surface  Water. 


Character  or  Constituents. 

Kemarks. 

Physical  characters, 

Colour  generally  yellow- 
it;  Vi-hrnwn  *  ^lio'hh  f.nr- 
bidity;  aeration  slight; 
no  marked  taste  or 
odour. 

The   colour  varies  consider- 

/lIiIv  *  it  mav  Tip  frnTYi  ci-ppn 

yellow.or  brown.  Sometimes 
the  water  is  colom-less. 

Centigrammes 
1  in  100,000. 

1.  Chlorine  in  chlorides,  . 

1-13 

2.  Solids  in  solution,  total, 

,,             ,,      volatile,  . 
N.B. — Some    darkening  on 
ignition. 

10 
7 

3.  Ammonia,  free  or  saline, 

,,       albuminoid,  • 

0-0015 

O'Ol  -| 

This  may  be  exceeded  in 
some  waters  from  peaty 
sources. 

4.  Nitric  acid  (NOg)  in  nitrates, 
Nitrous  acid  (NOg)  in  nitrites, 
N.  as  nitrates  and  nitrites,  . 

0-039 

J.1 11  nciL-co 

0-009 

5.  Oxygen  absorbed,  15  minutes, 

80°  F  

Do.     do.     4  hours,  80°  F., 

j-  010 
0  32 

6.  Hardness,  total,  . 
,,        fixed,  . 

5-8 
4-3 

7.  Heavy  metals, 

Nil 

8.  Reaction,     .       ,       .  , 

Distinctly  acid 

Microscopical  characters, 

Vegetable  debris, 
fibres,    cells  and 
minute  forms  of 
vegetable  life 
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WATER. 


Spring  Water  from  the  Chalk. 


O'hfLTsicf.e.T  or  nonsfcituents. 

Kemarks. 

Physical  characters, 

Colourless,    or  bluish 
tint ;    sparkling,  and 
well    aerated ;  no 
smell ;  no  sediment ; 
palatable. 

There  may  be  turbidity,  due  to 
very  fine  mineral  matter. 

Chemical  Constituents. 

Centigrammes 

per  litre. 
1  in  100,000. 

1. 

Chlorine  in  chlorides,  . 

2-5 

2. 

Solids  in  solution :  total, 

vfilaf.ilft 

N.B. — No    blackening  on 
ignition. 

28-2 
6-0 

3. 

Ammonia,  free  and  saline, 
,,  albuminoid, 

0-001 
0-003 

4. 

Nitric  acid  (NOg)  in  niti-ates, 
Nitrous  acid  (NO2)  in  nitrites, 
N.  as  nitrates  and  nitrites,  . 

1-7 

Nil 
0*383 

5. 

Oxygen  absorbed  in  15 
minutes  at  80°  F.,  . 

Do.  do.  in  4  hours  at 
80°  F.,  .... 

j  0-012 
I  0-050 

6. 

Hardness,  total,    .  . 
„      fixed,  . 

18-5 
7-5 

7. 

Heavy  metals, 

Nil 

8. 

Beaction,  .... 

Neutral  or  alkaline 

Microscopical  characters, 

Nil 

A  little  mineral  matter 
and  vegetable  forms 
may  sometimes  be  seen. 
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Deep-Well  Water. 


Character  or  Constituents. 

Kemarks. 

Physical  characters, 

Colourless;  well  aerated; 
no  smell ;  palatable ; 
no  sediment. 

Chemical  Constituents. 

Centigrammes 

per  litre. 
1  in  100,000. 

1.  Chlorine  in  chlorides,  . 

2.  Solids  in  solution  :  total, 

,,            „       volatile,  . 
N.B. — No     blackening  on 
ignition. 

5-11  ■^ 
43-78 

10-00  J 

The  total  solids  may  be 
largely  in  excess  of  this 
number. 

3.  Ammonia,  free  or  saline, 
,,  albuminoid, 

r 

1 

0-012  -{ 

1 

I 

0-003 

The  free  ammonia  is  some- 
times as  high  as  0'02  or 
0-03,  due  to  reduction  of 
nitrates. 

4.  iMinic  acia  ^iNUs;  m  nitrates, 
Nitrites  (NO2),  . 
N.  as  nitrites  and  nitrates,  . 

2-2 

Nil  or  traces  | 
1 

0-495 

Nitrites  are  sometimes 
present  in  considerable 
(quantities,  due  to  re- 
duction of  nitrates. 

5-  Oxygen  absorbed  15  minutes 
at80°F., 

Do.     do       4  bniirs  nt  SO"  17 

1  0-013 
u  u/ 0 

6.  Hardness,  total,  . 
,,       fixed,  . 

25-0 
9-2 

7.  Heavy  metals, 

Nil 

8.  Reaction,  .... 

Neutral  or  alkaline 

Microscopical  characters. 

Nil 
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AIR. 

It  might  be  inferred  from  the  physiological  evidence  of  the  paramount 
importance  of  proper  aeration  of  the  blood,  that  the  breathing  of  air 
rendered  imjDure  from  any  cause  is  hurtful,  and  that  the  highest  degree 
of  health  is  only  possible  when  to  the  other  conditions  is  added  that  of  a 
proper  supply  of  pure  air.  Experience  strengthens  this  inference. 
Statistical  inquiries  on  mortality  prove  beyond  a  doubt  that  of  the  causes 
of  death  which  are  usually  in  action,  impurity  of  the  air  is  the  most 
important.  Individual  observations  confirm  tliis.  No  one  who  has  paid 
any  attention  to  the  condition  of  health,  and  the  recovery  from  disease 
of  those  persons  who  faU  under  his  observation,  can  doubt  that  impurity 
of  the  air  marvellously  affects  the  first,  and  influences,  and  sometimes  even 
regulates,  the  second.  The  average  mortahty  in  this  country  increases 
tolerably  regularly  with  density  of  population.  Density  of  population 
usually  implies  poverty  and  insufficient  food  and  unhealthy  work;  but 
its  main  concomitant  condition  is  impurity  of  air  from  overcrowding, 
deficiency  of  cleanliness,  and  imperfect  removal  of  excreta,  and  when  this 
condition  is  removed  a  very  dense  and  poor  population  may  be  perfectly 
healthy.  The  same  evidence  of  the  effect  of  pure  and  impure  air  on  health 
and  mortality  is  still  more  strikingly  shown  by  horses ;  for  in  that  case 
the  question  is  more  simple,  on  account  of  the  absolute  similarity,  in 
different  periods  or  places,  of  food,  water,  exercise,  and  treatment. 
Formerly,  in  the  French  army,  the  mortality  among  the  horses  was 
enormous.  Rossignol  states  that  previous  to  1836  the  mortality  of  the 
French  cavalry  horses  varied  from  180  to  197  per  1000  per  annum. 
The  enlargement  of  the  stables,  and  the  increased  allowance  of  air,  has 
reduced  the  loss  in  the  present  day  to  24*2  per  1000. 

In  the  English  cavalry  (and  in  English  racing  stables)  the  same  facts 
are  well  known.  The  annual  mortality  of  cavalry  horses  (which  was 
formerly  great)  is  now  (1898)  reduced  to  27-3  per  1000.  Glanders  and 
farcy  have  disappeared  (the  last  case  occurred  at  Hounslow  in  1888),  and 
if  a  case  occurs  it  is  generally  contracted  in  billets. 

The  food,  exercise,  and  general  treatment  being  the  same,  this  result 
has  been  obtained  by  cleanliness,  dryness,  and  the  freest  ventilation.  The 
ventilation  is  threefold — ground  ventilation,  for  drying  the  floors ;  ceiling 
ventilation,  for  discharge  of  foul  air ;  and  supply  of  air  beneath  the  horses' 
noses,  to  dilute  at  once  the  products  of  respiration. 

In  cow-houses  and  kennels  similar  facts  are  well  known ;  disease  and 
health  are  in  the  direct  proportion  of  foul  and  pure  air. 

The  air  may  aftect  health  by  variations  in  the  amount  or  conditions  of 
its  normal  constituents,  by  differences  in  physical  properties,  or  by  the 
presence  of  impurities.    While  the  immense  effect  of  impure  air  cannot 


144 


AIE. 


be  for  a  moment  doubted,  it  is  not  always  easy  to  assign  to  each  impurity 
its  definite  action.  The  inquiry  is,  in  fact,  in  its  infancy ;  it  is  difficult, 
and  demands  a  more  searching  analysis  than  has  been  given,  although  an 
important  commencement  has  been  made  by  means  of  biological  tests. 
When  impure  air  does  not  produce  any  very  striking  disease,  its  injurious 
effects  may  be  overlooked.  The  evidences  of  injury  to  health  from  impure 
air  are  found  in  a  larger  proportion  of  ill-health— i.e.,  of  days  lost  from 
sickness  in  the  year— than  under  other  circumstances ;  an  increase  m  the 
severity  of  many  diseases,  AVhich,  though  not  caused,  are  influenced  by 
impure  air;  and  a  higher  rate  of  mortality,  especiaUy  among  children, 
whose  delicate  frames  always  give  us  the  best  test  of  the  effect  of  food 
and  air.  In  many  cases  accurate  statistical  inquiries  on  a  large  scale  can 
alone  prove  what  may  be  in  reality  a  serious  depreciation  of  pubUc  health. 


THE  COMPOSITION  AND  PHYSICAL  PEOPEKTIES  OE  AIR. 

The  following  may  be  taken  as  the  composition  of  average  air  :— 

Oxygen  2J9-6  per  100  volumes. 

Nitrogen,         .  •    .  *  '  * 

Carbonic  acid  (or  carbon  dioxide),       .          •          •  -4.1,  +  ''  ,4.,„.« 

Watery  vapour  J^^^^'  ^^'^^^  tenipeiatuie. 

Ammonia,        .          •  •  j  i      '     •  j'\ 

Organic  matter  (in  vapour  or  suspended,  orgauisea,  \ 
unorganised,  dead,  or  living),          .  .          •  I 


Ozone,  .  .          •  •  •          •  I 

Salts  of  sodium,  .  •  •          •  •  I 

Other  mineral  substances,       .          •  •         •  / 

Air  when  pure,  is  free  from  colour,  taste,  or  smell,  and  is  not  u 
chemicLl  combination  of  the  different  factors  which  compose  it,  but  a  mere 
mechanical  mixture.  That  such  is  the  case,  is  proved  by  the  facts  that 
the  gases,  of  which  air  is  made  up,  do  not  exist  m  it  in  their,  proper 
combining  proportions,  nor  in  any  multiple  of  these,  and  that  the  relative 
amounts  of  these  gases  in  air  cannot  be  expressed  by  any  chenncal 
formula.  Moreover,  on  mixing  the  gases  of  which  air  is  composed  together 
in  the  same  proportions  as  they  exist  in  air,  there  is  no  manifestation 
either  of  heat,  electricity,  or  change  of  volume,  such  as  would  result  were 
air  a  chemical  compound.  The  mixing  of  these  constitueuts  is  so 
perfect,  that  analyses  of  the  ordinary  outer  air,  in  aU  parts  of  the  woild, 
ive  re  ults  which  vary  but  little  from  the  above  figures.  T^iis  uniformity 
of  composition  is  due  to  the  diffusion  of  gases,  to  changes  of  tempera  uve 
to  the  influence  of  air-currents,  and  also  to  the  reciprocal  action  of  animaL 
and  plants  upon  air;  it  obtains,  however,  only  in  places  wheie  an 
is  free  to  move  in  e^ery  direction,  either  by  the  action  of  difierences 
of  temperature  or  of  winds.  In  inclosed  spaces,  like  courts,  .^vhere  winds 
have  Httle  or  no  action,  and  where  decomposition  of  ^  , 

often  going  on,  various  substances  may  be  added  to  air,  which  hot 
from  their\amount  and  influence  upon  health,  have  to  be  regarded  as 

"""^'iTitTogen,  which  is  the  main  constituent  of  our  atmosphere,  constitutes 
79  per  cent,  of  the  air  by  volume,  and  76-9  per  cent,  by  weight.  It  1. 
/chemical  element  found  evel■y^vhere  in  nature,  particularly  m  the  tissuos 
:  f  aHlals  and  plants,  aiut  is  essential  to  the  existence  « 
of  life.  In  air,  nitrogen  appears  to  act  as  a  diluent  of  the  ox>gen, 
evidently  reducing  its  strength  and  rapidity;  it  is  also  probable  that  it 
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may  serve  to  supply  plants  with  a  certain  amount  of  nourishment  in  the 
form  of  oxides,  which  are  washed  down  out  of  the  air  into  the  soil  after 
storms  of  rain ;  but  on  this  point,  as  yet,  very  little  is  known. 

The  researches  of  Eayleigh  and  Eamsey  indicate  that,  of  what 
hitherto  has  .been  considered  nitrogen  in  the  air,  some  1  per  cent,  is  a 
remarkable  elementary  gas,  termed,  by  these  observers,  argon.  It  is  the 
most  inert  body  known,  and,  so  far  as  has  yet  been  ascertained,  cannot  be 
made  to  combine  with  any  other  body.  Its  atomic  weight  is  apparently 
39-6,  its  density  19-9;  its  freezing  point  is  -  189°-6  C.,  that  of  nitrogen 
being  -214°  C.  Argon  possesses  a  double  spectrum,  in  this  respect ''re- 
sembling nitrogen  and  certain  other  elements. 

Oxygen.— Although  practically  only  constituting  one-fifth  of  the  atmos- 
phere, oxygen  is  the  most  important  component  of  the  air,  being  necessary 
for  the  maintenance  of  every  kind  of  combustion  and  life.  It  exists  in  the 
;iir  m  a  free  state,  and  is  not  chemically  combined  with  the  nitrogen  of  the 
atmosphere,  but  only  mixed  with  it.  The  amount  of  oxygen  in  pure 
mountain  air  is  usually  20-96,  by  volume,  per  cent,  and  23-20  by  weight ; 
while  m  the  air  of  towns  these  figures  may  fall  as  low  as  20-87  and  23-10 
respectively. 

A  modification  of  oxygen  occurs  in  small  traces  in  the  atmosphere,  and 
lis  known  by  the  name  ozone.    This  is  a  gas  considered  to  be  an  aUotropic 
form  of  oxygen,  three  volumes  being  condensed  into  two,  thus,  30„  =  20o 
Jit  IS  believed  to  be  produced  from  the  oxygen  of  the  air,  either  by 
(electrical  currents  generated  during  thunderstorms,  or  by  weak  currents  of 
lli-ictional  electricity  generated  by  the  friction  of  large  masses  of  water, 
ssuch  as  the  sea,  against  the  air,  or  possibly  by  the  evaporation  of  water  in 
tthe  presence  of  sunlight.    By  whatever  process  ozone  may  be  produced,  it 
us  impossible  to  convert  all  the  oxygen  into  ozone,  that  is,  it  cannot  be 
cobtamed  in  a  pure  state,  but  always  contains  admixed  oxygen,  a  mixture 
ccontaining  about  20  per  cent,  of  ozone  to  80  per  cent,  of  oxygen  being 
aabout  the  strongest  that  has  ever  been  made.    As  prepared  in  the  labora 
ttory,  ozone  has  a  specific  gravity  of  24,  and  is  heavier  than  air  :  it  is 
ccharacterised  by  a  special  odour  and  by  having  special  oxidising  powers  •  it 
■as  non-combustible  and  slightly  soluble  in  water.    If  present  in  large 
qquantities,  ozone  proves  fatal  to  animals,  and  in  lesser  amounts  is  an  irritant 
tto  the  eyes,  nose,  and  respiratory  tract.    Owing  to  the  unreliability  of 
methods  for  testing  the  presence  of  this  gas,  some  doubt  has  arisen  whether 
t.tnis  supposed  allotropic  oxygen  really  exists  in  the  free  atmosphere.  Ilosvay's 
eexperiments  indicate  that  many,  if  not  all,  of  what  have  been  supposed  to 
I  be  the  characteristics  of  ozone  in  the  air  are  really  due  to  nitrous  acid. 
Ifrfrm.  .  °^  conspicuous  products  which  result 

nrrom  the  action  of  oxygen  upon  animal  tissues  is  the  carbon  dioxide  thrown 

Zlu^Z      r""^'  '\       P''^'^^''      respiration.    This  gas,  also  known  as 
Wn^  i«  l      .  8^f/^^\«hoke  damp,  is  always  formed  when  carbon  in  any 
voln       '    'Z''-^''"  '"PP^y  It  is  one  of  the  gases  evolved 

Wn^^J  T°''  in  certain  places  from  fissures  in  the  earth,  as  near 
toSoin        '''i,  ^^'^  influence  of  sunlight,  all  plants  which 

Sff  n  ?^"'°P^y^^  have  the  power  of  taking  up  carbonic  acid,  making  use 
Dt  It  m  their  tissues,  and  yielding  oxygen  to  the  air  as  an  excretory  product. 
\i^UrZ^^^  ^-  in  the  proportion  of  these  gases  in  the  atmosphere 

Z  iTnnn"'''?  T"^-  ^P^^^ing  generally,  an  average  of  from  3  to  4  parts 
im  iu,uuu  parts  of  air  may  be  taken  as  the  normal  amount  of  carbon  dioxide 
^n  tne  atmosphere,  but  under  certain  conditions  this  amount  may  vary  con- 
iBiaerably;  it  is  larger  in  the  air  immediately  above  the  gi-ound  than  is 
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found  at  an  elevation  of  8  to  10  feet ;  it  remains  fairly  constant  up  to  1000 
feet  and  then  gradually  diminishes.  The  air  over  the  sea  coutanis  a  much 
smaUer  proportion  of  carbon  dioxide  than  the  air  over  the  land  :  the  mean 
quantity  over  the  ocean  is  O'S  per  thousand.  .onn  o  r, 

Fodor  found  the  CO.,  at  Buda-Pesth,  during  the  years  1877-8-9,  very 
constant  in  quantity,  the  mean  being  0-3886  per  1000  vols     He  gives  the 
limits  as  0*200  to  0-600,  outside  which  cases  occur  very  seldom,  or  depend 
upon  errors  ;  the  seasonal  range  is  lowest  in  winter,  an  increase  m  spring, 
ao^ain  a  diminution  in  summer,  and  the  highest  point  is  reached  m  autumn 
There  is  less  near  the  sea-shore  and  more  in  the  middle  of  the  continent ;  it 
appears  to  increase  in  snow  and  frost,  but  to  diminish  with  ram  thaw^  and 
wind  :  the  north  wind  brings  less  CO^  with  it  than  the  south  Todor 
attributes  the  greatest  influence  on  the  variation  of  carbon  dioxide  m  the 
atmosphere  to  its  rising  from  the  ground  air,  the  CO^  being  always  greater 
at  the  ground  level  than  one  metre  above  it.    Levy  gives  the  mean  carbon 
dioxide  at  the  observatory  of  Montsouris  at  0-302  per  1000  vols  m  a  series 
of  five  years'  observations.    In  Dundee,  Carnelley,  Haldane,  and  Anderson 
found  an  average  of  0-390  and  a  range  of  0-220  to  0-560,-the  mean  of 
day-time  being  0-380  and  night-time  0-410  ;-this  ^vas  ^n  opf  places  ;  in 
cJse  places  at^ight  the  mean  was  0-420.    In  the  fl^^^^^^the  mean  was 
only  0-280,  with  a  range  of  0-180  to  0-350  ;  and  m  the  outskirts  of  Peith 
a  mean  of  0-310,  with  a  range  of  0-290  to  0-350. 

A  tendency  is  noticeable  throughout  the  later  observations  upon  the 
amount  of  carbon  dioxide,  present  in  the  air,  to  record  a  smaller  mean  pro- 
32  than  was  found  by  the  earlier  observers.    Thus  the  earher  results 
Ij  tZZe  and  others  show  a  mean  of  0-485  per  1000  volumes  of  aar 
while  the  mean  of  recorded  analyses  during  the  past  decade  gives  bi^^.  0  324 
per  1000  volumes  of  air.    WliHe  it  is  probable  that  certain  ocal  conditions 
may  play  a  part  in  causing  differences  m  the  proportion  of        f^^nd  m 
different  places,  stiU  it  is  more  probable  that  the  true  explanation  of  these 
discrepancies  is'  the  employment,  in  recent  years,  of  more  accurate  me^^^^^ 
of  analysis  than  were  possible  some  eighty  or  ninety  years  ago,  when  the 
earlier  observations  were  made.  a 
Several  observers  have  found  monthly, .  da  ly  and  1--/^  ^^^^^^^^^^ 
the  proportions  of  this  gas  present  in  the  air,  but  were  not  f  1«  « 
strate  that  these  changes  were  a  constant  accompaniment  of  any  one 
condition      The  following  table,  from   Billings    indicates  the  monthly 
variations  in  the  proportion  of  free  carbon  dioxide  m  the  air  of  diffeient 
pLTes  expressed  as  volumes  of  CO,  in  10,000  volumes  of  air  :- 


Months. 


Montsouris, 
1871-86. 


January, 
February, 
March, 
April, . 
May,  . 
June,  . 
July,  . 
August, 
September, 
October, 
November, 
December, 


Buda-Pesth 
1877-79. 


3-04 
2-97 
2-96 
2-98 

2-  99 

3-  03 
2-99 
2-95 
2-97 
2-90 
2-87 
2-94 


3-72 

3-  65 

4-  08 
3-66 
3-84 
3-87 
3-73 

3-  89 

4-  06 
4-02 
4-03 
4-03 


Florence, 
1879. 


2-92 
2-98 
2-99 

2-  95 

3-  07 
3-59 
3-28 
3-30 
3-20 
3-00 
3-04 
2-99 


Rostock, 
1880-87. 

Dorpat, 
1888-89. 

Orange  Bay, 
Cape  Horn, 
1882-S3. 

3-65 

2-69 

2-55 

3-68 

2-81 

2-71 

3-61 

2-79 

2-55 

3-50 

2-50 

2-54 

3-51 

2-57 

2-65 

3-42 

2-50 

2-50 

3-30 

2-61 

2-75 

3-28 

2-83 

3-34 

2-67 

2-50 

3-54 

2-56 

3-63 

2-72 

2-60 

3-67 

2-50 

2-53 

AMMONIA — SUSPENDED  MATTER — WATERY  VAPOUR. 
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Ammonia, — This,  the  most  conspicuous  of  the  nitrogenous  products  of 
decomposition,  is  always  present  in  the  air,  either  free  or  combined.  Most 
commonly,  it  is  only  present  in  the  minutest  traces  ;  the  proportion  present 
is  at  its  minimum  in  winter,  increasing  in  the  spring,  and  being  highest  in 
summer.  Plant  life  derives  part  of  its  nitrogen  from  this  source.  Thouf^h 
the  presence  of  this  gas  is  largely  influenced  by  local  conditions,  its  mean 
relative  proportion  may  be  stated  to  be  0-03  milligramme  in  one  cubic 
metre  of  air.  Moisture  and  temperature  largely  affect  the  amount  of 
ammonia  present  in  the  air  :  it  diminishes  regularly  with  rainy  weather 
and  a  fall  of  temperature,  and  increases  as  the  temperature  rises  after  rain. 
Fodor  has  shown  that  it  does  not  come  from  the  ground  air,  while  observa- 
tions made  in  this  country  indicate  that  the  more  densely  populated  a  locality 
is,  and  the  greater  the  extent  of  manufacture  going  on,  the  higher  is  the  pro- 
portion of  atmospheric  ammonia.  The  chief  factor  in  causing  irregularities 
m  the  relative  quantity  of  ammonia  in  the  air  is  rain,  as  with  every  shower 
some  of  it  is  washed  from  the  atmosphere,  as  evidenced  by  its  presence  in 
the  collected  rain-water  and  its  diminution  in  amount  present  in  the  air 

Organic  and  Suspended  Matter.— Though  more  often  to  be  regarded  as  an 
impurity,  these  matters  are  rarely  absent  from  normal  air.  For  the  most 
jj  part,  they  are  simple  microscopic  particles  of  inorganic  matter,  existing  as 
'  dust  from  the  earth's  surface,  but  they  may  be  of  organic  origin,  and  as 
•  either  moulds,  yeasts  or  bacteria,  be  not  wanting  in  distinct  biological 
.  characteristics.  The  actual  amount  of  this  suspended  matter  in  normal  air 
•wiU  naturally  depend  upon  local  conditions,  but  it  maybe  generally  accepted 
I  that,  excepting  in  the  air  of  rooms  or  hospitals,  the  organic  and  suspended 
I  matter  m  the  atmosphere  is  chiefly  of  an  innocent  nature. 

Watery  Vapom-  is  always  present  in  air,  the  average  amount  bein"  from 
18  to  10  parts  per  1000  volumes,  but  depending,  as  it  does,  so  much°upon 
I  temperature  and  facilities  existing  for  the  atmosphere  to  take  up  water,  this  is 
1  perhaps  the  most  variable  normal  constituent  of  the  air.  It  is  very  rarely  that 
tthere  is  as  much  vapour  in  the  atmosphere  as  is  possible  for  it  to  hold  •  when 
ssuch  does  exist,  the  air  is  said  to  be  "saturated"  :  and  in  proportion  as  it  is 
imore  or  less  removed  from  the  point  of  saturation,  and  not  in  proportion  to  the 
[precise  amount  of  water  it  contains,  is  air  said  to  be  dry  or  moist  Thus  if 
aair  can  hold  100  parts  of  watery  vapour,  but  actuaUy  holds  only  75  parts'  it 
us  said  to  be  only  three-quarters  moist,  or  to  have  75  per  cent,  of  humidity 

ihe  amount  of  watery  vapour  varies  in  different  countries  greatly,  from 
aabout  30  per  cent,  of  saturation  to  perfect  saturation;  or,  according  to 
^temperature,  from  1  to  11  or  even  12  grains  in  a  cubic  foot  of  air.  Durincr 
tne  rains  m  the  tropics,  that  amount  is  not  unfrequently  exceeded.  The 
.best  ratio  for  health  has  not  been  determined,  but  it  has  been  supposed  it 
tehould  be  from  65  to  75  per  cent. ;  in  many  healthy  climates,  however,  it 
las  much  more,  and  in  some  much  less  than  this. 

.n„l.,   /  following  table  shows  roughly  the  weight  of  watery  vapour  which  a 
tcubic  foot  of  air  can  hold  at  diff-erent  temperatures  :— 


At  10° 
15° 
20° 
25° 
30° 
35° 
40° 
45° 
50° 
55° 
60° 


I'l  grains. 

1-3  „ 

1-6  „ 

1-  8  „ 

I'l  " 

2-  5  „ 

3-  0  „ 

3-  6  „ 

4-  2  „ 

4-  9  „ 

5-  8  .. 


At  65° 
70° 
75° 
80° 
85° 
90° 
95° 
100° 
110° 
120° 
130° 


F. 


6 "8  grains. 

7-9 

9-2 
10-7 
12-4 
14-3 
16-6 
19-1 
25-5 
34-0 
42-6 
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Or  in  another  way,  it  can  be  said  that  a  quantity  of  completely  moist  air 
at  32°  F.  holds  in  suspension  an  amount  of  vapour  ^equal  to  TirTrth  part  ot 
?ts  own  weight,  at  59°  F.  ^t^,  at  86°  F.  ^th,  at  113°  F  J^th,  and  at  140 
F  -Vth     Expressed  mathematically,  it  can  be  said  that  while  the  tcmper- 
aturJ  advances  in  arithmetical  progression,  the  power  of  ^^o  rf  ^ 

vapour  increases  with  the  rapidity  of  a  geometrical  series  having  a  ratio  of 

^''Vien  watery  vapour  mixes  with  dry  air,  the  volume  of  the  latter  is 
increased  •  if  the  weight  of  the  original  volume  of  dry  air  be  known,  it  wiU 
Tfound  that,  for  the^  same  volum^e,  the  addition  of  the  water  vapour  has 
lessened  the  weight,  and  that  the  diminution  m  weight  is  proportionate  to 
Z  aTolt  of  vapour  added.    The  weight  of  a  cubic  foot  of  dry  air  at  50 
F   and  under  a  pressure  of  29-92  inches  of  mercury,  is  546-8  grains,  and 
that  of  a  cubic  foot  of  vapour  at  the  same  temperature  and  same  pressure  is 
4  10  lins  :  the  two  together  should  weigh  550-9  grains  ;  but  owing  to  the 
increase  ki  volume  of  the  air,  which  the  addition  of  water  vapour  causes 
i^Tely  an  increase  from  imity  to  1-0121,  we  find  that  a  cubic  foot  o 
Xt£d  air  at  50°  F.  weighs  only  544-3  grains.    In  o^her  wor^^^^^^^^ 
heavier  than  moist  air,  and  the  diminution  m  weight,  which  foUows  the 
Sfon  o?  watery  vapour,  is  proportionate  to  the  temperature  because  he 
Mgher  re  temperature  of  the  air,  the  greater  is  the  amount  of  vapour  that 

rean?u3r  The  elastic  We  or  tendency  to  escape  from  contammg 

L*s!sr»c;,/e;.;^"rrg^ 

thus  on  the  sea-coast  the  ahsohite  l>"'''''>!'y  °  ,,  'J'  ™XTn  and  con- 
rise  until  ahout  2  p.m.,  when  "  "'^P'f '^^f  Tc^^^^^^  ^events  occurs 
tinnes  until  sunrise  again.    Inland,  the  s»>™  =  '   .  ,,t  f„il 

during  the  winter  months,  but  in  the  ™%  the 

followed  bv  a  rise  between  the  hours  of  4  and  U  P.M.  iii^-i 

?ecZe  o/vapour  is  g^^J™! ouiposition  of  the 

Important  as  arc  the  facts  re  .ating  to  '™ 
air,  still,  when  considered  in  special  '°  The  reason 

of  Ventilation,  the  physical  propert.cs  of  '^^l^Z^'^'^'^tSi^on  is 
t^^C^^  Skr^  in  weight  between  a^acent 
equal  volumes  of  air. 


WEIGHT  OF  AIR. 


Weight  of  Air. — That  air  has  weight  is  shown  by  the  fact  that  if  a  glass 
globe  of  known  capacity  be  taken,  exhausted  of  all  air  by  means  of  an  air- 
pump  and  Aveighed,  its  weight  then  will  be  less  tlian  it  would  be  if  air 
were  allowed  to  enter  it.  If  the  capacity  of  the  globe  be  known,  the 
difference  between  the  two  weights  is  the  weight  of  that  volume  of  air. 
The  weight,  however,  of  a  given  volume  of  air  differs  under  varying  circum- 
stances; We  have  already  seen  how,  if  the  temperature  and  pressure  be 
the  same,  a  cubic  foot  of  air  weighs  heavier  when  dry  than  when  moist. 
Similarly,  if  the  moisture  and  pressure  be  the  same,  it  weighs  more  at  a 
lower  temperature  than  at  a  higher  one,  and  its  weight  increases  with  the 
pressure,  if  the  temperature  and  moisture  be  the  same.  Hence  to  determine 
the  weight  of  a  given  volume  of  air,  by  comparing  it  with  a  standard  fixed 
by  experiment,  we  must  know  not  only  the  proportion  of  contained  watery 
vapour,  but  also  the  temperature  and  pressure. 

Effects  of  Temperature. — Wlien  air,  under  constant  pressure,  is  heated, 
it  expands  or  increases  in  volume  according  to  a  definite  law  (Charles), 
which  is,  that  for  each  degree  of  temperature  added  to  its  heat,  it  expands 
a  certaiu  constant  fraction  of  its  own  volume,  this  fraction  being  known  as 
the  co-efficient  of  expansion.  For  each  degree  Centigrade  from  0°  to  100°, 
this  co-efficient  is  for  air  0-003667  ;  for  each  degree  on  the  Fahrenheit  scale, 
between  32°  and  212°,  it  is  0-002036;  thus,  1  litre  of  air  at  0°  C.  will 
become  1-003667  litre  at  1°  C,  and  1-03667  Htre  at  10°  C. ;  or  at  any  given 
temperature  t,  it  will  become  1 -{- (0-003667^)  Ktre.  In  the  same  way,  1 
cubic  foot  of  air  at  32°  F.  will  be  1-002036  cubic  foot  at  33°  F.,  and  at  any 
given  temperature  t  above  32°  ,F.  its  volume  will  be  found  by  the  formula, 
V=  1  +  (0-002036  X  (;;  -  32)).  To  find,  therefore,  what  the  observed  volume 
of  air  or  gas  v,  at  the  observed  temperature,  f  C.,  would  be  when  reduced 
to  0°  C,  we  have, 

^;°  :  «'  =  1  :  l  +  (0-003667O 
.  1 


V 


l-f(0-003667O' 


Effects  of  Pressure. — Under  varying  conditions  of  pressure,  but  a  con- 
stant temperature,  the  volume  of  a  gas  is  inversely  proportionate  to  the 
pressure  (Hoyle's  law).  If  a  litre  of  gas  at  one  atmosphere  be  subjected  to 
the  pressure  of  two  atmospheres,  its  volume  Avill  be  but  half  a  litre  ;  if  the 
pressure  be  increased  to  four  atmospheres,  the  volume  will  be  reduced  to  one 
quarter  of  a  litre,  and  so  on.  This  can  be  expressed  in  another  way,  thus, 
if  under  a  pressure  of  p  millimetres  or  inches  of  mercury,  the  volume  of 
air  be  y,  its  reduced  volume  z)",  under  normal  conditions  of  760  mm.  or 
29-92  inches  of  mercury,  may  be  found  by  the  following  equation : — 

V  :  ?;"  =  760  :  p 
760 

As  the  temperature  and  pressure  always  exist  together,  both  these  factor^ 
must  be  taken  into  account  in  reducing  volumes  of  air  or  gas  to  standard 
conditions  of  temperature  and  pressure  ;  that  is,  to  0°  C.  or  32°  F.,  and  to 
760  mm.  or  29-92  inches  of  mercury  respectively.  In  actual  practice  it  is 
more  convenient  to  make  these  two  corrections  together,  and  write  a  single 
formula,  thus : — 

v'  .  p 

^  760(1 -J- (0-0036670), 
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V  =  volume  of  air  required  under  normal  conditions  of  temperature  and 

pressure, 
v'  =  observed  volume  of  air, 

p  =  observed  pressure  under  which  the  air  exists. 
An  example  may  make  this  more  evident. 

Example.— k  volume  of  air  at  20°  0.  and  720  mm.  pressure  measures  1000  litres  ; 
what  will  be  its  volume  under  standard  conditions  ? 
Applying  the  formula,  we  get, 

1000x720   oQo«r. 

"°760(l  +  (0-003667  x20))  =882-6  htres. 

Although  Boyle's  law  tells  us  that,  the  temperature  remaining  the  same, 
the  volume  of  a  given  quantity  of  gas  is  inversely  proportional  to  the 
pressure  to  which  it  is  subjected,  still,  as  the  quantity  of  the  gas  remains 
the  same,  its  density  must  obviously  increase  as  its  volume  diminishes; 
therefore,  it  follows  that  for  the  same  temperature,  the  density  of  a  gas,  and 
therefore  its  weight,  is  proportional  to  its  pressure.  By  Charles'  law,  on 
the  other  hand,  though  the  volume  increases  directly  with  temperature,  the 
density  or  weight  varies  inversely.  If  we  remember,  therefore,  that  a  litre 
of  dry  air  at  0°  C.  and  760  mm.  weighs  1-293  grammes,  and  that  density 
varies  inversely  as  absolute  temperature,  and  directly  as  pressure,  it  is 
obvious  that  for  any  volume  v,  at  any  pressure  p,  and  at  any  temperature  t  , 
the  weight  W  will  be  : — 

 1-293  xt)Xj? 

760(1  + (0  003667  xi))' 

Example.— Thns,  1000  litres  of  dry  air  which,  at  0°  C.  and  760  mm.,  weigh  1293 
grammes,  would  only  weigh  1141  grammes  at  20°  C.  and  720  mm.,  because, 

1-293x1000x720  grammes. 
760(1 +  (0-003667  x20)) 

In  the  case  of  a  volume  of  moist  air,  the  calculation  of  the  weight  is  not 
quite  so  simple.  As  this  determination  involves  a  knowledge  of  the  hygro- 
metric  condition  of  the  atmosphere,  and  references  to  tables  of  the  tension 
of  aqueous  vapour,  it  wiU  be  more  conveniently  considered  m  a  subsequent 

'^^^Diffusion  of  Air.— The  diffusibility  of  gases  is  well  known,  being,  accord- 
ing to  the  law  of  Graham,  "inversely  as  the  square  roots  of  the  densities. 
Thus  if  we  take  two  vessels  of  equal  size,  the  one  containing  oxygen  and 
the  other  hydrogen,  and  separate  them  by  means  of  a  porous  plug,  we  shall 
find  diffusion  take  place  in  the  proportion  of  4  parts  of  the  hydrogen  into 
the  oxygen  to  every  1  part  of  the  oxygen  into  ^^^^  ^^^^f  S^^*,  J^^'/^'' 
ratio  of  diffusion  is  explained  by  the  fact  that  the  density  of  the  hydrogen 
is  1  as  compared  with  the  16  of  the  oxygen,  consequently  the  diffusion  force 
is  inversely  as  the  square  roots  of  these  numbers  that  is,  it  is  inversely  as  1 
is  to  4,  or  just  four  times  as  great  in  the  one  which  has  one-sixteenth  the 

"^^Islhisfe'c uUy  of  diffusion,  possessed  by  the  air  and  all  gases  which 
conduces  so  largely  to  the  composition  of  air  being  kept  constant,  and  which 
enaShe  carbon  dioxide  so  freely  formed  in  our  large  towns  and  cities 
bv  combustion  and  respiration,  to  be  rapidly  removed  from  ^^^l^^re  it  is 
formeTto  other  parts,  where  the  processes  of  vegetation  and  sunlight  can 
breTk  it  up  to  Uon  for  the  food  of  plant  life  and  oxygen  for  the  use  o 
men  Apart  from  this,  the  variations  in  density  of  different  masses  of  air 
play  an  important  part  in  the  maintenance  of  ventilation. 
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The  velocity  witli  which  a  mass  of  air,  of  known  density,  diffuses  into  a 
vacuum  is  expressed  by  the  formula,  v  =  J2gh ;  in  which  h  represents  the 
pressure  under  which  the  air  flows,  expressed  in  terms  of  the  height  of  a 
column  of  air,  which  would  exert  the  same  pressure  as  does  the  effluent  air. 
Thus,  if  air,  under  standard  pressure,  were  to  flow  into  a  vacuum,  this 
pressure  or  h  is  equal  to  that  exerted  by  a  column  of  air  capable  of  counter- 
poising the  weight  of  a  column  of  mercury  760  mm.  high.  As  mercury  is 
about  10,500  times  denser  than  air,  the  equivalent  column  of  air  would  be 
10,500  X  760  =  7980  metres.  In  the  formula,  represents  the  accelerative 
force  of  gravity  per  second,  being  in  these  latitudes  32  feet  or  9*8  metres. 
The  velocity,  then,  with  which  air,  under  ordinary  pressure,  would  flow  into 
a  vacuum  would  be,  w  =  ^2  x  9'8  x  7980  =  395'5  metres  per  second.  This, 
however,  would  only  be  in  the  first  second  of  time,  and  owing  to  a  gradual 
accumulation  in  the  vacuum,  a  gradual  diminution  in  the  difi'erence  of 
pressure  between  the  inside  and  outside  of  the  vacuum  would  ensue  for 
each  succeeding  second.  Hence,  if  during  the  act  of  diffusion  the  pressure 
in  both  spaces  be  noted  at  certain  intervals  and  be  expressed  by  h,  h',  the 
velocity  of  difi'usion  at  each  of  these  periods  would  be  more  correctly 
calculated  from  the  formula : — 

V  =  J2  X  g  x  {h  -  h'). 

In  actual  practice,  the  chief  cause  of  the  alterations  in  the  relative 
densities  of  the  two  masses  of  air,  and  consequently  of  their  motion,  is  the 
elevation  in  the  temperature  of  one  body  of  air  over  that  of  the  other ;  hence, 
to  determine  the  velocity  with  which  one  diffuses  into  or  rushes  to  occupy 
the  space  of  the  other,  we  must  further  modify  the  formula,  thus : — 

v  =  J2xgx{h-h')x{t- 1')  x  a, 

in  wliich  t  is  the  temperature  of  the  warmer  volume  and  t'  that  of  the  colder 
volume  of  air ;  while  a  is  the  co-efficient  for  expansion  of  gases. 

As  we  shall  see,  later  on,  this  formula  is  purely  theoretical,  and  needs  to 
be  only  employed  after  certain  corrections  for  friction,  curves,  and  changes 
in  size  or  shape  of  openings  have  been  applied. 

Besides  the  difi'usion  and  movement  of  adjacent  volumes  of  air,  caused  by 
different  densities,  there  is  a  constant  tendency  towards  difi'usion  between 
similar  bodies  of  air,  even  though  apparently  separated  one  from  the  other. 
In  this  case,  the  current  occurs,  not  through  free  openings,  like  doors, 
windows,  or  shafts,  but  through  the  capillary  pores  of  the  separating 
medium ;  and  may  be  from  the  cooler  and  denser  toward  the  warmer  and 
rarer  body,  or  vice  versa. 

IMPURITIES  IN  AIR. 

A  vast  number  of  substances,  vapours,  gases  or  solid  particles  continually 
pass  into  the  atmosphere.  Many  of  these  substances  can  be  detected  neither 
by  smell  nor  taste,  and  are  inhaled  without  any  knowledge  on  the  part  of 
those  who  breathe  them.  Others  are  smelt  or  tasted  at  first;  but  in  a 
short  time,  if  the  substance  remains  in  the  atmosphere,  the  nerves  lose 
their  delicacy ;  so  that,  in  many  cases,  no  warning,  and  in  other  instances 
slight  warning  only,  is  given  by  the  senses  of  these  atmospheric  impurities. 

As  if  to  compensate  for  this,  a  constant  series  of  processes  occur  in  the 
atmosphere  or  on  the  earth,  which  keep  the  air  in  a  state  of  purity. 
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Gases  diffuse,  and  are  can'ied  away  by  winds,  and  thus  become  so  diluted 
as  to  be  innocuous ;  or  are  decomposed  if  compound,  or  are  washed  down 
by  rainj  solid  substances  lifted  into  the  air  by  winds,  or  by  ascensional 
force  of  evaporation,  fall  by  their  own  weight ;  or  if  organic,  are  oxidised 
into  simple  compounds,  such  as  water,  carbon  dioxide,  nitric  acid,  and 
ammonia ;  or  dry  and  break  up  into  impalpable  particles,  which  are  -washed 
down  by  rain.  Diffusion,  dilution  by  winds,  oxidation,  and  the  fall  of  rain, 
are  the  great  purifiers ;  and,  in  addition,  there  is  the  wonderful  laboratory 
of  the  vegetable  world,  which  keeps  the  carbon  dioxide  of  the  atmosphere 
within  certain  limits.  If  it  were  not  for  these  counterbalancing  agencies, 
the  atmosphere  would  soon  become  too  impure  for  the  human  race.  As  it 
is,  it  is  wonderful  how  soon  the  immense  impurity,  which  daily  passes  into 
the  air,  is  removed,  except  Avhen  the  perverse  ingenuity  of  man  opposes 
some  obstacle,  or  makes  too  great  a  demand  even  upon  the  purifying  powers 
of  Nature. 

The  air  passing  into  the  lungs  in  the  necessary  and  automatic  process  of 
respiration  is  drawn  successively  through  the  mouth  and  nose,  the  fauces, 
and  the  air-tubes.  It  may  consist,  according  to  circumstances,  of  matters 
perfectly  gaseous  (as  in  pure  air),  or  of  a  mixture  of  gases  and  solid  particles, 
mineral  or  organic,  which  have  passed  into  the  atmosphere. 

The  truly  gaseous  substances  will  doubtless  enter  the  passages  of  the 
lungs,  and  Avill  meet  there  with  the  delicate  tufts  of  blood-vessels,  through 
which  the  blood  flows  with  great  velocity,  and  from  Avhich  they  are  sepa- 
rated only  by  a  most  delicate  epithelium ;  there  the  gases  will  be  absorbed, 
and  if,  as  has  been  calculated,  the  surface  of  the  air-cells  is  as  much  as  from 
10  to  20  square  feet,  we  can  well  understand  the  ease  and  rapidity  with 
which  gaseous  substances  will  enter  the  blood. 

The  solid  particles  or  molecules  entering  with  the  air  may  lodge  in  the 
mouth  or  nose,  or  may  pass  into  the  lungs,  and  there  decompose,  if  of 
destructible  nature ;  or  may  dissolve  or  break  down  if  of  mineral  formation  ; 
or  may  remain  as  sources  of  irritation  until  dislodged ;  or  perhaps  become 
covered  over  with  epithelium  like  the  particles  of  carbon  in  the  miner's  lung, 
or  may  pass  into  the  epithelium,  and  enter  the  body  through  the  lymphatics. 

If  such  particles  lodge  in  the  mouth  or  nose  they  may  be  swallowed,  and 
pass  into  the  alimentary  canal,  and  it  is  even  more  probable  that  this  should 
be  the  case  with  all  except  the  lightest  and  most  finely  divided  substances, 
than  that  they  should  pass  into  the  lungs.  Although  incapable  of  present 
proof,  there  is  some  reason  to  think  that  some  of  the  specific  poisons,  which 
float  about  in  an  impure  atmosphere,  such  as  those  which  arise  from  enteric 
or  cholera  evacuations,  may  produce  their  first  effects,  not  on  the  lungs 
or  blood,  but  on  the  alimentary  mucous  membrane,  Avith  which  they  are 
brought  into  contact  when  swallowed. 

Though  no  very  precise  classification  can  be  made  of  the  various  im- 
purities which  vitiate  the  air,  for  practical  purposes  it  is  convenient  to 
divide  them  into  (1)  Suspended  matters;  (2)  Gaseous  and  other  oflfensive 
substances  yielded  by  factories,  workshops,  mines,  sewers,  marshes,  and 
cemeteries;  (3)  Products  from  combustion  or  artificial  lighting;  (4) 
Products  from  respiration  and  perspiration. 

Suspended  Matters.— An  immense  number  of  substances,  organic  or 
inorganic,  may  be  suspended  in  the  atmosphere.  From  the  soil  the  winds 
lift  silica,  finely  powdered  silicate  of  aluminum,  carbonate  and  phosphate  of 
calcium,  and  peroxide  of  iron.  Volcanoes  throw  up  fine  particles  of  carbon, 
sand,  and  dried  mud,  which,  passing  into  the  higher  regions,  may  be  carried 
over  hundreds  or  even  thousands  of  miles. 
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The  animal  kingdom  is  represented  by  the  debris  of  the  perished 
creatures  which  have  lived  in  the  atmosphere,  and  also  it  would  appear  that 
tlie  ascensional  force  of  evaporation  wHl  lift  even  animals  of  some  magnitude 
from  the  surface  of  marsh  water. 

From  the  vegetable  world  pass  up  seeds  and  debris  of  vegetation,  pollen, 
spores  of  moulds  and  bacteria,  as  well  as  innumerable  volatile  substances  or 
odoui's. 

From  the  sea  the  wind  lifts  spray,  and  the  chloride  of  sodium  becoming 
dried  is  so  diffused  through  the  atmosphere  that  it  is  difficult,  on  spectrum 
analysis,  to  find  a  spectrum  without  the  yellow  line  of  sodium. 

The  works  and  habitations  of  man,  however,  furnish  matters  probably 
of  much  greater  importance  from  a  hygienic  point  of  view. 

In  the  external  air,  the  suspended  matters  are  partly  mineral,  partly 
organic.  The  mineral  matters  consist  largely  of  sdica,  iron,  chalk,  clay, 
soot,  salt,  &c.  As  rain  not  only  prevents  such  particles  being  lifted  by  the 
wiad,  but  also  washes  suspended  matters  out  of  the  air,  it  naturally  follows 
that  there  are  more  present  in  the  atmosphere  during  dry  weather.  The 
organic  suspended  matters  are  principally  pollen,  algae,  fragments  of  wood, 
hair,  straw,  stable  manure,  debris  of  insects,  &c.  In  warm  climates 
diatoms  may  be  found ;  while  in  the  large  manufacturing  towns  of  this  and 
other  countries  the  air  is  often  laden  with  soot  and  dust  of  organic  orio-in, 
which  floats  in  considerable  quantities  near  the  ground  surface.  Even  in 
country  districts  the  suspended  matters  are  not  inconsiderable  in  the  outer 
air,  such  substances  as  epidermis  of  hay,  fragments  of  wood,  linen  and  cotton 
fibres,  feathers,  carbon,  mineral  grains,  and  epithelium  having  been  collected. 

The  number  of  bacteria  in  the  external  air  depends  largely  upon  local 
conditions,  particularly  whether  there  is  moisture,  nutritive  material,  and  a 
suitable  degree  of  Avarmth  (at  least  60*  F.).  They  seem  to  be  chiefly 
derived  from  the  soil  surface  by  the  agencies  of  wind  and  traffic  move- 
ments :  this  explains  why  they  are  so  numerous  in  towns,  but  comparatively 
scarce  in  high  mountains,  over  desert  plains,  or  on  the  sea.  It  is  not  known 
definitely  how  far  bacteria  can  be  carried  by  wind,  but  as  dust  can  be  con- 
veyed to  an  almost  indefinite  distance,  it  is  not  unnatural  to  presume  that 
bacteria  may  also  be  carried  over  considerable  distances,  particularly  if 
adhering  to  dust  particles.  Fischer  states  that  he  could  find  no  bacteria  in 
the  air  at  a  greater  distance  than  120  miles  from  land.  Dry  winds  and 
drought  appear  to  favour  an  increase  of  bacteria  in  air,  while  moisture 
lessens  them.  These  results  are  possibly  due  partly  to  an  increased  dis- 
persion of  micro-organisms  from  the  soil  in  dry  weather,  and  partly  to  a 
condensation  and  sinking  of  dust  by  aqueous  vapour  which  washes  the 
air  and  brings  back  the  greater  number  of  bacteria  to  the  earth.  All 
observations  show  that  in  the  outer  air  the  pathogenic  bacteria  are  com- 
paratively few  as  compared  with  the  saprophytic.  As  a  mean  of  six  years' 
observations,  Miquel  found  at  Montsouris  450  micro-organisms  per  cubic 
metre  of  air ;  in  Paris  streets  the  average  number  was  900.  In  the  Dundqe 
experiments  of  Carnelley,  Haldane,  and  Anderson,  the  average  number  of 
organisms  was  less  than  one  per  litre  of  air;  the  proportion  of  moulds  to 
bacteria  being  as  1  to  3. 

The  present  state  of  our  knowledge  goes  to  show  that  in  the  open  air 
the  dilution  of  bacteria  is  so  great,  and  the  number  of  patliogenic  forms  so 
small,  that  no  danger  is  to  be  feared  from  them  unless  they  originate  from 
local  sources  of  impurity. 

Rooms  inhahited  hy  Healthy  Persons.~ln  all  inliabited  rooms  which 
are  not  perfectly  ventilated,  the  presence  of  scaly  epithelium,  single  and 
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tesselated  ;  round  cells  like  nuclei,  portions  of  fibres  (cotton,  linen,  wool), 
portions  of  wood,  bits  of  human  hair,  wood,  and  coal,  can  be  found  in  addi- 
tion to  the  bodies  which  are  present  in  the  external  air,  though  mineral 
matters  and  vegetable  matters  are  not  so  plentiful,  as  the  comparative  still- 
ness of  the  air  allows  them  to  fall.  Carnelley,  Haldane,  and  Anderson  show 
that  there  is  an  enormous  increase  of  bacteria  in  crowded  and  ill-ventilated 
rooms,  whilst  the  moulds  do  not  increase  to  the  same  extent.  When  the 
moulds  and  bacteria  in  the  external  air  were  as  2  to  6,  in  houses  of  four 
rooms  and  upwards  they  were  as  4  to  85,  in  two-roomed  houses  as  22  to 
430,  and  in  one-roomed  houses  as  12  to  580.  These  are  the  actual  numbers 
found  per  10  litres  of  air. 

In  some  cases  articles  of  furniture  may  furnish  certain  substances ;  the 
flock  wall-papers,  coloured  green  by  arsenical  preparations,  give  off  httle 
particles  of  arsenical  dust  into  the  room ;  and  it  has  been  show  by  Fleclc 
that  the  arsenious  acid  in  the  Schweinfiirth  green,  when  in  contact  with 
moist  organic  substances,  and  especiaUy  paste  or  size,  forms  arsemuretted 
hydrogen,  which  diffuses  in  the  room,  and  is  no  doubt  the  cause  of  some  of 
the  cases  of  arsenical  poisoning  from  green  papers. 

Sick  Rooms.— In  addition  to  being  vitiated  by  respiration,  the  air  of 
sick  rooms  is  contaminated  by  the  abundant  exlialations  from  the  bodies  of 
the  inmates,  and  by  the  effluvia  from  discharged  excretions.  The  amount 
of  or<^anic  matter  is  Icnown  to  be  large,  but  it  is  difficult  at  present  to  give 
a  quantitative  statement.  The  peculiar  smeU  of  a  hospital  is  indeed  very 
remarkable,  and  its  similarity  in  hospitals  of  different  kinds  seems  to  show 
that  the  odorous  substance  has  a  similar  composition  m  many  cases,  ihe 
reaction  of  ozone  is  never  given  in  such  an  atmosphere.  _ 

The  scaly  and  small  round  epitheUa  found  in  most  rooms  are  m  large 
Quantity  in  hospital  wards;  and  probably,  in  cases  where  there  is  much 
expectoration  or  exposure  of  pus  or  puriform  fluids  to  the  air,  the  quantity 

would  be  still  larger.  _     ,     -r,     ,  -r  ^  n 

In  the  well-ventilated  wards  of  the  Dundee  Eoyal  Infirmary,  CarneUey, 
Haldane,  and  Anderson  found  a  very  small  number  of  micro-organisms. 

Considering  that  the  pleuro-pneumonia  of  cattle  is  probably  propagated 
through  the  pus  and  epithelium  cells  of  the  sputa  passing  into  the  air  ceUs  ot 
other  cattle  :  that  even  in  man  there  is  evidence  of  a  pneunionic  or  phtliisicai 
disease  being  contagious,  the  presence  in  the  air  of  these  cells,  which  possibly 
may  contain  the  tubercle  Bacillus  or  its  spores,  is  worthy  of  all  at  entim  ; 

The  strong  evidence  adduced  by  Ransome  and  others  shows  that  tuber- 
culosis attaches  itself  to  particular  small  localities  ;  while  Cornet  Wemon^ 
strated  the  bacilH  to  be  present  not  only  m  the  air  and  dust  but  also  on  e 
walls  of  rooms  occupied  by  phthisical  persons.  The  orgamsm  cans  ng 
erysipelatous  inflammation  has  also  been  found  in  the  air  and  m  the  dust 
from  beneath  the  floor  of  a  room  occupied  by  persons  suffering  from  ery- 
sipelas   In  smaU-pox  wards  BakeweU  also  found  unequivocal  evidence  of 

^"^teX;ri^-^^^^^^^^  of  steel  and  iron,  and 

stones  :  making  metalUc  and  pearl  buttons;  melting  zinc;  meltmg  solder 
cardSg  and  spinning  textile  fabrics  of  all  kinds;  grinding  paint  ;  mak mg 
cement,  and  in  fact\lmost  innumerable  trades  cause  more  or  less  dust, 
derived  from  the  fabrics  and  materials,  to  pass  into  the  air.  _ 

S  gerson  found  a  black  dust  composed  of  carbon,  iron  and  a.h  in  meta 
shoDS     In  the  air  of  a  printing  ofiice  there  was  enough  antimony  to  be 
chemically  detected.    In  the  air  of  stables  were  equine  hairs,  epithelium, 
moth-cells,  ovules,  and  various  fungi. 
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In  addition  to  these  suspended  matters,  which  vary  with  the  kind  of 
work,  the  air  of  workshops  is  largely  contaminated  by  respiration  and  by 
the  combustion  of  gas. 

In  mines  the  suspended  matters  are  made  up  of  the  particles  of  the  par- 
ticular substance  wliich  is  being  worked,  or  of  rock  excavated  to  obtain 
metals,  of  sooty  matters  from  lamps  and  candles,' and  of  substances  derived 
from  blasting. 

It  is  noticeable  that  in  all  these  cases  it  is  the  solid  inorganic  suspended 
matters  of  the  air,  consisting  of  dust  of  various  kinds,  which  are  so  injurious 
to  health :  as  a  rule,  these  are  only  so  by  virtue  of  their  mechanical  irritat- 

:  ing  influences  upon  the  mucous  membranes,  particularly  the  lungs.  It  is 
their  physical  conditions  as  to  rougliness,  angularity  or  smoothness,  rather 
than  their  mere  nature,  which  influences  their  power  for  evil;  though 

;  possibly  in  some  cases  they  may  also  serve  as  vehicles  for  conveying  specific 

:  infective  disease  factors,  more  especially  that  of  tubercle. 

Offensive  Gases  from  Trades. — In  the  neighbourhood  of  certain  factories 
or  industries  more  or  less  dangerous  and  ofi'ensive  gases  are  frequently  to 
be  found  polluting  the  air.  In  some  instances  these  impurities  have  only 
the  efi'ect  of  diluting  the  oxygen  in  the  air,  being  themselves  physiologically 
harmless.  Examples  of  this  exist  in  the  excess  of  hydrogen  and  choke- 
damp  in  mines,  which  appear  to  do  more  harm  by  lessening  the  atmospheric 
oxygen  for  respiration  than  by  any  special  power  of  their  own.  In  other 
cases,  Avhere  many  chemical  agents  are  used,  extremely  noxious  gases  are 
frequently  emitted  into  the  air.  The  gaseous  waste  products  of  the  chief 
industries  are  as  foUows : — 

Hydrochloric  acid  gas,  from  alkali  works. 

Sulphur  dioxide  and  sulphuric  acid,  from  copper  works — bleaching. 
Hydrogen  sulphide,  from  several  chemical  works,  especially  those  producing  ammonia. 
Carbon  dioxide,  carbon  monoxide,  and  hydrogen  sulphide,  from  brick-fields  and 
cement-works. 

Carbon  monoxide,  from  iron  furnaces,  may  amount  to  from  22  to  25  per  cent.,  from 
'  copper  furnaces,  15  to  19  per  cent. 

Organic  vapours,  from  glue  refiners,  bone-burners,  slaughter-houses,  knackeries. 
Zinc  fumes,  from  brassfounders. 
Arsenical  fumes,  from  copper  smelting. 
Phosphoric  fumes,  from  manufacture  of  matches. 
Carbon  disulphide,  from  some  india-rubber  works. 

The  majority  of  the  gaseous  products  from  industries  are  both  irrespirable 
i  and  offensive,  the  more  markedly  hurtful  being  the  vapours  of  clilorine, 
i  iodine,  bromine,  arsenic  and  phosphorus,  with  carbon  monoxide,  sulphuretted 
'  hydrogen  and  the  compounds  of  carbon  and  sulphuric  acid.    It  is  true  that, 
unless  favoured  by  particular  conditions  of  wind  and  weather,  in  most 
instances  the  presence  of  these  gases  is  not  noticed  by  anyone  outside  the 
factories  in  which  they  are  produced ;  still  the  majority  are  so  irritating  as 
t  to  constitute,  if  present  in  any  appreciable  quantity,  very  serious  atmospheric 
I  impurities. 

^  }^  Mines. — In  the  metalliferous  mines  the  air,  according  to  Angus 

!  Smith  is  poor  in  oxygen  (205  per  1000  sometimes)  and  very  rich  in  carbon 
I  dioxide  (7-85  per  1000  volumes  on  a  mean  of  many  experiments).  It  also 
t  contains  organic  matter,  giving,  when  burnt,  the  smell  of  burnt  feathers,  in 
1  uncertain  amount.  These  impurities  arise  from  respiration,  combustion  from 
lights,  and  from  gunpowder  blasting.  This  latter  process  adds  to  the  air, 
1  in  addition  to  carbon  dioxide,  carbon  monoxide,  hydrogen  and  hydrogen 
i  sulphide,  various  solid  particles,  consisting  of  suspended  salts,  which  may 
;  amount  to  as  much  as  6  or  7  milligrammes  in  each  cubic  metre  of  air.  These 
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suspended- substances  are  principally  potassium  sulphate,  carbonate,  hyposul- 
phite, sulphide,  sulphocyanide,  and  nitrate,  carbon,  sulphur,  and  ammonium 
s'esquicarbonate.  Much  of  this  may  be  avoided  hy  the  process  of  getting 
coal  by  means  of  compressed  quicklime,  which  is  slaked  in  holes  drilled  in 
the  coal. 

Nasmyth's  investigations  upon  the  air  of  coal  mines  show  that  the  average 
amount  of  carbon  dioxide  present  in  moderately  deep  mines  is  1-81  per  1000, 
and  in  deep  mines  of  over  100  fathoms,  2-19  per  1000 ;  the  oxygen  in  deep 
mines  was  204  vols,  per  1000  ;  and  the  amount  of  oxygen  required  to 
oxidise  oxidisable  matter,  both  in  the  deep  and  moderately  deep  mines,  was 
30  vols,  per  million.  In  shallow  pits  the  air  at  the  bottom  of  the  downcast 
shaft  appears  to  be  very  good  indeed,  but  in  the  deeper  pits  the  air  samples 
were  never  as  good  as  obtained  from  shallow  ones.  The  oxidisable  matter 
seems  to  vary,  but  the  methods  available  for  this  determination  explain  the 
differences  in  the  different  results.  Although  micrococci  and  bacteria,  as 
well  as  yeasts  and  moulds,  were  readily  demonstrated  as  being  present  in 
large  numbers  in  the  air  of  all  mines,  still  the  micro-organisms  do  not  seem 
to  follow  any  fixed  rule,  as  in  one  very  bad  sample  of  air,  as  regards  carbon 
dioxide,  there  were  none,  while  the  same  air  soon  after  yielded  twenty 
colonies  per  litre.  In  mines,  stagnation  of  air  and  high  temperature  are 
favourable  circumstances  for  their  growth,  but  the  presence  of  men  and 
horses  are  more  potent  factors. 

The  relative  humidity  of  the  air  in  mines  varies  from  85  to  95  per  cent. : 
practically,  ,  it  is  nearly  always  saturated.  This  excessive  humidity  is  cer- 
tainly not  desirable  from  a  sanitary  point  of  view,  but  there  is  no  evidence 
that  it  conduces  to  bad  health  among  the  miners.  The  temperature  of  mme 
air  is  wonderfully  uniform,  there  being  neither  the  great  vicissitudes  of 
temperature  as  above  ground  nor  the  frosts. 

1  Haldane's  inquiries  into  the  cause  of  death  in  mines  after  explosions  show 
that  death  chiefly  results  from  suffocation  due  to  the  deficiency  of  oxygen, 
which  becomes  displaced  by  the  products  of  the  explosion,  i.e.,  after-damp. 
Suffocation  by  deficiency  of  oxygen  occurs  when  the  respired  air  contams 
less' than  8  per  cent,  of  oxygen,  being  ushered  in  by  an  extremely  sudden 
attack  of  muscular  paralysis,  so  that  there  is  Httle  warning  of  the  danger 
when  air  is  inspired  deficient  in  oxygen,  and  httle  chance  of  escape  owing 
to  the  muscular  failm^e.  Suffocation  through  excess  of  carbon  dioxide  is 
quite  different,  as  it  is  preceded  by  gradual  respiratory  distress  m  which  the 
neuro-muscular  system  is  aroused  to  greater  activity.  In  mines,  after  ex- 
plosions, in  addition  to  the  deficiency  of  oxygen,  danger  exists  from  the 
after-damp  containing  often  at  least  two  noxious  gases  in  fatal  quantities, 
these  being  carbon  monoxide  and  hydrogen  sulphide. 

Black-damp,  sometimes  also  caUed  choke-damp,  is  one  of  the  gases  of  ten 
found  in  coal  mines.  It  is  distinguished  from  fire-damp  by  the  fact  that  it 
is  not  explosive  when  mixed  Avith  air,  but  extinguishes  fire,  and  from  after- 
damp by  the  fact  that  it  is  not  the  product  of  an  explosion,  but  collects  in  the 
workings  under  ordinary  conditions.  Like  fire-damp  and  after-damp,  it  pro- 
duces fatal  effects  when  inhaled  in  sufficient  concentration.  Haldane  s  obser- 
-vationsshow  that  undiluted  black-damp  consists  of  nitrogen  contaimng  a 
•seventh  of  its  volume  of  carbonic  acid.  A  mixture  of  about  16  per  cent,  ot 
•black-damp  and  84  per  cent,  of  air  extinguislies  lights,  whereas  a  mixture  of 
about  60  per  cent,  of  the  black-damp  and  40  per  cent,  of  air  are  requu:ed  to 
•produce  immediate  danger  to  life.  Black-damp  is  the  residual  gas  left  on 
•slow  oxidation  of  the  carbon  and  hydrogen  of  coal  by  air.  .  Its  dangerous 
■  physiological  action  is  due  to  deficiency  of  oxygen,  not  to  excess  of  carbonic 
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acid.  The  effect  first  appreciable  when  increasing  proportions  of  black-damp 
are  breathed  is  due,  however,  to  carbonic  acid  alone. 

Air  of  Sewers. — The  air  of  cesspools,  and  especially  of  the  cemented  pits, 
Avhich  are  still  common  in  many  continental  towns,  and  which  receive  little 
beyond  the  solid  and  liquid  excreta  and  some  of  the  house  water,  is  generally 
highly  impure.  Levy  refers  to  an  extreme  case,  in  which  the  oxygen  was 
lessened  to  20  per  1000,  the  nitrogen  being  940  and  the  carbon  dioxide  40. 
In  this  case  apparently  no  other  gases  were  present ;  but  in  most  instances 
There  is  a  variable  amount  of  hydrogen  sulphide,  ammonium  sulphide, 
nitrogen,  carbon  dioxide,  and  carburetted  hydrogen,  in  addition  to  foetid 
organic  matter.  This  organic  matter  is  in  large  amount ;  62  feet  of  the 
air  of  a  cesspool  destroyed,  in  Angus  Smith's  experiments,  as,  much  potassium 
permanganate  as  176,000  cubic  feet  of  pure  air,  though  perhaps  some  hydrogen 
sulphide  may  have  been  also  present. 

In  sewers  the  products  of  decomposition  are  variable,  as  not  only  solid 
and  liquid  excreta  and  house  water,  but  the  washings  and  debris  of  the 
streets,  the  refuse  of  trades,  &c.,  pass  into  the  sewers.    As  a  rule,  the 
products  of  decomposition  of  sewage  appear  to  be  much  the  same  as 
noted  above — viz.,  foetid   organic   matters,  carbo-ammoniacal  substances 
I  condensing  with  the  water  of  the  air  on  the  cold  walls,  carbon  dioxide, 
:  nitrogen,  and  hydrogen  sulphide.    The  combinations  of  these  gases  are  vari- 
:able;  the  most  common  are  carbon  dioxide  and  nitrogen;  marsh  gas  is 
:  found  when  oxidation  is  impeded,  and  hydrogen  sulphide  and  ammonium 
1  sulphide,  which  form  in  the  sewage  in  most  cases,  are  liberated  from  time  to 
time.    The  gases,  however,  are,  as  a  rule,  of  far  less  importance  than  the 
fcBtid  organic  matters,  the  exact  nature  of  which  it  would  be  most  desirable 
to  examine  more  thoroughly. 

The  organic  vapour  is  carbo-ammoniacal ;  the  putrid  substance  in  the 
sewage  appears,  from  Odling's  observations,  to  consist  largely  of  amines. 

The  composition  of  sewer  air  will,  of  course,  vary  infinitely  with  the 
amount  of  gases  disengaged  and  the  degree  of  ventilation  in  the  sewer.  The 
quantity  of  oxygen  is  sometimes  in  normal  amount ;  it  may,  however,  be 
diminished  in  very  badly  constructed  sewers.  Parent-Duchatelet  gave  an 
analysis  of  the  air  of  a  clioked  sewer  in  Paris,  which  contained  only  137-9 
per  1000  of  oxygen,  and  no  less  than  29*9  per  1000  of  hydrogen  sulphide. 
Excluding  this  analysis,  the  greatest  impurity  in  the  old  Parisian  sewers  waS 
34  per  1000  of  carbon  dioxide  and  12-5  per  1000  of  hydrogen  sulphide. 
The  lowest  amount  of  oxygen  was  174  per  1000.  Hydrogen  sulphide  was 
present  in  18  out  of  19  cases,  the  mean  of  the  Avhole  19  cases  being  8-1  per 
1000.  The  mean  amount  of  carbon  dioxide  in  19  cases  was  23  per  1000. 
In  the  present  London  sewers  of  good  construction  the  air  is  much  less 
impure.  Letheby  found  only  5-32  per  1000  of  C0^_,  a  good  deal  of  ammonia, 
knd  only  traces  of  liydrogen  sulphide  and  marsh  gas.  Miller's  experiments 
in  1867  gave  a  mean  of  only  1-06  per  1000  of  CO,  in  18  analyses,  and  3-07 
per  1000  in  6  other  instances,  the  oxygen  207-1  per  1000.  '  No  hydrogen 
sulphide  was  present.  Russell  examined  the  air  in  the  sewers  of  Paddington  ; 
the  most  impure  air  contained  207  oxygen,  787-98  nitrogen,  and  5-1  volumes 
of  carbon  dioxide  per  1000  ;  there  was  very  little  ammonia,  and  no  hydrogen 
sulphide. 

^  It  is  evident  that,  if  we  take  the  carbon  dioxide  and  hydrogen  sulphide 
as  indices,  sewer  air  has  no  constant  composition.  It  is  sometimes  almost 
as  pure  as  the  outside  air,  while  at  other  times  it  may  be  highly  impure. 
But  these  gases  are  probably  the  least  important  ingi-e'dients  of  sewer  air ; 
that  organic  matters  are  present  is  evident  from  the  peculiar  foetid  smell, 
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and  in  some  cases  they  are  in  large  amount ;  8000  cubic  feet  of  the  air  of 
a  house  into  which  sewer  air  had  penetrated  destroyed  more  than  20  times 
as  much  potassium  permanganate  as  the  same  quantity  of  pure  air  (Angus 
Smith).  Fungi  and  bacteria  grow  rapidly  in  such  air,  and  meat  and  milk 
soon  taint  when  exposed  to  it. 

We  must  also  suppose,  for  facts  leave  us  no  other  explanation,  that  those 
agencies  which  produce  enteric  fever  may  also  be  present.  That  dysentery 
and  diarrhoea  may  also  be  caused  by  exhalations  proceeding  from  a  foul 
sewer  we  cannot  doubt,  but  the  precise  agency  is  here  also  unlvnown. 
Diphtheria  and  acute  follicular  tonsillitis  are  also  associated  with  sewer 
air;  and,  if  the  disease  does  not  originate  de  novo,  when  once  it  breaks 
out,  its  tendency  is  to  spread  where  the  air  and  soil  are  polluted  by 
sewage. 

The  experiments  of  Frankland  show  that  solid  or  liquid  matter  is  not 
likely  to  be  scattered  into  the  air  from  the  sewage  itself  by  any  agitation  it 
is  likely  to  undergo,  until  gas  begins  to  be  generated  in  it.  He  found  that 
no  ordinary  agitation  (even  greater  than  sewage  is  likely  to  meet  with) 
would  scatter  particles  of  lithia  solution  into  the  air,  but  that  the  burst- 
ino-  of  bubbles  of  carbon  dioxide  was  sufficient  to  effect  it.  Hence  he 
argues  (with  apparent  truth)  that  sewage  becomes  dangerous  in  this  way 
only  after  the  setting  in  of  decomposition,  so  that  if  we  take  proper 
steps  to  carry  away  sewage  at  once  the  danger  becomes  reduced  to  a 
minimum. 

J.  D.  Robertson,  of  Penrith,  has  made  bacteriological  investigations  into 
the  air  of  sewers,  and  has  found  various  forms  of  cocci,  bacteria,  and  bacilli 
to  be  present,  besides  moulds.  The  most  common  forms  were  bacilli,  which 
showed  a  great  preponderance  over  micrococci;  whereas  in  the  open  air, 
cocci  forms  were  more  numerous  than  bacilli.  The  average  number  of 
micro-organisms  per  litre  was  4-2  in  sewer  air  (15  experiments)  and  5*7  in 
open  air  (10  experiments).  ,      .  .     ,  » 

The  experiments  of  Carnelley  and  Haldane  on  the  air  m  the  servers  ot 
the  Houses  of  Parliament,  and  in  Dundee,  led  them  to  the  following  con- 
clusions :— (1)  That  the  air  of  the  sewers  was  much  better  than  might  have 
been  expected  ;  (2)  that  the  carbonic  acid  was  about  twice,  and  the  organic 
matter  rather  more  than  three  times  as  great  as  in  the  outside  air  at  the 
same  time,  whereas  the  number  of  micro-organisms  was  less;  (3)  that, 
in  reference  to  the  quantity  of  these  three  constituents,  the  sewer  air 
was  in  a  very  much  better  condition  than  that  of  naturally  ventilated 
schools,  and  that,  with  the  notable  exception  of  organic  matter  it  had 
likewise  the  advantage  of  mechanically  ventilated  schools ;  (4)  that  the 
sewer  air  contained  a  much  smaller  number  of  organisms  than  any  class 

I^the  Westminster  sewer  the  CO^  ranged  from  0-49  to  0-89  per  1000 
vols,  the  oxygen  required  for  oxidisable  matter  from  1  to  12-9  vols,  per 
1  000,000,  and  the  micro-organisms  from  0-5  to  38  per  litre ;  in  the  Dundee 
sewer;  these  numbers  were  respectively  0;55  to  1-09,  S'l  to  18-2,  and  2-5  to 
25.    The  average  results  of  the  whole  series  were— 
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CO2. 

Oxygen. 

Micro- 
organisms. 

In  sewers,  .  • 

In  outside  air,    .       .       .  • 

0-75 
0-37 

7-2 
2-2 

8-9 
15-9 
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They  consider  that  the  carbon  dioxide  is  chiefly  due  to  the  oxidation  of 
(Organic  matter  in  the  sewage  and  sewer  air,  and  that  the  micro-organisms 
{present  in  sewer  air  are  derived  from  the  outside  air  and  not  from  the 
s  sewage  itself.  These  observations  have  been  confirmed  by  Parry  Laws ; 
1  while  Arthur  has  shown  that  bacteria  can  undoubtedly  grow  up  the  sides 
cor  walls  of  the  damp  nutrient  sewers,  and  if  these  latter  become  at  all  dry, 
8  air  currents  readily  detach  and  disperse  them.  Possibly  in  this  way  some 
imicro-organisms  may  get  set  free  in  sewer  air  from  the  actual  sewage, 
3 and  that  the  micro-organisms  present  in  sewer  air  are  not  so  much  derived 
ffrom  the  outside  air  as  has  hitherto  been  thought.  The  truth  probably  lies 
1  between  the  two. 

Air  of  Marshes. — The  air  of  typical  marshes  contains  usually  an  excess 
cof  carbon  dioxide,  which  amounts,  perhaps,  to  0*6  or  0'8  or  more  per  1000 
1  volumes.  Watery  vapour  is  usually  in  large  quantity.  Hydrogen  sulphide 
iis  present,  if  the  water  of  the  marsh  contains  sulphates,  which  in  presence 
I  of  organic  matter  are  converted  into  sulphides,  from  which  SHg  is  derived 
Iby  the  action  of  vegetable  acids.  Marsh  gas  is  also  often  present,  and 
I  occasionally  free  hydrogen  and  ammonia,  and,  it  is  said,  hydrogen 
jphosphide. 

Organic  matter  also  exists  in  considerable  quantity,  and  seems  to  have 
I  much  the  same  character  always.  It  blackens  sulphuric  acid  when  the  air 
iis  drawn  tlirough  it;  gives  a  reddish  colour  to  nitrate  of  silver;  has  a 
Iflocculent  appearance,  and  sometimes  a  peculiar  marshy  smell,  and,  heated 
'with  soda-lime,  affords  evidence  of  ammonia. 

■Besides  the  organic  matter,  various  vegetable  matters  and  animals, 
I  floating  in  the  air,  are  arrested  when  the  air  of  marshes  is  drawn  through 
'Water  or  sulphuric  acid,  and  debris  of  plants,  infusoria,  insects,  and  even, 
iit  is  said,  small  mcstacea,  are  found;  the  ascensional  force  given  by  the 
(evaporation  of  water  seems,  indeed,  to  be  sufficient  to  lift  comparatively 
1  large  insects  into  the  air. 

Although  the  researches  of  Laveran  have  clearly  demonstrated  malaria 
Ito  be  dependent  upon  the  presence  of  a  protozoon  in  the  blood,  nothing, 
1  however,  has  ever  been  found  in  the  air  of  marshes  which  in  any  way 
:  appears  to  be  associated  with  or  throw  any  light  upon  the  life  history  of 
tthis  micro-organism. 

Marsh  air  has  been  said  to  be  deficient  in  ozone,  but  the  observations  of 
"  Burdel  do  not  confirm  this. 

Impurities  from  Cemeteries.— The  decomposition  of  bodies  gives  rise 
tto  a  very  large  amount  of  carbon  dioxide.  It  has  been  calculated  that, 
1  when  intramural  burial  was  carried  on  in  London,  2 J  millions  of  cubic  feet 
of  carbon  dioxide  were  disengaged  annually  from  the  52,000  bodies  then 
'  buried.  Anunonia  and  an  offensive  putrid  vapour  are  also  given  off.  The 
air  of  most  cemeteries  is  richer  in  COg  than  ordinary  air  (0-7  to  0-9  per 
1  1000),  and  the  organic  matter  is  perceptibly  larger  when  tested  by 
I  potassium  permanganate.  In  vaults,  the  air  contains  much  carbon  dioxide, 
c  carbonate  or  sulphide  of  ammonium,  nitrogen,  hydrogen  sulphide  and 
c  organic  matter. 

Impurities  from  Fires  and  Artificial  Lights.— As  coal  is  the  chief 
I  material  used  for  combustion  in  our  fires,  it  constitutes  the  main  source  of 
imipurities  to  the  atmosphere  from  various  means  of  heating.  For  the 
(complete  combustion  of  1  lb  of  coal  at  least  160  cubic  feet  of  air  are 
I  required  by  theory,  but  in  actual  practice  from  half  to  twice  as  much  air 
I  must  be  supplied,  making  the  average  amount  required  per  pound  of  coal 
tto  be  from  240  to  320  cubic  feet.    During  combustion  about  1  percent. 
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of  the  coal  is  given  off  into  the  air  as  soot  and  tarry  products,  with  large 
quantities  of  carbon  dioxide  and  carbon  monoxide.  The  actual  amounts 
of  these  gases  given  off  will  depend  upon  the  degree  of  perfection  of  the 
combustion  :  but  it  has  been  calculated  that  for  every  ton  of  coal  burnt  m 
London  something  like  three  tons  of  carbon  dioxide  are  produced.  In 
addition  to  these  impurities,  the  atmosphere  receives  from  the  burning  ot 
coal,  carbon  disulphide,  ammonium  sulphide,  water,  and  occasionally  sulphu- 
retted hydrogen,  as  well  as  sulphur,  sulphur  dioxide,  and  sulphuric  acid 
Ordinary  coal  contains  from  half  to  seven  per  cent,  of  sulphur,  and  it  is  not 
unusual  to  find  in  the  outer  air,  in  manufacturing  districts,  from  half  to  one 
grain  of  sulphuric  acid  per  1000  cubic  feet  of  air. 

Wood  produces,  on  combustion,  carbon  dioxide  and  monoxide,  with  more 
water  but  less  sulphur  compounds  than  coal  does.  The  impurities  from 
coke  and  peat  are  somewhat  similar  to  those  from  coal.  _  In  cases  where  the 

combustion  is  incomplete  or  the  supply  of  °f  g^\^\™  .'if'.^^^ll 
the  carbon  becomes  incandescent  in  an  atmosphere  highly  charged  with  and 
practically  consisting  of  carbon  dioxide,  combining  with  it  to  form  carbon 
monoxide;  thus,  C;+2CO,  =  4CO.  The  blue  flames  so  often  seen  at  the 
top  of  a  ^ell-diwing  clear  fire  consist  of  burning  carbon  monoxide  wh  ch 
iZ  been  produced  by  the  carbon  dioxide,  formed  at  the  lower  par  of  the 
fire  having  to  pass  oVer  the  red-hot  coal  on  its  upward  way  to  the  chimney^ 
This  carbon  monoxide  is  largely  given  off  from  charcoal  ^^^^^-^^^^ 
combustion  "  stoves,  and  is,  moreover,  very  much  more  poisonous  than  the 

"^'^  The  products  of  the  combustion  of  coal  and  wood  pass  into  the  atmos- 
phere and  usually  are  at  once  largely  diluted.  Diffiision  and  the  ever- 
mnviucr  air  rapidlv  purify  the  atmosphere  from  carbon  dioxide. 

It  is  not  so^^^^^  with  the  suspended  carbon  and  tarry  matters, 

which  ie  too  heavy  to  drift  far  or  to  ascend  high.  As  a  rule,  the  particles 
Tftl^brarnoTfoU  higher  than  600  feet  ;  -d  ^  -y 
m  the  lower  strata  of  the  atmosphere  can  be  seen  by  looking  at  an>  loicy 
LnL^rn  Lon^^^^^^  The  air  of  London  is  so  loaded  with  carbon,  that  even 
S  aere  is  "o  fog,  particles  can  be  coUected  on  an  aeroscope  when  only 
1  vfrv  small  auantitv  of  air  is  drawn  through. 

sfilZmurand  sulphuric  acids  also  appear  to  be  less  rapidly  removed 
as  Atus Sh "Id  a' perceptible  quantity  in  the  air  of  Manchester;  and 

-^^Z^^i^  "ihe  air,  co_t  on  artifle  jl 

these  lUummants  are  carbon  ''f'''"^  „";,,,„;:„,,  „,  .,,lr,hut  Now,  the 
case  of^gas,  of  several  P-^^f ifme^^^^^^^^^^^^^^^ 

unit  adopted  m  this  country  fra  the  '""f  ,,  ^^,,„i„„  jao  ™ins  per 
lights  is  asperm  candle  of  «  ^  0  power."    Sucl!  a 

hour,  and  which  gives  a  hght  known  as    uu  i 
candle,  on  analysis,  contains:— 

80'0  per  cent 

Carbon,       .  .         •          •         '          .       13-0  ,, 

Hydrogen,    .  .          •          •  .        6-0  „  „ 

Oxygeji,       .          .  •          •  ' 

and  on  complete  combustion,  yields  equal  volumes  of  carbonic  acid  and 
'~%::^:J^:r^^l^^^^^-  out  by  one  Carcel  burner,  and 
equals  9-3  English  standard  candles. 
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What  is  known  as  Harcourt's  standard  flame  gives  a  light  equal  to  that 
of  one  English  standard  candle.  It  consists  of  an  air-gas  flame,  21  inches 
in  height,  rising  from  an  opening  J  inch  in  diameter.  The  flame  is  that  of 
a  mixture  of  air  and  pentane  :  57 6  volumes  of  air  being  mixed  with  one  of 
liquid  pentane  at  15°-6  C.  (60°  F.) ;  or  if  both  are  in  the  form  of  gas,  20  of 
air  to  7  of  pentane. 

Although  various  kinds  of  oil  have  been  employed  for  illuminatinc^ 
purposes,  paraffin,  owing  to  its  cheapness  and  high  illuminating  value,  is  the 
only  one  now  in  extensive  use.  Ordinary  paraffin,  on  analysis,  gives  the 
following  composition : — 

 86-0  per  cent. 

Hydrogen,    .         .         .          /        .         .  14-0 

When  burnt  in  the  better  kinds  of  lamps,  the  average  consumption  per 
candle  power  of  this  oil  is  just  62  grains  per  hour,  giving  off  on  combustion 
m  that  time  0-28  cubic  foot  of  carbonic  acid  and  0-22  of  a  cubic  foot  of 
water  vapour.  In  the  inferior  class  of  lamps,  the  consumption  of  oil  is  often 
double  the  above  amount,  accompanied  by  the  production  of  0-5  of  a  cubic  foot 
of  carbon  dioxide  and  the  consumption  of  the  oxygen  of  about  3  2  cubic  feet 
01  air. 

The  chief  popular  illuminant  is  coal  gas.  Ordinary  coal  gas  is  a  mixture 
ot  gases  consisting  mainly  of  hydrogen  and  hydrocarbons,  produced  by  the 
dry  or  destructive  distillation  of  coal.  The  coal  is  heated,  without  contact 
^Wlth  air,  in  iron  retorts,  and  the  products  of  its  destructive  distillation  are 
I  made  to  pass,  firstly,  through  condensers  in  which,  as  a  result  of  the  coolin^r 
t  they  are  subjected  to,  the  heavy  coal  tar  and  the  lighter  ammoniacal  tar- 
1  liquor  are  condensed,  and  are  then  collected  in  tanks;  and  secondly  the 
:Jgas  IS  led  through  purifying  chambers,  containing  either  moist  slaked 'lime 
Mor  terric  oxyhydrate  spread  on  shelves,  either  of  which  removes  the  gaseous 
.impurities  containing  sulphur,  the  former  removing  carbon  dioxide  as  weU  • 
annaUy  the  gas  is  passed  into  a  gasometer  for  storing  purposes 
....  -^f^/^llo^^ng  statement  of  the  analysis  of  two  London  gases  may  be 
^accepted  as  fairly  representing  the  composition  of  coal  gas  generaUy  :— 

South  Metropolitan      The  Gaslight  and 
Hydrogen,       ....  Gas  Company.  Coke  Company. 

Saturated  hydrocarbons,  .  lo  5d  sb 


Unsaturated  hydrocarbons, 
Carbon  monoxide. 
Carbon  dioxide, 
Nitrogen, 
Oxygen, 


36-25  32-69 

3-  50  3-58 
5-68  7-05 
0-00  0'61 

4-  10  2-50 
0-31  0-21 


100-00  100-00 


rand  theri  ^1  f  ^^'^  monoxide  has  been  as  high  as  11  per  cent., 

h  iy^  hydrogen  56  ;  in  such  cases  the  amount  of  hydro- 

fe^?  ;f         ""f  grains  of  sulphur  have  been  found  in  100 

RefLpf  11  ^f'^'^^'^'S  to  the  standard  of  the  Metropolitan  Gas 

» Referees,  all  gas  must  be  wholly  free  from  H,S,  the  maximum  of  sulphur 

^^ZXrZ^^'t''  P-  100  cibic  ?oet 

)urified%as  r""""^'"     *  g^''^^^'        ^^O  cubic  feet.    In  badi; 

>speckllf  hvrln  \  ^'T^  ^'^"^^^^  °f  substances  in  small  amount 

^  heLTTjT'""  '^^^^le^hols,  such  as  propylene,  butylene,  amy: 
)icoiine  Tc  '    ^    '  ^^"^  nitrogenous  oily  buses,  such  as  pyrrol, 
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When  a  mixture  of  coal  and  water  gas  is  used  as  an  illuminant  the 

'™  wTen  the  ga.  «  partl,  bu>.t,  the  hydrogen        '^"^"VS  (16 
Wttedhyctolensareatao.^^^^^^^^^^ 

And  these  products  escape  usually  into  the  air  ol  roomb. 

consumes,  the  average  being  f^^JJ^^f^^^^^^^^^^^^^  Combustion,  however, 
calculating  the  vitiation  of      ^[Xlv  tmnLte  even  with  a  16-candle 

other  words,  the  actual  products  ^^"^^^^^^^^  process  ; 

much  with  the  quality  of  the  g^^^^^^^^^",7^^^^^^  compounds  of 

the  usual  products  being  ^^J^^^.  "".X/^^^^  These  latter, 

ammonia,  watery  vapour  and  ^-^^Zl^  tftl^eisre^^^^  to  beUeve 
if  .present,  are  particularly  injurious  |°  l^jf^^;^'J^^^^^^^^  For  every 

that  their  existence  in  gas-lit  ^^^'^ZT^^^  of  sulphur,  there 

100  cubic  feet      g-^on^umeA  M^^^^^ 

^ould  be  0-032  cubic  foot  of  fek;  the  sulphur  dioxide 

gas,  containing  30  "J  ^J/^^^^^^^^  under  very  unusual 

resulting  would  amount  to  0  048  ^J'^  ^       quantities  in  nearly  the 

circumstances,  ventilation  ^^^^t ''irtotTvolume  of  sulphur  dioxide 
same  ratio  as  the  carbon  dioxide,  t^re^  t^^^^^^^^^^ 
due  to  the  combustion  of  the  gas  bemg      ""^^^^^^^      ^^.^     ,  iQO  cubic! 
smnething  like  0-0625  grain  of  sulphur  as  sulphuious  1 

feet  of  air.  . ,  ,   ,      ;i  pi^hic  foot  of  gas,  burnt  per 

Speaking  generally,  it  may  be  said  that  eacn  _ 
hourLm  the  ordinary  burneiy,  vitiat2  as  ^^^^^  ^^^^^  , 

impure  by  the  respirations  of         .  i  T  and  vields  217  calories 

SthetUeratiu-c  of  31,290  cub^^  e^^^^  a 
(a  kilogramme  of  wa  erhea  ed^^^^a^^^^^         ^^^^^^^^  ^^^^  ^^.^^-^^^ 

of  water  heated  1  l.)-    -Ljie  ^ouomho  dioxide,  watery  vapour,  and 

of  oxygen  removed  of 'artificial  light:  with 

^:t^  candle  power,  and  the  number  of 
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adiilts  who  would  exhale  the  same  amount  of  carbon  dioxide  in  the  same 
time. 


Quantity 
consumed. 


Tallow  candles,  . 

Sperm  candles,  . 

Paraffin  oil  lamp, 

Kerosene  oil  lamp, 

Coal  gas.   Kg.  5 
batswing  burner, 

Coal  gas,  Argand 
burner. 

Coal  gas,  regener- 
ative burner, 
Coal  gas,  "Welsbach 
incandescent, 

Electric  incandes- 
cent light, . 


2200  grains 
1740  „ 
992  „ 
909  „ 

5-5  c.  ft. 

4-8  „ 

3-2  „ 

3-5  „ 

0-3  lb.  coal. 


Candle 
power. 


16 
16 
16 
16 

16 

16 

32 

50 

16 


Oxygen 
removed. 


107  c.  ft, 

9-6  „ 

6-2  „ 

5-  9  ., 

6-  5  , 
5-8  , 
3-6  , 
41  , 
0-0 


CO2 
produced. 


Moisture 
produced 


7-3  c.  ft 

6-5  „ 

4-5  „ 

4-1  „ 

2-8  „ 

2-6  „ 

1-7  „ 

1-8  „ 

0-0  ., 


8-2  c.  ft 

6-  5  „ 
3-5  „ 

3-  3  „ 

7-  3  „ 
6-4  „ 

4-  2  „ 
4-7  „ 
0-0 


Heat 
Calories 

pro- 
duced. 


Vitiation 
equal  to 
Adults. 


1400 
1137 
1030 
1030 

1194 

1240 

760 

763 

37 


12-0 
11-0 
7-5 
7-0 

5-0 

4-3 

2-  8 

3-  0 
0-0 


It  IS  sufficiently  obvious  from  the  above  facts  that  the  most  hv^ienic 
source  of  light  is  the  electric  incandescent  lamp,  inasmuch  as  all  other  sources 
ol  artificial  illumination,  being  dependent  on  the  absorption  of  oxv^en  from 
the  air,  result  m  the  vitiation  of  the  atmosphere  by  products  which  are 
more  or  less  injurious  to  health.  The  electric  arc  light,  which  is  not 
contained  in  a  closed  globe,  is  said  to  vitiate  the  air  by  the  formation  of 
nitric  acid,  but  even  if  so,  its  effects  in  this  direction  are  much  less  hurtful 
than  gas,  oil,  or  candles. 

Of  the  various  forms  of  light  derived  from  coal  gas,  that  yielded  bv  the 
Welsbach  or  incandescent  gas-burner  stands  out  pre-eminently  as  the  best 
In  view  of  the  fact  that  the  use  of  these  burners  has  recently  increased  in 

I  ^  remarkable  manner,  some  observations  upon  their  general  construction 

.  and  hygienic  value  may  not  be  inappropriate. 

^  sai/tn'n^^''^f 'f.  incandescent  gas-burner  (fig.  7),  when  complete,  may  be 
^  said  to  consist  of  two  essential  parts.    The  first  is  an  ordinary  but  carefullv 

adjusted  burner  of  the  Bunsen  type,  in  which  air  is  mixed\vith  the 
1  before  It  burns  m  the  proportion  of  30  of  gas  to  70  of  air  produchi<.  a 
c  colourless  or  faintly  blue  flame.  The  second  part  is  a  fine  gauzeSSle 
composed  of  nitrates  of  the  rare  earths,  cerium,  lanthanim  thorfum  and 
^rcomum,  which  is  suspended  in  the  flame  by  means  of  a  forked  suppo'rt  of 
'  niagnesian  silicate,  itself  luminous  when  hot.  The  flame  and  3?^ nl 
^  -  a  chimney  of  glass  or  other  transparent  mate'kl,  liX 

^Sy'st^a'dr^^^^  ''^'^^  "^"^^^  keeps  tire  flame^ 

of  "^J^*",  Welsbach  burner  is  similar  to  that  of  other  svstems 

of  lighting  m  use,  which  depend  upon  the  light  emitted  by  anIncandescSe 
body.  Incandescence  is  "  the  brilliant  glow  given  out  bv  cPrfn/n  IT  f  ^ 
bodies  when  they  are  heated  up  to  a  definitrpolnt  "    Tl  f  H^^f  / 

ombustSn     T  hydrocarbons  during  the  sta'es  of 

ra'flam  1"  th^";rw?niTav^'  ^^^^"^^         ^  ^ 

stituents  of  the  iTZ^^    ^  ^^'^  the  flame,  the  con- 

culmimte  in  the  eonvlT  ^Tl'  ^t^^^^P^^^tion  and  interactions,  which 
nate  m  the  conversion  of  the  heavier  hydrocarbons  into  acetylene, 
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carbon  monoxide  being  also  produced;  and  these  with  the  products  of 
combustion  and  residual  hydx-ogen,  pass  into  the  next  Pl-^«     -^^^  ^ 
the  acetylene  formed  in  the  inner  zone,  becomes  decomposed  by  heat,  with 
bemtion  S  caZn,  which  at  the  moment  of  production  is  heated  to  mcan- 
escence  by  ^  of  the  carbon  monoxide  and  hycbogen  and  gives 

descence  Dy  tne  cu  Welsbach  burner,  the  incandescence  is 

luminosity  to  the  ^^^^'^J^  ^j^^  ^^^^^^^  ,f  ,  ,,3t-work  of  oxides  of 

certain  rare  earths,  which  emit,  at  the  temperature 
of  the  Bunsen  flame,  a  bright,  steady,  and  powerful 
Avhite  light.    It  affords,  in  fact,  an  admirable  illus- 
tration of  the  conversion  of  heat  into  hght_  rays. 
The  Bunsen  flame,  though  very  hot,  is  without 
luminosity,  because  "the  nitrogen  of  the  air  acts  m 
the  normal  flame  by  so  diluting  and  protectmg  the 
hydrocarbons  that  a  far  higher   temperature  is 
needed  for  their  decomposition  :  this  action  gives 
time  for  the  oxygen  of  the  air  to  consume  them, 
without  liberation  of  carbon,  and  hence  without 
luminosity  "  (Lewes).    In  the  incandescent  burner, 
however,  by  allowing  the  flame  to  play  upon  a 
■  refractory  body,  in  the  form  of  a  mantle,  the  heat 
undergoes  a  change  into  the  closely  aUied  phenome- 
non of  light.    From  the  hygienic  standpoint,  the 
Welsbach  burner  is  simply  an  ordinary  Bunsen 
burner,  over  the  flame  of  which  is  hung  a  network 
of  incombustible  material  that  is  intensely  luminous 
when  raised  to  the  temperature  of  the  Bunsen  flame. 

In  the  Clamond  system  of  incandescent  gas- 
liahting,  a  similar  result  is  obtained  by  a  hood  ot 
magnesik  and  zirconia,  which  is  heated  to  incan- 
descence by  an  atmospheric  burner;  m  the  Lewis 
system,  again,  there  is  a  small  hood  of  platinum ; 
in  the  Sellon  Hght,  a  cone  of  metal  gauze  is 
used;  while  in  the  Swedish  system  of  Farn^^^J^^ 
there  is  an  extensive  use  of  small  pencils  of  magnesia  and  zirconia,  fixed  to 

therefore,  that  if  the  consumption  of  ga  be  lo^,  ^h^^^^^^^  ?  ^f 

will  be  proportionately  reduced,  so  ^P'^J^^^'^^o^it  of  gas,  to  say 

economy,  a  burner  that  consunres  a  ^^^'^^^^^^y  ^^^^^^^^^  'account 

consumption  of  different  forms  of  '-artificial  ligM^^  ^.^^^ 

It  should  be  observed  m  addition,  however,  that  the  a  it  auo 
carbonic  acid  gas  by  one  Welsbach 

SsSiH^Stle  ounces 

t  clearly  demonstrated  in  a  very  lucid  report  up^n  th^^^^^^^^^ 
gas  light,  published  by  the  Lancet  on  Jan.  5th,  1895,  oaid 


Fig.  7. 
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indebted  for  the  following  figures,  the  "Welsbach  burner  affects  the  atmos- 
phere far  less  for  evil,  judging  from  the  carbonic  acid  and  heat  produced, 
than  any  other  existing  type  of  burner.  Thus,  "while  the  increase  of 
carbonic  acid  per  candle  power  is  only  0-365  in  the  case  of  the  Welsbach 
light,  it  is  1"9  in  the  case  of  Argand  burners,  2 "86  in  the  batswing,  and  1"56 
in  oil  lamps  " ;  and  the  increase  of  temperature  in  a  room  with  a  Welsbach 
burner  per  candle  power  is  "only  0-116°  compared  with  the  Argand,  0"59°, 
the  batswing,  0-807°,  and  oil  lamps,  0-468°." 

Acetylene  has  claimed  public  attention  for  the  last  few  years  as  an 
iUuminant.  Powdered  coal  and  coke,  mixed  together  in  equal  parts  and 
fused  under  the  influence  of  a  very  high  temperature,  enter  into  combina- 
tion, forming  the  compound  known  as  carbide  of  calcium.  This  substance 
undergoes  an  energetic  chemical  action  with  water,  resulting  in  the  forma- 
tion of  lime,  and  the  gaseous  hydrocarbon,  acehjlene ;  compared  with  ordinary 
coal  gas  of  16  candles,  acetylene  shows  an  illuminating  power  of  240 
candles.  .  , 

The  light  obtained  from  acetylene  is  -a  very  brilliant  white  light,  the 
gas  being  burnt  in  flat-flame  burners  with  very  diminutive  orifices.  It  is 
distinguished  from  coal  gas  by  the  absence  of  any  internal  blue  flame,  such 
as  is  usually  noticed  near  a  gas-burner. 

The  most  essential  condition  required  with  the  use  of  this  illuminant  is 
the  absolute  soundness  of  the  gas-fittings  inside  the  house,  as  an  escape  of 
acetylene  gas  is  fraught  with  grave  consequences:  when  inhaled  it  acts 
injuriously  upon  the  hsemoglobin  of  the  blood,  and  there  is  very  great 
danger  of  explosion  when  this  gas  is  mixed  with  air  within  the  hmits  of 
3  per  cent,  of  the  former  and  82  per  cent,  of  the  latter.  It  is  for  this 
reason  scheduled  by  an  order  of  the  Privy  Council  under  the  Explosives 
Act  (1875).  ^ 

Of  all  the  systems  of  artificial  hghting  in  common  use  at  the  present 
time,  we  are  bound  to  place,  for  reasons  already  detailed,  the  incandescent 
electric  light  in  the  first  rank  from  the  point  of  view  of  health.  "  From  the 
same  point  of  view  we  are  bound  to  place  next,  the  incandescent  gas-light 
in  its  present  improved  form.  It  is  less  productive  of  carbonic  acid  gas 
than  tlie  average  oil  lamp,  and  consumes  not  quite  one-half  less  gas  than 
the.  ordinary  burners,  giving  rise,  therefore,  to  the  evolution  of  half  the 
heat,  and  half  the  amount  of  carbon  dioxide,  while  its  illuminating  power 
expressed  in  candles  is  more  than  three  times  as  great  as  the  best  ordinary 
gas-burners  or  incandescent  electric  light,  each  of  which  rarely  exceed  16 
cancUe  power."  The  only  gas-light  which  at  all  approaches  it,  in  its 
hygienic  advantages,  is  Siemens'  regenerative  burner,  but  that  has  one-third 
less  illuminating  power,  and  is  less  well  adapted  for  general  domestic  use. 
i  he  relative  merits  of  the  other  forms  of  artificial  light  are  sufiiciently 
manifest  from  the  figures  given  to  require  no  special  criticism. 

CarneUey  and  Mackie  have  shown  that  the  combustion  of  coal  exercises 
a  marked  effect  on  the  organic  matter  in  the  air  of  towns ;  but  that  the 
combustion  of  coal  gas  in  a  room  has  not  much  effect  on  increasing  the 
organic  matter,  whereas  a  burning  oil  lamp  has  a  marked  effect. 

In  tobacco  smoke  are  contained  particles  of  nicotine  or  its  salts  (Heubel), 
and  probably  of  picoline  bases.  There  is  also  much  carbon  dioxide, 
ammonia,  and  butyric  acid. 

Ripley  Nichols  has  investigated  the  air  in  smoking  cars  on  American 
railways,  and  found  the  CO^  to  range  from  0-98  to  3-35  per  1000,  with  a 
'  mean  ot  2-278  :  m  ordinary  non-smoking  cars  the  CO.,  varied  from  1-74  to 
<'i<o(,  with  a  mean  of  2-32,  so  that  there  was  not  much  difi-ercnce  as  far  as 
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carbon  dioxide  went.  As  regards  ammonia,  however  the  difference  was 
great,  for  (taking  the  external  air  ratio  as  100)  he  found  ni  the  smoking  car 
from  310  to  575,  whilst  in  the  ordinary  cars  it  was  only  135  to  175.  JNoue 
of  the  peculiar  products  of  the  combustion  of  tobacco  were  found. 

Summing  up,  we  may  say  that  the  chief  changes  produced  m  the  air  by 
the  use  of  artificial  lights  are  elevation  in  temperature,  the  addition  ot 
moisture,  carbonic  oxide,  carbon  dioxide,  nitnc  and  nitrous  acid,  compounds 
of  ammonia,  and  of  sulphur,  marsh  gas,  carbon  particles  and  acids  of  the 
fatty  group.  Apart  from  these  added  impurities,  the  air  suffers  by  the 
withdrawal  of  a  certain  amount  of  oxygen.       .  „     . , 

Impurities  from  Respiration.— It  will  materially  aid  our  conception  of 
the  nature  and  amount  of  the  impurities  added  to  the  air  by  respiration  if 
we  contrast  the  chemical  composition  of  100  parts  of  ordinary  atmosphere 
with  100  parts  of  expired  air,  in  respect  of  their  chief  constituents. 


Ordinary  Air.      Expired  Air. 
20-96  16-40 


Oxygen,         •          •         :  .       79-00  79-19 

Nitrogen,       .         •         *         •  '  ^.^^ 

Carbon  dioxide,         .  •  •          .  u 

From  this  it  will  be  seen  that  the  expired  air  contains  more  than  a 
hundred  times  more  CO,,  nearly  five  per  cent,  less  0,,  and  a  smaU  amount 
S  N    more  than  the  atmospheric  air.    Hence,  during  respiration  more 
oxygen  is  taken  into  the  body  from  the  air  than  carbon  dioxide  is  ^ven  off 
so  that  the  volume  of  the  expired  air  is  from  ^  ''tcZ^tthe  s^me 
volume  of  the  air  inspired,  both  being  calculated  as  dry   at  the  same 
teZerature  and  pressure.    This  diminution  of  the  volume  of  expired  air  is 
hoTver  far  moi  than  compensated  by  the  wanning  which  the  jnspired  a  r 
unlrgoes  in  the  respiratory  passages,  so  that  eventually  tl^  ^^^^^l^J^ 
expired  air  is  reaUy  one-ninth  greater  than  ^-  -r  inspired.^  T^^^^^^^ 
of  the  0,  absorbed  to  the  CO^^  given  off  is  as  4-57  :  4  38.    Ihis  is  expressea 
by  the  "  respiratory  quotient "  : — 

C02^i:!^=:  0-905. 


0,  4-57 


This  ratio,  between  the  amount  of  oxygen  absoAed  and  the  amount  of 
carbon  dioxide  exhaled,  varies  in  different  animals ;  being  for  0  87  to 
0  q  foi  horses  0-97  for  oxen  and  sheep  0-98,  and  for  dogs  and  cats  about 
0-75  ThT:Lnges  produced,  therefor^  in  air  by  respiration  -  elev^^^^^^^^^ 
in  temperature,  increase  of  moisture,  increase  m  volume  and  changes  m 

"aVe^r  afrgives  out  at  each  respiration  22  cubic  inches  of  air,  and 

-s^:^  ^sr^*r  ^^SSS 

.    ,  oon  nn.K^r-  fppf     Tf  we  further  assume  that  the  expirea  du 

'^nsli  ve.  c  n    !itJn  Zle,  the  average  adult  at  rest  evolves 
14^2  cubic  feet  of  this  gas  in  the  twenty-four  hours,  or       cubic  foot  pe 
iour  ;  this  amount  is,  however,  largely  increased  ^^^^l^-  ttn'y  f on 
the  case  of  a  man  doing  hard  work,  reach  37  cubic  feet  m        twentj  toi  r 
hLTor,  say,  1-6  cubic  foot  of  carbon.diox.de  exlialed  per  ^ou^ n  the 
case  of  big  men  say  12  stones  i^^^^'^^S^l^..^^^^^^^^  ^^^^^^    Womln'give  off 

The  quantity  given  off  by  women,  say  0-6,  may  be  adopted 

community.  ,.  .  „•    •^^„^^■,^cx  qsmimed  to  be  on  aiv 

The  amount  of  carbon  dioxide  m  pure  air  being  assumea  to 
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average  O'i  per  1000,  the  quantity  in  the  air  of  the  rooms  vitiated  by 
respiration  varies  witliin  wide  limits,  and  many  analyses  will  be  found  in 
books.  The  following  table  is  a  part  of  the  numerous  experiments  on 
barrack-rooms  by  de  Chaumont  on  this  point,  in  which  the  amount  of 
carbon  dioxide  in  the  external  air  was  simultaneously  determined.  The 
analyses  were  made  at  night,  when  the  men  were  in  the  rooms.  The 
cubic  space  per  head  was  600  feet  in  the  barracks  and  from  1200  to  1600 
in  the  hospitals  : — 


CO2  ia 
External 
Air. 

CO2  in  Room. 

Largest 
Amount 
found. 

Mean 
Amount. 

Respiratory 
Impurity. 

Barracks. 

Gosport  New  Barracks,  .... 

Anglesey  Barracks,  ..... 

Aldershot,  ...... 

Chelsea,  ....... 

Tower  of  London,  ..... 
Fort  Elson  (CassDiate),  .... 
Fort  Brockliurst  (Casemate),  . 

0-430 
0-393 
0-440 
0-470 
0-420 
0-425 
0-4-22 

1-846 
1-971 
1-408 
1-175 
1-731 
1-874 
1-027 

0-  645 

1-  404 
0-976 

0-  718 

1-  338 
1-209 
0-838 

0-  215 

1-  011 
0-536 
0-248 
0-898 
0-784 
0-416 

MiLITAKT  AND  CiVIL  HOSPITALS. 

Portsmouth  Garrison  Hospital, 

Portsmouth  Civil  Infirmary, 

Herbert  Hospital,  ..... 

Hilsea  Hospital  

St  Mary's,  Paddington,  .... 

0-306 
0-322 
0-424 
0-405 
0-560 

2-057 
1-309 
0-730 

0-  741 

1-  534 

0-976 
0-928 
0-472 
0-578 
0-847 

0-670 
0-606 
0-048 
0-173 
0-287 

Military  and  Civil  Prisons. 

Aldershot  Military  Prison — Cells, 
Gosport  Military  Prison — Cells, 
Chatham  Convict  Prison — Cells, 
Pentonville  Prison — Cells — Jebb's  system, 

0-409 
0-655 
0-452 
0-420 

3-484 

2-  344 

3-  097 
1-926 

1-651 
1-335 
1-691 
0-989 

1-242 

0-  780 

1-  239 
0-569 

The  last  column  of  the  table  shows  the  condition  of  the  ventilation  as 
:  measured  by  the  carbon  dioxide ;  it  is  very  satisfactory  in  the  newer 

barracks  (Gosport  and  Chelsea),  but  is  much  less  so  in  the  older  barracks 
;  and  casemates.  The  Herbert  and  Hilsea  military  hospitals  show  excellent 
'  ventilation,  while  the  old-fashioned  Portsmouth  garrison  hospital  is  in  this 
I  respect  indifferent.  The  prison  cells  show,  in  all  cases,  a  very  high  degree 
■•  of  respiratory  impurity,  and  this  must  be  one  of  the  depressing  influences 
I  of  long  cell  confinement.  Wilson  gives  some  important  information  on  this 
]  point.    In  cells  (in  Portsmouth  Convict  Prison)  of  614  cubic  feet,  always 

occupied,  he  found  the  C02  =  0*720  per  1000  ;  the  prisoners  were  healthy 

and  had  a  good  colour.  In  cells  of  210  cubic  feet,  occupied  only  at  night 
1  by  prisoners  employed  outside  during  the  day,  he  found  1-044  per  1000  of 
t  CO2 :  the  occupants  were  all  pale  and  anaemic. 

The  carbon  dioxide  of  respiration  is  equally  diffused  through  the  air  of 
I  a  room  ;  it  is  very  rapidly  got  rid  of  by  opening  windows,  and  in  this 
I  respect  differs  from  the  organic  matter,  and  probably  from  the  watery  vapour, 
t  neither  of  whicli  appears  to  diffuse  rapidly  or  equably  through  a  room. 

_  The  amount  of  carbon  dioxide  is  often  much  greater  than  in  the  above 
I  instances.    In  a  boys'  school,  with  69  cubic  feet  per  head,  Koscoe  found 
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3-1  parts  of  COg  per  1000.  In  one-roomed  houses  in  Dundee  3-21  per  1000 
Avas  found  as  a  maximum  by  Carnelley,  Haldane,  and  Anderson ;  this  ^yas 
2-63  above  the  external  air.  In  a  schoolroom,  naturally  ventilated,  with 
an  average  of  168  cubic  feet  per  head,  the  mean  COg  was  1-86  and  the 
maximum  3-78 ;  in  another,  with  the  same  space,  but  mechanically  venti- 
lated the  average  was  1-23  and  the  maximum  1-96.  In  the  Dundee  Royal 
Infirmary  (space  per  head  from  1034  to  3182)  the  COg  ranged  from  0-41  to 
0'78,  or  a  range  of  respiratory  impurity  between  0'06  and  0*37. 

In  a  horse  stable  at  the  Ecole  Militaire  the  amount  was  7  per  1000,  At 
Hilsea  with  a  cubic  space  of  655  cubic  feet  per  horse,  the  amount  was 
1-053  •  and  in  another  stable,  with  1000  cubic  feet  per  horse,  only  0-593 
per  1000  (de  Chaumont).    Marcher  found  8-5  in  a  stable  in  Gottingen,  and 

no  less  than  17-07  in  a  byre.  •     ^  v.i 

F  Smith  has  shown  that  the  carbon  dioxide  determinations  m  stables 
are  greatly  influenced  by  the  amount  of  ammonia  in  the  air  interfering  with 
the  reaction,  thus  indicating  a  factitious  purity  of  atmosphere. 

The  amount  of  loater  given  off  to  the  air  by  respiration  of  course  varies 
with  the  temperature  and  condition  of  humidity  of  the  inspired  air,  as  well 
as  with  the  size  of,  and  work  being  done  by,  each  individual;  but  as  an 
averacre  for  twenty-four  hours,  the  amount  may  be  taken  as  being  10  ounces, 
or  28'4  crrammes.  To  this  must  be  added  some  20  ounces  more  of  moisture 
given  off  by  the  skin.  This  is  equivalent  to  about  550  grains  per  hour,  it 
we  assume  the  average  temperature  of  occupied  rooms  to  be  15  'b  ^- 
(  =  60°  F.),  this  means  that  enough  moisture  is  given  off  by  the  human  body, 
in  repose,  every  hour  sufficient  to  saturate  90  cubic  feet  of  air.  It  is  tlus 
tendency  to  become  saturated  with  moisture  from  the  lungs  and  skm  that 
makes  the  air  of  crowded  rooms  so  uncomfortable.  _CarneUey  s  experiments 
show  that  for  every  part  of  carbon  dioxide  found  m  the  air,  2-7  volumes, 
or  1-1  part  by  weight,  of  moisture  have  been  given  off  by  each  person 

inhabiting  the  room.  .  ^-i. 

The  orqanic  matters  contained  in  expired  air  are  small  m  quantity  and 
of  unknown  nature.    If  a  large  quantity  of  such  air  be  d^^^^^^hrough 
distilled  water,  or  if  its  moisture  be  condensed  by  cold,  the  liquid  thus  pro- 
duced contains  nitrogenous  matter,  has  a  pecuHar,  unpleasant  odour  and 
usually  soon  putrefies.    This  organic  matter  is  apparently  partly  suspended 
and    'made  up  of  small  particles  of  epithelium  and  fatty  -otters  detac^^^^^^^ 
from  the  skin  and  mouth,  and  partly  of  an  organic  vapour  fi-om  the  lungs 
anTmouth     The  organic  matter  from  the  lungs,  when  drawn  through 
tidnWc  acid  darkens  it;  through  permanganate  of  potash,  decolourises  it ; 
a^S^  throu^^^^^        water,  'renders'  it'  offensive.    Collected  from  the  air  by 
condeS  the  watery  vapour  on  the  sides  of  a  globe  containing  ice,  it  is 
oSnrto^e  precipi'ated'by  nitrate  of  silver,  _  to  decolour-  potessuim 
permanganate,  to  blacken  on  platinum  and  to  yield  ammonia  there 
fore  nitrogenous  and  oxidisable.    It  has  a  very  fcetid  smell,  and  this  is 
re  ained  ^n  a  room  for  so  long  a  time,  sometimes  for  four  hours,  even  when 
there  Is  free  ventilation,  as  to  show  that  it  is  oxidised  slowlJ^    It  is 
probably  in  combination  with  water,  for  most  hygroscopic  ^^^stances  absoA 
P.  1  ^oi.     Tf  ic,  ibsorbed  most  by  wool,  feathers,  damp  walls,  and  moist 
pap:?t"d  leL'bXw  -cl  hoL.l»i;.    The  colour  of  the  subs^nce 

aWuld  by  respiration,  the  smell  of  organic  matter  IB  generally  perceptible 
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•when  the  carbon  dioxide  reaches  O'S  per  1000  volumes,  and  is  very  strong 
■when  the  carbon  dioxide  amounts  to  1  per  1000. 

Carnelley,  Haldane,  and  Anderson  found  that  there  was  a  general 
relationship,  so  that  a  high  carbon  dioxide  is,  as  a  rule,  accompanied  by  a 
hifh  organic  matter,  and  vice  versd,  although  this  is  by  no  means  always 
the  case. 

"VNTien  the  air  of  inliabited  rooms  is  drawn  through  pure  water,  and  the 
fi-ee  ammonia  got  rid  of,  distillation  with  alkaline  permanganate,  by  the 
method  of  Wanklyn,  gives  a  perceptible  quantity  of  "albuminoid  ammonia." 
In  a  bed-room  at  9  p.m.,  A.  Smith  found  0"1901  milligramme  in  1  cubic 
metre  of  air;  at  7  a.m.  there  was  0"3346  milligramme  in  each  cubic  metre. 

The  average  of  eight  observations  in  the  external  air  (at  Portsmouth) 
save  0"0935  of  free  ammonia  and  0'0886  of  albuminoid  ammonia  in  milli- 
granmies  per  cubic  metre.  In  the  Portsmouth  General  Hospital  the  free 
ammonia  was  as  high  as  0*855,  and  the  albimiinoid  r307. 

The  Dmidee  experiments,  already  cited,  state  the  organic  matter  in  vols, 
of  oxygen  required  to  oxidise  it  per  1,000,000.  This  is  equal  to  c.c.  per 
cubic  metre,  each  c.c.  of  oxygen  weighing  1-43  of  a  milligramme.  The 
residts  are  much  higher  than  those  of  j^revious  observers,  the  mean  oxygen 
for  organic  matter  in  the  external  air  in  the  toAvn  being  8"9,  and  in  the 
suburbs  2*8  vols,  per  1,000,000  ;  they  would  equal  12'7  and  4  milligrammes 
respectively.  In  dwellings  it  was  found  to  increase,  though  not  to  the 
marked  extent  that  was  observed  in  bacteria,  but  the  increase  was  suffi- 
ciently proportionate  to  the  carbon  dioxide  to  support  the  view  that  they 
are  generally  coincident,  although  varying  much  in  individual  cases.  On 
the  other  hand,  there  seems  little  relation  between  the  carbon  dioxide  and 
the  number  of  micro-organisms. 

In  1888,  Bro-wn-Sequard  and  d'Arsonval  reported,  as  the  result  of 
repeated  experiments,  that  the  condensed  liquid  from  expired  air  contains 
a  volatile  poison  resembHng  a  ptomaine  ;  and  if  a  few  cubic  centimetres  of 
this  hquid  be  injected  into  rabbits  they  rapidly  die.  Earlier  observers 
had  obtained  similar  residts  by  enclosing  animals  in  glass  cases,  absorb- 
ing the  carbon  dioxide  produced,  and  supplying  oxygen :  yet  death 
ensued. 

The  experimental  results  of  Hermann,  Dastre,  Loye,  and  others  are  sug- 
gestive of  the  condensed  fluid  being  without  any  toxic  qualities.  Lehmann 
and  Jessen  state  that  neither  the  condensed  vapour  of  expired  air  nor  its 
distillate,  when  injected  either  subcutaneously  or  into  the  peritoneal  cavity 
of  rabbits,  has  any  effect  upon  their  health.  They  also  have  shown  that 
individuals  can  inspire  with  impunity  air  that  has  passed  through  the  con- 
densed vapour  of  expiration.  According  to  them,  no  analytical  methods  at 
their  disposal  could  detect  the  presence  of  poisonous  alkaloids  in  the  water 
condensed  from  expired  air  :  it  contains,  however,  traces  of  ammonia,  small 
portions  of  organic  matter,  some  hydrochloric  acid,  and  yields  a  peculiar 
odour  on  being  heated. 

On  the  other  hand,  Merkel  has  published  an  account  of  experiments 
which  appear  to  be  inconsistent  with  the  belief  that  no  volatile  poison, 
other  than  carbon  dioxide,  is  present  in  expired  air.  The  more  recent 
investigations  upon  this  point  in  this  country,  notably  by  Haldane  and 
bnnth  at  Oxford,  indicate  that  the  results  by  both  the  injection  and  ventila- 
tion methods  of  Brown-Sequard,  d'Arsonval,  and  Merkel  must  be  capable 
°  V*^^^  "^^^^^  interpretation  than  that  expired  air  contains  organic  matter 
which  is  of  the  nature  of  a  volatile  poison.  Their  chief  conclusions  are  to 
pne  elfect  that  (1)  the  immediate  dangers  from  breathing  air  highly  vitiated 
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by  respiration  arise  from  the  excess  of  carbonic  acid  and  deficiency  of 
oxygen,  and  not  from  any  special  poison  ;  (2)  that  any  hyperpnoea  which 
ensues  is  due  to  excess  of  carbon  dioxide,  and  not  to  tlie  corresponding 
deficiency  of  oxygen;  the  hyperpnoea  usually  appears  when  the  carbon 
dioxide  is  present  to  the  extent  of  from  3  to  4  per  cent.  ;  (3)  that  the 
frontal  headache  so  commonly  produced  by  vitiated  air  is  due  to  the  excess 
of  carbon  dioxide  ;  (4)  that  hyperpna3a  from  defect  of  oxygen  begins  to  be 
appreciable  when  the  oxygen  in  the  air  breathed  has  fallen  to  a  point  which 
appears  to  differ  in  different  individuals. 

Very   similar   conclusions   have  been   formulated  by  Bergey,  Weir 
Mitchell,  and  BiUings  as  the  result  of  their  inquiry  into  "  the  composition 
of  expired  air  and  its  effects  upon  animal  life."    They  believe  that  the 
discomfort   produced  by  crowded,  iU-ventilated   rooms   m   persons  not 
accustomed  to  them  is  not  due  to  the  excess  of  carbon  dioxide,  nor  to 
bacteria,  nor,  in  most  cases,  to  dusts  of  any  kind.    The  two  great  causes  of 
such  discomfort,  though  not  the  only  ones,  are  excessive  temperature  and 
unpleasant  odours.    These  odours,  which  are  perceptible  to  most  persons  on 
passing  from  the  outer  air  into  a  crowded  unventilated  room,  may  be  due  in 
part  to  volatUe  products  of  decomposition  contained  in  the  expired  air  of 
persons  having  decayed  teeth,  foul  mouths,  or  certain  disorders  of  the 
digestive  apparatus,  and  in  part  to  volatile  fatty  acids  produced  from  the 
excretions  of  the  skin,  and  from  clothing  soiled  with  such  excretions  ihe 
direct  and  indirect  effects  of  odours  of  various  kinds  upon  the  comfort,  and 
perhaps  also  upon  the  health,  of  men  are  probably  more  considerable  than 
are  indicated  by  any  tests  now  known  for  determining  the  nature  and 
quantity  of  the  matters  which  give  rise  to  them.    Though  the  matter  is  one 
which  stiU  requires  more  elucidation,  still  the  weight  of  evidence  is  greatly 
against  the  older  view  that  the  so-called  organic  matter  of  expired  air 
possesses  any  toxic  properties,  but  much  in  favour  of  the  belief  that  it  is 
the  excessive  presence  of  carbon  dioxide  and  diminished  amount  of  oxygen 
which  renders  air  vitiated  by  respiration  so  hurtful. 


DISEASES  PRODUCED  BY  IMPURITIES  IN  AIR. 

As  possible  and  actual  causes  of  diseased  conditions,  the  impurities 
present  in  the  air  may  be  considered  as  to  whether  they  exist  (1)  m  the 
form  of  dust  or  particulate  matter  from  fields,  rooms,  mines  or  workshops  ; 
(2)  in  the  form  of  gases  or  volatile  effluvia  arising  from  factories  drains 
iewers,  graveyards,  or  brickfields;  (3)  in  the  form  of  products  of  normal 

Matter._The  effect  which  is  produced 
on  the  respiratory  organs  by  substances  inhaled  into  the  lungs  has  long  been 
rnown.     to  other  writers  in  tlie  last  century  a^d 

Thackrah  more  than  fifty  years  ago  in  this  country,  directed  specid  attei^^^ 
ti-on  to  this  point,  and  since  that  time  a  great  amount  of  evidence  has 
^ccum^atel  'which  shows  that  the  effect  of  dust  of  different  kinds  m  the 
air  is  a  far  more  potent  cause  of  respiratory  diseases  than  usually  ad^ 
mitted  Affections  of  the  digestive  organs  are  also  caused,  but  m  a  much 
Skhter  dec^ree.  The  respiratory  affections  are  frequently  recurruig  catarrhs 
elher  dry  or  with  expectoration)  and  bronchitis,  with  subsequent  emphy^ 
ema  although  this  sequence  appears  from  the  figures  given  by  Hirt  o  be 
noTquite  so  frequent  as  was  supposed,  perhaps  from  the  cough  not  being 
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violent.  Acute  pneumonia,  and  especially  clironic  non-tubercular  phthisis, 
are  also  produced.  The  suspended  matters  in  the  air  which  may  produce 
these  affections  may  be  mineral,  vegetable,  or  animal ;  but  it  would  seem 
that  the  severity  of  the  effects  is  chiefly  dependent  on  the  amount  of  dust, 
and  on  the  physical  conditions  as  to  angularity,  rougliness,  or  smoothness 
of  the  particles,  and  nob  on  the  nature  of  the  substance,  except  in  some 
special  cases.  A  large  number  of  the  tuihealthy  trades  are  chiefly  so  from 
this  cause.  That  summer  catarrh  or  hay  fever  is  produced  in  many  persons 
by  the  pollen  from  grasses,  especially  Antlwxanthum  odoratum,  trees  or 
flowers,  is  now  generally  admitted.  It  is  also  known  that  the  spores  of 
certain  fungi  may  cause  skin  diseases  in  men,  and  that  some  forms  of 
Tinea  and  also  Favus  are  thus  sometimes  spread  seems  certain.  Again, 
that  the  infective  matters  of  such  diseases  as  scarlet  fever,  small-pox, 
measles,  typhus,  enteric  fever,  plague,  pertussis,  influenza,  and  others  may 
in  some  cases  reach  the  person  tlu:ough  the  medium  of  air,  as  well  as  by 
water  or  food,  cannot  be  doubted.  Whether  some  of  these  contagia  can 
find  nourishment,  and  thus  grow  in  the  air,  is  yet  doubtful,  but  it  seems 
clear,  however,  that  they  can  retain  the  powers  of  growth  for  some  time,  as 
shown  by  the  fact  that  the  small-pox  and  scarlet  fever  poisons  are  able  to 
infect  the  air  of  rooms  for  weeks  and  months. 

The  specific  poisons  manifestly  differ  in  the  ease  with  which  they  are 
oxidised  and  destroyed.  The  poison  of  typhus  is  very  readily  got  rid  of  by 
free  ventilation,  by  means  of  which  it  must  be  at  once  diluted  and  oxidised, 
so  that  a  few  feet  give,  under  such  circumstances,  sufficient  protection. 
This  is  the  case  also  with  the  poison  of  oriental  plague,  while,  on  the  other 
hand,  the  poisons  of  small-pox  and  scarlet  fever  will  spread  in  spite  of  very 
free  ventilation,  and  retain  their  power  of  causing  the  same  disease  for  a 
long  time.  In  the  case  of  malaria  the  poison  can  certainly  be  carried  for 
long  distances,  but  how  far  this  is  dependent  upon  the  action  of  winds 
alone,  apart  from  the  aid  of  insects  (mosquitoes),  is  at  present  uncertain. 
Some  have  supposed  also  that  the  poison  of  cholera  can  be  diffused  by  the 
wind  over  considerable  areas,  but  the  most  recent  observations  on  its  mode 
of  spread  lead  to  the  conclusion  that  the  portability  of  the  poison  in  this 
way  has  been  greatly  overrated,  if  it  is  not  absolutely  non-existent. 

But  the  specific  poisons  are  not  the  only  suspended  substances  which 
thus  float  through  the  atmosphere. 

There  can  be  no  doubt  that  while  purulent  and  granular  ophthalmia 
most  frequently  spread  by  direct  transference  of  the  pus  or  epithelium  cells, 
by  means  of  towels,  &c.,  and  that  erysipelas  and  hospital  gangrene,  in 
surgical  wards,  are  often  carried  in  a  similar  way,  by  dirty  sponges  and 
dressings,  another  mode  of  transference  is  by  the  passage  into  the  atmos- 
phere of  disintegrating  pus  cells  and  putrefying  organic  particles,  and  hence 
the  great  effect  of  free  ventilation  in  ophthalmia  and  in  erysipelas  and 
hospital  gangrene.  In  these  diseases  great  evaporation  from  the  walls  or 
floor  seems  in  some  way  to  aid  the  diffusion,  either  by  giving  a  great  degree 
of  humidity  or  in  some  other  way.  The  practice  of  frequently  washing  the. 
floors  of  hospitals  is  well  known  to  increase  the  chance  of  erysipelas,  and 
this  might  be  explained  by  the  moisture  and  subsequent  drying  helping  the 
development  and  subsequent  dissemination  of  minute  organisms. 

The  effects  upon  health  of  air  which  is  rendered  impure  by  mineral 
dust  and  dust  from  fabrics  is  clearly  shown  by  the  experiences  of  miners, 
nock-dressers,  paper-makers,  feather-dressers,  shoddy-grinders,  weavers, 
"wire-grinders,  masons,  file-cutters,  button-makers,  and  various  other  classes 
of  artisans.    The  case  of  miners  is  particularly  instructive. 
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Writing,  in  1862,  upon  the  conditions  under  which  miners  worked,  Sir' 
J.  Simon  states  that  the  air  of  coal-mines,  "  besides  being  chemically  insuf- 
ficient for  respiration,  also  carries  with  it  into  the  miner's  lungs  more  or  less 
irritant  material— material  which,  though  the  air  were  ever  so  well  oxygen- 
ated, would  itself  tend  to  produce  bronchitis— namely,  soot,  grit,  and  the 
acid  fumes  of  combustion."  He  further  goes  on  to  show  that  at  that  time, 
with  one  exception,  the  miners  in  England  as  a  class  break  down  prematurely 
from  bronchitis  and  pneumonia  caused  by  the  atmosphere  in  which  they 
live  and  work.  The  one  exception  which  he  gives  is  the  case  of  the 
Durham  and  Northumberland  colliers,  who,  owing  to  the  mines  in  those 
counties  being  exceptionally  well  ventilated,  do  not  appear  to  suffer  from 
an  excess  of  pulmonary  disease,  or  do  so  only  slightly.  Other  ^vriters  show 
equally  that,  thirty  years  ago  at  any  rate,  the  air  of  mines  was  bad  not  only 
from  respiratory  vitiation,  but  from  suspended  matter,  and  its  effect  on  the 
health  of  the  miners  was  correspondingly  bad. 

In  the  present  day,  OAving  to  sanitary  legislation,  the  air  of  mmes  gener- 
ally may  be  said  to  be  fairly  good.  Yentilation  is  more  or  less  efficiently 
carried  out,  particularly  in  the  mmes  of  the  North  of  England,  which  are 
less  dusty,  and  at  the  same  time  more  readily  ventilated  than  those  of  the 
Midland  counties  and  of  South  Wales.  Statistics  show  that  phthisis,, 
contrary  to  general  opinion,  is  not  an  excessively  common  disease  among 

°^^^The  special  decrease  in  diseases  of  the  lungs  among  the  South  StaflFord- 
shire  colliers,  following  improved  ventilation  of  the  mines,  has  been  pointed- 
out  by  Underbill ;  while  Nasmyth,  in  a  report  upon  the  air  of  some  Scotch 
coal-mines,  considers  that  miners  now  have  as  good  health,  if  not  better, 
than  above-ground  labourers,  at  least  so  far  as  regards  respiratory  diseases. 
Arlidge,  however,  dissents  from  this  opinion.  ,  ,  ^ 

Although,  thanks  to  the  introduction  of  efficient  ventilation,  of  shortened 
hours  of  labour,  and  to  the  increased  attention  given  to  the  hygiene  of 
mines,  the  general  health  of  miners  is  better  than  it  was  a  generation  a^o, 
stiU  much  dust  is  present  in  the  air  of  even  the  best  managed  mines,  and  the 
underground  workers  not  only  necessarily  breathe  large  amounts  of  it,  but 
suffer  from  its  effects.  The  extreme  fineness  of  coal  dust  diffused  m  pit 
workings  is  shown  by  its  liabihty  to  take  fire  and  cause  exp  osions.  This 
dust  when  inspired  enters  within  the  lung  tissue,  colours  it  both  superficially 
and  deeply  in  proportion  to  the  amount  and  duration  of  its  mlialation, 
and  provokes  subinflammatory  lesions  endmg  in  fibrosis  and  marked  by 
symptoms  of  chronic  bronchitis  and  by  dyspnoea.  UsuaUy  a  considerable 
time  elapses  before  the  lungs  take  much  notice  of  he  fo^-^ig^^^^^ter 
When  cough  is  estabhshed,  expectoration  follows.  The  curious  delay  m; 
the  appearance  of  expectoration,  especiaUy  that  of  a  purulent  c^^aracter  is  a 
feature  that  helps  ti  separate  cases  of  dust-diseased  lung  from  the  tuber- 
culous In  like  manner  does  the  usual  absence  of  haemoptysis.  Agam,  lung 
ZLs  from  dust  are  not  provocative  of  fever,  as  is  tuberculosis;  diarrhoea 

is  no  feature  of  them,  nor  is  aphonia.  •    fi,of  nf  n  <,l,iwlv 

The  pathology  of  the  morbid  changes  m  these  cases  is  that  of  a  slowly 

generated  fibrosfs  of  the  lung ;  it  is  not  peculiar  o  coal  mining,  but  follo^^s 

the  continuous  inhalation  of  other  dusts  besides  that  of  coal. 

In  the  pottery  trade  all  classes  of  workmen  are  exposed  to  dust,  e  pec  ally 

however,  the  flat-pres^ers.    So  common  is  emphysema  that  it  is  caUed  the 

^°'fo'll?o  among  the  china  scourers;  the  light  siliceous  dust  disengaged  in 
great  quantities  is  the  cause  of  much  disease. 


EFFECTS  OF  DUST  AND  PARTICULATE  MATTER. 


173 


The  grinders  of  steel,  especially  of  the  finer  tools,  suffer  perhaps  the  most 
of  all  from  the  effects  of  dust,  though  of  late  years  the  evil  has  been  some- 
wliat  lessened  by  the  introduction  of  wet-grinding  in  some  cases,  by  the  use 
of  ventilated  wheel-boxes,  and  by  covering  the  work  with  linen  covers  when 
practicable.  The  wearing  of  masks  and  coverings  for  the  mouth  appears  to 
be  inconvenient,  otherwise  there  is  no  doubt  that  a  great  amount  of  the  dust 
might  be  stopped  by  very  simple  contrivances. 

Button-makers,  especially  the  makers  of  pearl  buttons,  also  suffer  from 
chronic  bronchitis,  and  from  the  so-called  fibroid  phthisis.  So  also  pin- 
pointers,  some  electro-plate  workmen,  and  many  other  trades  of  the  like 
kind,  are  more  or  less  similarly  affected. 

In  some  of  the  textile  manufactures  much  harm  is  done  in  the  same 
way.  In  the  carding  rooms  of  cotton,  and  wool,  and  silk  spinners  there  is 
a  great  amount  of  dust  and  flue,  and  the  daily  grinding  of  the  engines 
disengages  also  fine  particles  of  steel.  Since  the  cotton  famine,  a  size  com- 
posed in  part  of  china  clay  (35-35  grains  of  clay  in  100  of  sizing  on  an 
average)  has  been  much  used  in  cotton  mills,  and  the  dust  arising  has 
produced  injurious  effects  on  the  lungs  of  the  weaver. 

In  order  to  communicate  the  necessary  amount  of  humidity,  without 
'  which  the  warp  thus  sized  with  china  clay  could  not  be  woven,  of  late 
years  steam  has  been  injected  into  the  weaving  sheds,  so  that  the  weavers, 
instead  of  breathing  in  dust,  fill  their  lungs  with  moisture,  and  work  all 
day  in  damp  clothes,  becoming  very  liable  to  bronchitis,  &c.,  on  leaving  the 
over-heated  factory. 

In  flax  factories -a  very  irritating  dust  is  produced  in  the  process  of 
hackling,  carding,  line  preparing,  and  tow-spinning.  In  shoddy  factories, 
also,  the  same  thing  occurs.  These  evils  appear  to  be  entirely  and  easily 
preventable.  In  some  kinds  of  glass-making,  also,  the  worlonen  suffer 
from  floating  particles  of  sand  and  felspar,  and  sometimes  potash  or  soda- 
salts. 

The  makers  of  grinding-stones  suffer  in  the  same  way;  and  children 
working  in  the  making  of  sand-paper  are  seriously  affected,  sometimes  in 
a  very  short  time,  by  the  inhalation  of  fine  particles  of  sUica  into  the 
lungs. 

In  making  Portland  cement,  the  burnt  masses  of  cement  are  ground 

■  down,  and  then  the  poAvder  is  shovelled  into  sacks ;  the  workmen  doing  this 
'  cough  a  great  deal,  and  often  expectorate  little  masses  of  cement.    Some  of 

them  have  stated  that  if  they  had  to  do  the  same  work  every  day  it  would 
bejmpossible  to  continue  it  on  account  of  the  lung  affection.    Sir  Charles 
'  Cameron  has  called  attention  to  the  fatal  effects  of  vapours  of  silicon 
:  fluoride  in  making  superphosphate ;  it  forms  a  gelatinous  deposit  on  the 
:  mucous  membrane  of  the  air-passages,  and  causes  death  by  suffocation. 

The  makers  of  matches,  who  were  exposed  to  the  fumes  of  phosphorus, 
I  suffered  formerly  from  necrosis  of  the  jaw,  if  there  were  any  exposed  part 

■  on  which  the  fumes  could  act.  This,  however,  is  now  obviated  by  the  use 
'  of  amorphous  or  red  phosphorus,  which  is  harmless. 

In  making  bichromate  of  potash,  the  heat  and  vapour  employed  carry  up 

■  fine  particles,  which  lodge  in  the  nose  and  cause  great  irritation,  and  finally 
ulceration,  and  destruction  of  both  mucous  membrane  and  bone.    Those  who 

■  take  snuff  escape  this.  The  mouth  is  not  affected,  as  the  fluids  dissolve 
and  get  rid  of  the  salt.  The  skin  is  also  irritated  if  the  salt  is  rubbed  on  it, 
and  fistulous  sores  are  apt  to  be  produced.    No  eflect  is  noticed  to  be  pro- 

'  duced  on  the  lungs.  Washing  the  skin  with  subacetate  of  lead  is  the  best 
I  treatment. 
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In  the  process  of  sulphuring  vines  the  eyes  often  suffer,  and  sometimes 
(especially  when  lime  is  used  with  the  sulphur)  decided  bronchitis  is 
produced. 

In  some  trades,  or  under  special  circumstances,  the  fumes  of  metals, 
or  particles  of  metallic  compounds,  pass  into  the  air.  Brassfounders 
suffer  from  bronchitis  and  asthma  as  in  other  trades  in  which  dust  is 
inhaled ;  but  in  addition  they  also  suffer  from  the  disease  described  as 
"brassfounders'  ague."  It  has  been  thought  to  have  been  produced  by 
the  inhalation  of  fumes  of  zinc  oxide;  the  symptoms  are  tightness  and 
oppression  of  the  chest,  with  indefinite  nervous  sensations,  followed  by 
shivering,  an  indistinct  hot  stage,  and  profuse  sweating.  These  attacks 
are  not  periodical.  They  are  probably  due  to  an  admixture  of  zinc  and 
copper  poisoning. 

Coppersmiths  are  affected  somewhat  in  the  same  way,  by  the  fumes 
arising  from  the  partly  volatilised  metal,  or  from  the  spelter  (solder). 

Tinplate  workers  also  suffer  occasionally  from  the  fumes  of  the  soldering. 

Plumbers,  also,  are  now  and  then  affected  by  the  fumes  of  solder,  of 
which  lead  is  a  principal  ingredient,  as  well  as  by  handUng  the  metal  itself. 
Nausea  and  tightness  of  the  chest  are  the  first  symptoms,  and  then  colic 
and  palsy. 

Manufacturers  of  white  lead  inhale  the  dust  chiefly  during  the  handlmg 
of  the  jars  containing  the  converted  metal — the  carbonate — and  during  the 
process  of  crushing.    Its  subsequent  grinding  is  done  Avet. 

House  painters  also  inhale  the  dust  of  white  lead  to  a  certain  extent, 
though  in  these,  as  in  former  cases,  much  lead '  is  swallowed  from  want  of 
cleanliness  of  the  hands  in  taking  food. 

Workers  in  tobacco  factories  suffer  in  some  cases,  and  there  are  persona 
•who  can  never  get  accustomed  to  the  Avork  ;  yet  with  proper  care  and 
ventilation  it  appears  that  no  bad  effects  ordinarily  result. 

Workers  in  mercury,  silverers  of  mirrors,  and  water  gilders  (men  who 
coat  metal  with  an  amalgam  of  mercury  and  gold)  are  subject  to  mercurial- 
ismus.  Electricity  has  rendered  gilding  with  the  aid  of  mercury  to  some 
extent  obsolete ;  while  modern  invention  has  replaced  the  older  method  of 
silverino-  mirrors  by  one  largely  devoid  of  its  evils,  namely,  by  precipitating 
metalHc'' silver  upon  the  surface  of  the  glass  from  a  tartrate  of  the  metal. 

Workmen  who  use  arsenical  compounds,  either  m  the  making  of 
waU  papers  or  of  artificial  flowers,  &c.,  suffer  from  slight  symptoms  of 
arsenical  poisoning,  and  many  persons  who  have  inhaled  the  dust  of  rooms 
papered  with  arsenical  papers  have  suffered  from  both  local  and  constitutional 
effects     Arsenic  has  been  detected  in  the  urine  of  such  persons. 

From  an  account  of  the  diseases  among  workmen  in  France  employed  m 
makincr  patent  fuel,  a  mixture  of  coal-dust  and  pitch,  it  appears  that  they 
suffer  from  melanodermy,  cutaneous  eruptions,  and  e^Dithehal  cancers,  affec- 
tions of  the  eyes,  ears,  and  nose;  bronchitis  with  pubnonary  pseudomelanosis; 
and  crastro-entero-hepatic  disorders.  Hirt  also  mentions  some  of  the  diseases 
produced  among  workmen  by  the  vari^is  tar-products. 

Effects  of  Gases  and  Volatile  Effluvia.— The  evidence  regarding  the 
influence  of  gases  and  other  emanations  upon  health  is  both  indefinite  and 
discursive.    It  will,  however,  be  most  conveniently  considered  m  the  f  oUow- 

Ammlni^cal  Vapours.-KYi  irritating  effect  on  the  conjunctiva  seems  to 
be  the  most  marked  effect  of  the  presence  of  these  vapours.  There  is  no 
evidence  showing  any  other  effect  on  the  health. 

Hydrochloric  Acid  Vapours  in  large  quantities  are  very  irritating  to  the 
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lunfTs ;  -when  poured  out  into  the  air,  as  was  formerly  the  case  in  the  alkali 
manufactures,  they  are  so  diluted  as  apparently  to  produce  no  effect^  on  men, 
but  they  completely  destroy  vegetation.  In  some  processes  for  making  steel, 
hydrochloric,  sulphurous,  and  nitrous  acids,  and  chlorine  are  all  given  out, 
and  cause  bronchitis,  pneumonia,  and  destruction  of  lung  tissue,  as  well  as 
eye  diseases. 

Carbon Disulphide. — In  certain  processes  in  the  manufacture  of  vulcanised 
india-rubber  a  noxious  gas  is  given  off,  supposed  to  be  the  vapour  of  carbon 
disulphide.  It  produces  headache,  giddiness,  pains  in  the  limbs,  formication, 
sleeplessness,  nervous  depression,  and  complete  loss  of  appetite.  Sometimes 
there  is  deafness,  dyspnoea,  cough,  febrile  attacks,  and  even  amaurosis  and 
paraplegia.  The  effects  seem  due  to  a  direct  anaesthetic  effect  on  the  nervous 
tissue. 

Carburetted  Hydrogen. — A  large  quantity  of  carburetted  hydrogen  can  be 
breathed  for  a  short  time, — as  much,  perhaps,  as  200  to  300  volumes  per 
1000.  Above  this  amount  it  produces  symptoms  of  poisoning,  headache, 
vomiting,  convidsions,  stertor,  dilated  pupil,  &c. 

Breathed  in  small  quantities,  as  it  constantly  is  by  some  miners,  it  has 
not  been  shown  to  produce  any  bad  effects ;  but  there,  as  in  so  many  other 
cases,  it  is  to  be  wished  that  a  more  careful  examination  of  the  point  were 
made.  Without  producing  any  marked  disease,  it  may  yet  act  injuriously 
on  the  health.  Hirt  says  that  cases  of  chronic  poisoning  are  not  uncommon. 
Corfield  has  also  noticed  this. 

Carbon  Monoxide. — Of  the  immense  effect  of  carbon  monoxide  there  is 
no  doubt.  The  red  colouring  matter  of  the  blood  forms  with  the  carbonic 
oxide  a  much  more  stable  compound  than  it  does  Avith  oxygen,  and,  conse- 
quently, in  the  presence  of  the  gas,  the  oxygen  of  the  blood  gradually  be- 
comes replaced  by  carbonic  oxide.  If  too  little  of  the  oxygen  compound 
is  formed  to  su25port  life,  death  ensues.  Air  containing  0"4  per  cent,  of 
carbonic  oxide  may  in  one  hour  prove  fatal  to  a  person  asleep.  The  com- 
pound formed  by  the  colouring  matter  of  the  blood  with  carbonic  oxide  is 
of  a  cherry  red  colour,  and,  usually,  when  death  has  resulted  from  its  inhala- 
tion, the  pink  colour  of  the  lips,  of  the  nails,  and  of  any  other  part  of  the 
body  Avhere  the  colour  of  the  blood  can  be  seen  through  the  skin  is  suffi- 
ciently indicative  of  the  cause.  A  very  rapid  parenchymatous  degeneration 
takes  place  in  the  heart  and  muscles  generally,  and  in  the  liver,  spleen,  and 
kidneys.  Hirt  says  that  at  high  temperatures  (25°  to  32°  C.  =  77°  to  90° 
F.)  it  produces  convulsions,  but  not  at  low  temperatures)  8°  to  12°  C.  =  46° 
to  54°  R). 

If,  on  the  other  hand,  fresh  air  is  admitted  to  the  lungs  before  death 
occurs,  the  carbonic  oxide  is  gradually  eliminated  from  the  blood.  The 
eliminating  force  is  the  affinity  of  oxygen  for  the  colouring  matter,  and, 
since  the  one  gas  tends  to  drive  the  other  out,  the  higher  the  percentage  of 
oxygen  in  the  air  breathed,  the  quicker  wiU  the  elimination  of  the  carbonic 
oxide  be. 

The  use  of  "  water  gas  "  by  municipalities  and  gas  companies  has  added 
much  to  the  danger  from  carbonic  oxide  poisoning.  In  thirty-two  towns 
in  England  carburetted  water  gas  is  distributed  to  consumers  mixed  with 
ordinary  coal  gas. 

Water  gas  is  made  by  passing  steam  through  incandescent  coke  or 
anthracite  coal.  It  burns  with  a  non-luminous  flame  and  when  purified 
oas  no  smell,  but  the  flame  can  be  made  luminous  for  lighting  purposes,  and 
the  heating  power  greatly  increased  by  a  process  known  as  "  carburetting," 
in  which  vapourised  oil  is  added  to  the  gas.    Carburetted  water  gas  has  a 
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strong  smell,  like  that  of  coal  gas.  Occasionally,  purified  water  gas  is 
"  odorised  "  by  admixture  of  some  strong  smelling  sulastauce,  such  as  mercap- 
tan,  but  unpurified  water  gas  smells  of  sulphuretted  hydrogen  gas.  _ 

Instead  of  steam  alone,  a  mixture  of  superheated  steam  and  air  can  be 
passed  through  the  mass  of  incandescent  fuel,  and  gas  prepared  in  this  way 
under  the  name  of  Dowson  gas  is  made  in  many  factories,  and  can  be 
substituted  for  coal  gas  when  light  is  not  required,  as  in  gassing  silks,  &c. 

The  particular  danger  associated  with  water  gas,  Dowson  gas,  &c.,  is  that 
of  poisoning  by  carbon  monoxide.  In  carburetted  water  gas  it  reaches  30 
per  cent,  and  in  the  uncarburetted  water  gas  amounts  to  nearly  50  per  cent. 
Dowson  gas  usually  contains  25  per  cent.  _ 

Fatal  poisoning  in  factories  has  resulted  from  the  cleaning  out  Dowson 
tanks  before  a  sufficient  time  had  been  aUowed  for  the  gas  to  escape,  from 
repairing  faulty  connections  in  pipes  containing  the  gas,  and  from  gradual 
escape  of  the  gas  through  faulty  valves  of  a  gas  engine.  Carbon  monoxide 
is  also  found  in  lime  kilns,  and  where  braziers  and  coke  fires  are  used  m 
confined  spaces. 

Hydrogen  Sulphide.— The  evidence  with  regard  to  this  gas  is  contra- 
dictory. While  dogs  and  horses  are  a£fected  by  comparatively  small  quantities, 
and  suffer  from  purging  and  rapid  prostration,  men  can  breathe  a  larger  amount. 

When  inlialed  in  smaU  quantities,  and  continuously,  it  has  appeared  in 
some  cases  harmless,  in  others  hurtful.  Thackrah,  in  his  inquiries,  could 
trace  no  bad  effects.  It  is  said  that  in  the  Bonnington  chemical  worksj 
where  the  ammoniacal  Hquor  from  the  Edinburgh  gasworks  is  converted 
into  sulphate  and  chloride  of  ammonium,  the  workmen  are  exposed  to  the 
fumes  of  ammonium  and  hydrogen  sulphides  to  such  an  extent  that  coms 
are  blackened ;  yet  no  special  malady  is  known  to  result  The  same 
observations  have  been  made  at  the  Britannia-metal  works,  where  a  super- 
ficial deposit  of  sulphide  is  decomposed  with  acids.         _  _ 

Hirthas  no  doubt  of  the  occurrence  of  chronic  poisoning  among  men - 
who  work  among  large  quantities  of  the  gas.  The  symptoms  are  chiefly 
weakness,  depression,  perfect  anorexia,  slow  pulse,  furred  tongue  mucous 
membrane  of  the  mouth  pale,  as  is  also  the  face  Sometimes  there  is  a 
furunculoid  eruption  on  different  parts  of  the  body.  In  some  cases  there 
are  vertigo,  headache,  nausea,  diarrhcea,  emaciation,  and  head  symptoms 
He  notices  differences  of  susceptibihty,  which  is  also  sometimes  increased 

with  custom.^  quantity  of  hydrogen  sulphide  is  g;iven  out  from  some  of  the 
salt  marshes  at  Singapore  that  slips  of  paper  moistened  m  acetate  of  lead 
are  blackened  in  the  open  air;  yet  no  bad  effect  is  found  to  ensue 

On  the  other  hand,  some  of  the  worst  marshes  m  Italy  are  those  m 
which  hydrogen  sulphide  exists  in  large  quantity  m  the  air  ;  and  it  has  been 
rpposed  that  the  Wghly  poisonous  action  of  the  .--;^\f- ^^S^^^^ 
to  the  sulphuretted  hydrogen.  Again,  m  he  making  of  the  Th^^J^yj^^' 
the  men  were  exposed  to  hydrogen  sulphide  which  was  ^^^^^^^^^^ 
decomposition  of  iron  pyrites:  after  a  time  they  became  feeble  lost  their 
areS  and  finally  passed  into  a  state  of  great  prostration  and  anemia : 
Sveral  died.    Nor,  so  far  as  is  known,  was  there  anything  to  account  for 

''S''r~'if^^Stro-benzene,  chloro-nitro-benzen.  and 
ammSniLte,  has  lately  been  used  as  an  explosive  m  coal-mines,  as  it 

Ei^i»lr  o^Sfl^ 
W  ion  flid  to  suffer  from  pains  in  the  head  and  stomach,  difliculty  of 
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breathing  on  exertion,  and  loss  of  muscular  power ;  with,  in  severe  cases 
blueness  of  lips,  high-coloured  urine  and  loss  of  consciousness.  These 
symptoms  may  be  acute  or  chronic ;  they  are  characteristic  of  nitro-benzene 
poisoning.  Other  persons,  not  handling  the  roburite  cartridges,  but  exposed 
to  its  fumes,  suffered  from  headache,  tightness  across  the  forehead,  loss  of 
muscidar  power,  drowsiness,  and  occasionally  vertigo,  followed  by  vomitin". 
Carbon  monoxide  is  produced  by  its  explosion,  and  every  care  should  be 
taken  to  remove  the  fumes  by  thorough  ventilation. 

Somewhat  similar  symptoms,  but  especially  marked  cyanosis,  have  been 
noted  in  connection  with  the  manufacture  of  the  "  Sicherheit  explosive." 

Nitro-benzol,  formed  by  the  action  of  nitric  acid  upon  benzol  and  used 
in  some  manufactures,  is  closely  allied  to  the  foregoing.  Long  exposure  to 
its  vapour  produces  stupor  ;  if  the  vapour  is  inhaled  in  a  concentrated  form, 
the  drowsiness  passes  in  a  short  time  into  complete  coma.  The  mind 
remains  clear  until  the  stupor  suddenly  comes  on,  when  the  insensibility 
is  usually  complete.  Death  frequently  ensues  in  a  few  hours.  Letheby, 
who  had  considerable  experience  of  these  fumes,  attributed  the  symptoms 
which  they  produced  to  the  conversion  within  the  body  of  nitro-benzol  into 
aniline,  but  this  view  has  not  been  confirmed  by  experimental  facts. 

Myrbane  is  a  form  of  nitro-benzol,  having  only  slightly  poisonous 
properties,  unless  taken  or  inhaled  in  large  amount.  Owing  to  its  bitter- 
almond  odour  and  taste,  it  is  used  as  a  scent  for  soaps  and  pomades,  also  to 
give  flavour  to  sweetmeats. 

A  table  (from  Lehmann)  is  given  below,  which  shows  the  concentrations 
at  which  some  important  industrial  gases  occasion  injury  to  health. 


Hydrochloric  acid, 

Sulphur  dioxide, 
Carbon  dioxide,  . 

Ammonia,  . 


Chlorine  and 

Bromine,  . 
Iodine, 
Hydrogen  sul 

phide, 
Carbon     di  -  sul 

phide. 


Carbon  monoxide, 


Concentrations 
which  rapidly 
cause  dangerous 
injury. 


1"5  to  2  per 
1000 

0-5  per  1000 

About  30  per 
cent. 


2  "5  to  4 '5  per 
1000 

0-04  per  1000 


0-5  per  1000 
0-01  per  1000 

2-3  per  1000 


Concentrations 
bearable  for  30  to 
60  minutes 
without  grave 
effects. 


0-05    to  0-1 
per  1000 

0"05   or  less 
per  1000 
6  to  8  per  cent. 


0-3  per  1000      O'l  per  1000 


Concentrations 
which  occasion 

only  trifling 
symptoms  after 
an  action  of  some 
hours. 


0-01  per  1000 


1  to  2  per  cent. 


Authorities. 
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and  storers  of  woollen  articles,  are  exposed  to  this  gas,  the  amount  of  vvhich 
in  the  atmosphere  is,  however,  unknown.  The  men  suifer  from  bronchitis, 
and  are  frequently  sallow  and  ansemic.  ^x.     t       +  ^^„<. 

When  sulphur  dioxide  is  evolved  in  the  open  air,  and  therefore  at  once 
largely  diluted,  as  in  copper  smelting,  it  does  not  appear  to  F^duce  a^^^^^^^^ 
effects  in  men,  and  indeed  persons  living  m  volcanic  ^^^^^ries  have  some 
times  a  notiok  that  the  fumes  of  this  gas  are  good  for  the  health  ,  de 
Crumont  was  told  so  by  the  people  in  the  neighbourhood  of  Vesuvius, 
mr  howrer  it  is  washed  down  with  rain,  it  affects  herbage  and 
tough  thlherbage,  cattle ;  it  is  then  said  to  cause  affections  of^the  bones, 
fnllincr  off  of  the  hair,  and  emaciation.  ,        ,       mi  r 

Sets  0^^^^  from  Brickfields  and  Cement  Works.-The  fumes 

from  burning  bricks  differ  in  composition  according  as  to  whether  they  are 
burnt  in  IdL  or  clamps.  In  kiln  burning,  the  brides  are  burnt  by  the 
aid  of  oal,  no  combustible  material  being  mixed  w  th  ^^^^^J^^' J^^^^ 
burning,  the  green  bricks  are  mixed  with  a  smal  proportion  of  ashes  or 
other  d^ris  aid  then  arranged  in  layers  alternating  with  breeze,  so  as  to 
f^mrauldZKnlar  pile.  The  breeze  is  set  alight  by  means  of  ^^^aU  W 
Z  cSres  Samp  burning  is  distinctly  offensive,  as,  m  addition  to  the 
^rdin"  J  g Ses  of  comLtion,  fertain  pyroligneous  matters  are  -i  f  whr^^ 
have  an  intensely  disagreeable  odour;  these  objectionable  effects  mainly 
result  f^omtruse  of  household  refuse  in  the  construction  of  the  clamps 
Threffluvia  fror^  brick  clamps  and  kilns  are  usually  acid  irritating  and 

this  mixture,  whereby  large  quantities  of  carbon  dioxide,  ^^^^on  mon  , 

the  .najority  of  these  f^f.^-llT^^Tf^Z^^^^:^^ 
vapours  are  constantly  producod,  f  JJ^=^7j°bu  involving 

are  at  the  same  time  most  offensive.    In  the  "f'"  ^.j^^  ammonia  is 

the  keeping  of  animals  '-"P^Sn-Jo;  «t  making, 
the  chief  offence.    In  tannmg  and  JJ'^"^  decomposition  o! 

and  fcll-mongering,  ammonia  and  other  Pf°™^''  °'  india-rubber 


EFFECTS  OF  EFFLUVIA  FROM  SEWERS  AND  HOUSE  DRAINS.  179 

similarly,  in  the  making  of  paper  and  wood  pulp,  a  peculiar  and  oflFensive 
odour  of  an  indefinite  nature  is  a  constant  feature.  The  presence  of  alkaline 
sulphide  vapours  is  the  chief  objection  to  the  making  of  sal-ammoniac,  coal 
gas,  carbolic  acid,  and  the  distillation  of  tar.  The  extremely  irritating 
acrolein  vapours  are  the  product  of  linoleum  factories,  and  distilleries  of 
palm  oil,  "foots,"  and  other  kinds  of  grease.  From  alkali  works,  the  acid 
fumes  produced  are  sulphuric  acid,  sulphurous  acid,  nitric  acid,  various 
other  noxious  oxides  of  nitrogen,  sulphuretted  hydrogen  and  chlorine.  In 
the  case  of  the  making  of  sulphuric  acid,  the  chief  effluvia  are  caused  by  the 
escape  of  sulphurous  acid  and  the  higher  oxides  of  nitrogen ;  while  fumes 
of  hydrochloric  and  sulphurous  acids  largely  result  from  the  manufacture 
of  salt,  and  the  heavy  odour  of  essence  of  myi-bane  with  nitrous  acid  is 
the  chief  effluvium  from  the  making  of  picric  acid  and  the  aniline  colours. 

Although  these  industrial  gases  frequently  constitute  a  nuisance,  it  "is 
difficult  m  the  greater  number  of  instances  to  bring  forward  any  positive 
evidence  of  insalubrity.  The  odours,  however,  in  most  cases  are  so  bad 
that  rules  have  to  be  enforced  to  secure  the  conveyance  in  covered  carts  or 
receptacles  of  all  offensive  matters  in  or  about  the  business  premises 
bimilarly,  m  order  to  prevent  nuisance  from  the  vapours  given  off  in 
boilmg  processes,  all  such  operations  need  to  be  conducted  in  closed  vessels 
each  havmg  a  pipe  to  lead  the  steam  into  a  furnace  flue.  In  other  cases' 
the  arrest  of  offensive  gases  is  secured  by  condensation  in  a  special  apparatus' 
or  their  absorption  is  effected  by  lime  and  other  chemical  means 

Effects  of  Effluvia  from  Sewers  and  House  Drains.— Cases  of  asphyxia 
from  hydrogen  sulphide,  ammonium  sulphide,  carbon  dioxide,  and  nitrogen 
(or  possibly  rapid  poisoning  from  organic  vapours),  occasionally  occur  both 
m  sewers  and  from  the  opening  of  old  cesspools.  In  a  case  at  Clapham 
the  clearmg  out  of  a  privy  produced  in  twenty-three  children  violent  vomit- 
ing and  purgmg,  headache  and  great  prostration,  and  convulsive  twitching. 
ot  the  muscles.  Two  died  in  twenty-four  hours.  ° 
These  are  instances  of  mephitic  poisoning  in  an  intense  degree  :  but 
when  men  have  breathed  the  air  of  a  newly-opened  drain  in  much  smaller 
amounts,  marked  effects  are  sometimes  produced;  languor  and  loss  of 
appetite  are  followed  by  vomiting,  diarrhoea,  colic,  and  prostration.  The 
effluvia  which  have  produced  these  symptoms  are  usually  those  arising  from 
a  dram  which  has  been  blocked  for  some  time.  Wliei  the  air  of  leweS 
penetrates  mto  houses,  and  especially  into  bed-rooms,  it  certainly  causes  a 
greatly  impaired  state  of  health,  especiaUy  in  children.    They  lose  apnetite 

t'Tl  ^T-^"^'         ^^^^^  '^^-^l^^^'  olde/pSsonTsuffe; 

irom  headaches,  malaise,  and  feverishness ;  there  is  often  some  degree  of 

fecti^LrieVon'         ^^""^  °^  ''^        ^^^""^  P^^" 

In  some  cases  decided  febrile  attacks  lasting  three  or  four  davs  and 

ntrSch"\W  'r'"'^  ^T^^^'  ^^^^  1-own.^H'ous^^^ 
imo  Winch  there  has  been  a  continued  escape  of  sewer  air  have  been  so 

L  roTv^r'^f ^-^^^        -  them,  and  thi  ha  no 
been  only  from  the  prevalence  of  fever,  but  from  other  diseases. 

iarr,t  ^^ho  ^o^k  ill  sewers  which  are  not  blocked  or 

fcy  i'auST  disengagement  of  hydrogen  s^^^^^^^^^^^^^ 

£  SnTl^'  '^^J''*  ^^'^^  ^^h^*«-  The  air  in  many  sewers 
fchos^of  Sa  L^ilr^  impure;  the  analyses  of  Letheby  and  Miller,  and 
is  ve'; lifcufi'^^^^^^^  have  shown  that  generally  the  amount  of  carbon  dioxide 
trace  of  h!^^^^^^  excess  of  that  m  the  external  air,  and  that  there  is  hardly  a 
wace  of  hydrogen  sulphide  or  of  foetid  organic  effluvia.    The  air  in  the  hoLe 
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drains  is  often,  in  fact,  more  impure  than  that  of  the  main  sewers.  This  is 
Te  case  also  iA  other 'places,  and  is  to  be  f --^^^  ^  'J  \t 
openings  in  the  sewers,  by  tlie  porosity  of  the  walls,  by  ^^^^'""^^ 
ventilation  produced  by  the  air  being  dravvn  into  ^/^.^^'^^^^'l^^y^^^^nr^ 
of  water  in  the  sewers  being  often  so  great,  and  its  ^0^^^"  /'^P^'  '^^jf^ 
materially  lessen  deposits  and  other  sources  of  generation  of  gas.  1  he 
ovkle^^^^^^^^^  the  Ihole,  opposed  to  the  view  that  sewer-men  suffer  m 
hpnlth  in  conseauence  of  their  occupation. 

A  i™  recent  inquiry  conducted  into  the  health  of  the  sewer-men  in 
LoilrdTd  not  ttecLn^  excess  of  disease  among  them,  and  m  Liverpoo 
also  tS^  s  weTmen  are  said  to  have  good  health.  _  The  workmen  employed 
at  ?he  various  sewage  outfalls,  who,  though  not  m  the  sewers,  breathe  the 
ffati Ja  isTng  from^the  settling  tanks,  do  not  find  it  an  unhealthy  occupation 

It  does  not  appear,  therefore,  that  at  present  the  workmen  connected 
with  fa  rly  ventikted  sewers  show  any  excess  of  disease  ;  at  the  ^ame  time  t 
must  be  allowed  that  the  inquiry  has  not  been  very  rigorously  prosecuted, 
Td  that  the  length  of  time  the  men  work  in  sewers,  their  average  yearly 
Z^^ta  ity  discharge  from  sickness,  loss  of  time  from  sickness,  and  the  effect 
prodSon  their°expectation  of  life,  have  not  been  perfectly  ^e—^^^ 

The  air  of  sewers  passing  into  houses  aggravates  most  decidedly  tne 
severity  of  the  exanthemata,  more  especially  such  diseases  as  erysipdas 
hosiital  gangrene,  and  puerperal  fever ;  it  has  probably  ^-  ^-^^^^^  f - 
nn  ill  diseases     That  pneumonia  may  be  connected  with  efflnvia  iro  n 

defective  drainage  as  an  agency  m  the  incidence  of  the  disease 

exposed  to  sewage  emanations,  either        ^^^^^^^^^'w^  the  fever. 

thL,  and  in  which  P^-^^^^^^^^ 

Many  of  these  occurred  before  the  '']''^^l'^^l''Xriel^^^^^^  m  health,  which 
nised,  and  it  is  open  to  ^rgu^^^^i;^!^^*^^^^.^!  ^^^^^^^^^^^^^^  drains  ik  these 
followed  the  introduction  of  ^^^l^^f  ^^^^^  of  pollution  to  local  water- 
:^i:^t;:J  ^tte=^^Se:U  the  entrance  of  sewer 

and  sewer  gases  escaping  into  dwel hn^s  ^'ll^^'^^^^^^^^  overlooked 
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infection  of  the  drinking-water  by  speciiically  tainted  matter  sucked  up 
into  cisterns  or  pipes  from  the  trapping  bends  of  faultily  planned  and  con- 
structed drains.  The  well-known  outbreak  of  enteric  fever  at  Caius  College, 
Cambridge,  investigated  by  the  late  Sir  G.  Buchanan,  was  traced  by  him 
to  a  similar  cause.  The  outbreak  in  question  was  mainly  limited  to  a 
particular  section  of  the  College,  known  as  Tree  Court :  and  owing  to  the 
extraordinary  arrangement  of  the  water-supply  and  Avater-closets  in  this 
part  of  the  College,  the  system  of  i^ipes  for  the  water-supply  became,  at 
times,  not  only  the  means  of  ventilating  the  sewers  and  drains  into  the 
building,  but  were  also  the  means  by  which,  if  a  certain  trap  happened  to 
be  full  of  excrement,  that  excrement  was  sucked  up  into  the  water-main  of 
Tree  Court,  and  subsequently  distributed  with  the  water  throughout  the 
Court.  In  this  case,  the  entrance  of  excretal  matter  into  the  water-supjjly 
was  an  etiological  factor  of  greater  importance  than  the  escape  of  sewer  gas 
or  air  into  the  building. 

The  view  that  there  is  a  connection  between  sewer  air  and  enteric  fever 
has  been  much  combated  by  German  writers,  notably  by  Soyka  and  Nageli. 
Their  contention  is  that  enteric  fever  is  not  due  to  the  influence  of  sewer  air, 
because  it  is  rare  that  such  air  gets  into  houses ;  and  experiments  are  cited 
to  prove  this.  It  is,  however,  admitted  and  demonstrated  by  Soyka,  in 
the  table  which  he  gives,  that  a  similar  improvement  in  the  health  of  towns 
has  followed  the  introduction  of  proper  drainage  in  the  cities  of  Germany 
as  has  been  observed  in  this  country.  This  he  attributes  to  the  cleansing 
of  the  soil  and  local  sources  of  water-supply  by  the  removal  of  sewage  matter. 
Nageli  positively  denies  the  possibility  of  specific  disease  being  conveyed 
through  emanations  from  drains  or  cesspools. 

Although  it  seems  difficult  not  to  admit  that  the  effluvia  from  sewers 
and  drains  may  jaredispose  towards  the  incidence  of  enteric  fever,  there  are 
yet  some  remarkable  facts  which  can  be  cited  on  the  other  side. 

Thus  it  has  been  repeatedly  denied  that  enteric  fever  is  more  common 
among  sewer-men  than  others,  and  later  inquiries  among  the  sewer-men  of 
Loudon  seem  to  bear  out  the  assertion.  But,  as  already  stated,  the  air  of 
London  sewers  is  really  very  pure ;  and  some  of  the  men  may  be  protected 
by  previous  attacks,  for  enteric  fever  is  a  most  common  disease  among  the 
poorer  children  in  London. 

The  evidence  is  very  strong  that  the  men  employed  at  the  sewage  tanks 
and  on  the  sewage  farms,  and  their  famihes,  do  not  show- an  unusual 
amount  of  enteric  fever;  nor  do  the  persons  living  in  adjacent  houses. 
Now,  if  sewage  emanations  can  cause  enteric  fever,  it  might  be  expected 
that  we  should  by  this  time  have  had  plenty  of  evidence  of  this  special 
effect  in  connection  with  sewage  farms  generally. 

The  possibility  that  the  adult  persons  submitted  to  sewage  emanations 
may  have  had  enteric  fever  in  early  life,  and  are  therefore  insusceptible,  may 
explain  some  cases  of  escape,  even  when  faecal  emanations  are  constantly 
breathed.  ^  But  it  would  be  impossible  to  extend  this  argument  to  the  cases 
of  immunity  in  children,  unless  we  suppose  that  enteric  fever  in  children  is 
constantly  overlooked,  and  is  as  common  as  measles,  which  seems  unlikely. 

There  are,  however,  still  some  other  difficulties.  The  investigations  of 
Andrewes  and  Parry  Laws  show  that  sewage,  even  in  the  absence  of  the 
normal  micro-organisms  which  it  contains,  is  clearly  an  unfavourable 
medmm  for  the  growth  of  the  enteric  fever  germ,  and  that  sewer  air  is  by 
rich  in  micro-organisms,  and  is  particularly  poor  in  those  forms 
which  are  most  commonly  met  with  in  sewage  itself.  From  the  inquiries 
of  these  observers  and  of  others,  it  would  appear  that,  so  far  as  bacterio- 
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logical  analysis  goes,  there  is  no  ground  for  believing  that  sewer  air  plays 
any  part  in  the  conveyance  of  enteric  fever.  But  are  the  conditions  under 
which  the  bacteriological  examinations  of  sewage  and  of  sewer  air  are  made 
such  as  to  give  us  absolute  assurance  on  these  points?  In  spite  of  its 
apparent  bacteriological  innocuousness,  no  one  entertains  the  least  doubt  that 
sewer  air  is  a  constant  source  of  ill-health,  and  if  this  is  not  to  be  referred  to 
micro-organisms,  to  what  may  it  be  ascribed?  There  is  undoubtedly  a 
poisonous  agency  at  work  when  sewer  gas  is  inhaled,  which,  though  it  may 
not  directly  act,  yet  so  prepares  the  soil  that  the  system  is  unable  to  resist 
the  invading  organism  when  it  comes.  .  • 

The  spread  of  diphtheria  has  been  ascribed  to  the  pollution  of  air  by 
emanations  from  sewers,  and  certainly  in  many  outbreaks  there  has  been 
a  connection  between  the  sanitary  condition  of  a  district  and  the  incidence 
of  the  disease ;  houses  or  groups  of  houses  to  which  sewer  gas  has  gained 
access  through  faulty  traps  having  especiaUy  suffered.  j  ■,  . 

Direct  proof  of  such  a  causal  connection  has  not  yet  been  aflorded,  and 
it  must  be  admitted  that  diphtheria  has  up  to  comparatively  recent  years 
been  a  disease  of  country  districts  rather  than  of  regularly  sewered  to^vns ; 
at  the  same  time,  if  the  sewerage  arrangements  are  defective,  aUowmg  the 
escape  of  sewer  air  into  dweUings,  especially  sleeping-rooms,  it  is  a  prion 
probable  that  the  sewer  gases,  by  giving  rise  to  a  relaxed  and  i:iiitealthy 
condition  of  the  mucous  lining  of  the  throat,  may  increase  the  hability  to 
attack  by  diphtheria  in  the  event  of  exposure  to  specific  infection. 

In  connection  with  the  possible  relation  of  sewer  air  to  specific  diseases, 
some  very  original  investigations  by  Alessi  are  of  value.    He  has  noted  the 
effect  of  inhaling  sewer  air  and  the  gases  from  putrefying  materials  upon 
animals;  rats,  rabbits,  and  guinea-pigs  being  selected.    After  exposure  to 
sewer  air,  which  was  accomplished  by  placing  them  in  a  box  with  a 
perforated  bottom  communicating  directly  with  a  dram,  they  were  mocu- 
lated  with  a  small  quantity  of  only  a  slightly  virulent  cultivation  of  the 
enteric  fever  bacillus,  whilst  other  animals  were  similarly  treated,_  except 
that  they  were  not  compeUed  to  inhale  sewer  air,  but  were  kept  m  their 
ordinary  surroundings.    Eats,  after  breathing  this  more  or  less  foul  air 
began  to  lose  their  vivacity,  and  after  a  time  grew  thin,  although  they  ate 
voraciously,  and  out  of  forty-nine  which  were  inoculated  with  the.  enteric 
fever  bacillus,  thirty-seven   died,  exhibiting  the   typical   .jm^^om.  ot 
enteric  fever  infection.    Of  those  forty-one  rats,  however,  which,  although 
infected  with  enteric  fever,  had  not   breathed   sewer   air,  only  three 
succumbed.    Thus,  the  inspiration  of  drain  air  had  so  far  predisposed  these 
animals  to  infection  from  enteric  fever,  that  a  small  dose  of  an  abnost 
harmless  growth  of  this  organism  proved  very  fatal  to  them.  Gumea-pigs 
and  rabbits,  exposed  in  like' manner  to  gases  from  materials  m  a  condition 
of  acti.e  decomposition,  also  acquired  a  predisposition  to  typhoid  infection 
for  out  of  seventy-two  guinea-pigs  inoculated,  fifty-seven  died,_  whilst  not 
one  oFthos  treated  with  the  infective  agent  of  enteric  fever  m  ordinary 
surroundings  succumbed.    Similarly,  every  one  of  eleven  rabbits,  treated 
and  exposed  to  sewer  air,  died,  but  not  one  of  the  inoculated  animals  when 
kept  fn  fresh  air.    Alessi  also  found  that  the  mha ktion  of  gases  j-- P-^nd 
substances  enabled  a  small  dose  of  a  weakened  culture  of  the  5.  coh 
cimi I  normally  present  in  the  intestine,  to  produce  fatal  results  when 
nurnoselv  introduced  into  the  animals  thus  exposed.  ■ 
P    ^h  Io  ascertained  that  it  was  during  the  first  two  wedcs  oi^^^Zt 
noxious  gases  that  the  animals  were  most  easily  predisposed  to  enteric  fever 
nTeS  for  no  less  than  90  per  cent,  of  all  the  animals  inoculated  during 
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the  first  fortnight  died,  whilst  76  per  cent,  succumbed  to  those  inoculated 
in  the  third  week.  This  fact,  Alessi  says,  may  partly  explain  how  it  is  that 
some  people  who  habitually  breathe  contaminated  air  do  not  appear  to  suffer 
any  evil  results,  having  gradually  in  course  of  time  become  accustomed  to  it, 
whilst  a  stranger  exposed  to  the  same  conditions,  without  previous  experi- 
ence, may  suffer  very  severely.  The  personal  factor,  or  degree  of  pre- 
disposition, however,  whilst  varying  in  different  animals,  would  also  vary  in 
different  people.  These  investigations  and  results,  without  being  considered 
conclusive,  must  be  regarded  as  a  noteworthy  and  an  important  contribution 
to  our  knowledge  of  the  distribution  of  disease,  and  in  some  respects  afford- 
ing a  remarkable  experimental  confirmation  of  the  wisdom  of  a  policy  of 
sanitation  which  is  dictated  equally  by  instinct  and  intuition. 

Effects  of  Emanations  from  Esecal  Matter  thrown  on  the  Gromid.— 
Owing,  doubtless,  to  the  rapid  movement  of  the  air,  there  is  no  doubt  that  the 
excreta  of  men  and  animals  thrown  on  the  ground  and  exposed  to  the  open 
air  are  less  hurtful  than  sewer  air,  and  probably  in  proportion  to  the  dilution. 

When  there  are  accumulations  in  close  courts,  small  back-yards,  &c.,  the 
same  effects  are  produced  as  by  sewer  air.  When  fsecal  matters  are  used 
for  manure,  and  are  therefore  speedily  mixed  with  earth,  they  seldom 
produce  bad  effects.  Owing,  doubtless,  to  the  great  deodorising  and  absorb- 
ing powers  of  earth,  effluvia  soon  cease  to  be  given  off.  An  instance  is, 
however,  on  record,  in  which  two  cases  of  enteric  fever  were  supposed  to 
arise  from  the  manuring  of  an  adjacent  field.  Clouston  has  also  shown  by 
evidence,  which  seems  very  strong,  that  dysentery  was  produced  in  an 
asylum  by  the  exhalations  from  sewage,  which  was  spread  over  the  ground 
(a  stiff  brick  clay  subsoil)  about  300  yards  from  the  asylum.  The  case  seems 
a  very  convincing  one,  as  the  possibility  of  the  action  of  other  causes 
(impure  water,  bad  food,  &c.)  was  excluded;  but  it  appears  to  have  been 
due  to  the  improper  treatment  of  the  sewage,  which  was  allowed  to  become 
putrid  and  form  a  filthy  morass.  It  is  stated  in  some  works  that  disease  is 
frequently  produced  by  the  manuring  of  the  ground,  but  there  seems  to  be 
no  satisfactory  evidence  of  this.  Carpenter  has  shovra,  from  the  history  of 
the  Beddington  sewage  farm,  that  no  harm  to  the  neighbourhood  accrued 
from  the  irrigation  with  the  Croydon  sewage  during  twenty  years,  and 
subsequent  experience  has  only  confirmed  his  statements.  It  has  been  said 
that  if  the  sewage  matter  can  be  applied  while  perfectly  fresh  to  the  ground, 
no  harm  results ;  but  if  decomposition  has  fully  set  in,  it  is  not  so  completely 
deodorised  by  the  ground.  In  China,  where  fsecal  matter  is  so  constantly 
applied  in  agriculture,  the  air  is  often  filled  with  very  pungent  effluvia,  yet 
no  bad  effect  is  produced. 

Effects  of  Emanations  from  Streams  polluted  by  Fsecal  Matter. — The 
evidence  on  this  point  is  contradictory.  Parent-Duchatelet  investigated  the 
effect  produced  on  the  health  of  the  inhabitants  of  the  Faubourg  St  Marceau, 
in  Paris,  by  the  almost  insupportable  effluvia  arising  from  the  Bifevre, 
which  received  a  large  portion  of  the  sewage  of  the  quarter.  He  asserts 
that  the  health  was  not  at  all  damaged,  though  he  admits  that  there  is  truth 
in  the  old  tradition  at  the  H6tel  Dieu,  that  the  cases  from  St  Marceau 
were  more  severe  than  from  any  other  place.  The  opinion  of  the  late  W. 
Stokes,  as  to  the  slight  influence  of  the  effluvia  from  the  river  Liffey  on 
the  health  of  the  residents  along  the  quays  in  Dublin,  is  to  the  same  effect. 

M'William  found  that  the  emanations  from  the  Thames  had  no  deleterious 
effect  on  the  health  of  the  Custom-House  men  employed  on  the  river.  The 
amount  of  diarrhoea  Avas  even  below  the  average. 

Sir  R.  Rawlinson  stated  that  a  careful  house-to-house  visitation  had  been 
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made  in  some  of  the  worst  districts  of  Lnncashire  (in  Manchester,  on  the 
hanks  of  the  Medlock,  for  instance)  without  finding  any  great  excess  of 
disease. 

On  the  other  hand,  in  the  reports  of  Sir  Lyon  Playfair  there  is  some 
strong  evidence  that  the  general  healtli  of  the  people  suffered  from  the 
emanations  of  the  putrid  streams  of  the  li'rome  and  the  tributaries  of  the 
Irk  and  Medlock ;  that  they  were  pale,  in  many  cases  dyspeptic ;  that  fevers 
(enteric)  prevailed  on  the  banks  is  asserted  by  some  observers,  but  rather 
doubted  by  others ;  but  none  seem  to  have  any  doubt  that  the  fevers  when 
they  occurred  were  much  worse.  Cholera  in  Manchester  was  severe  along 
the  banks  of  some  of  these  streams,  but  that  was  probably  due  to  the  water 
being  drunk. 

It  is  very  likely  that  the  discrepancy  of  evidence  may  arise  from  the 
amount  of  water  which  dilutes  the  faecal  matter  being  much  greater  in  some 
cases  than  in  others.  In  the  case  of  the  Thames,  the  dilution  was  after  all 
very  great,  and  this  was  the  case,  in  part  at  any  rate,  in  the  Bievre,  as  the 
stream  was  in  some  places  6  and  7  feet  deep.  The  evaporation  from  such  a 
body  of  water,  however  offensive  it  may  be,  must  be  a  very  different  thing 
from  the  effluvia  coming  off  from  the  masses  of  organic  matter  laid  bare  by 
the  almost  complete  drying  up  of  streams  into  which  quantities  of  faecal 
matter  are  discharged.  When  sewage  matter  is  poured  into  the  sea,  and 
washed  back  by  the  tide,  it  becomes  a  source  of  danger. 

It  was  remarkable  in  the  evidence  given  before  the  Eoyal  Commission 
on  Metropolitan  Sewage  Discharge,  1882-84,  how  little  direct  proof  of 
specific  disease,  due  to  the  pollution  of  the  Thames,  was  obtained,  although 
there  was  no  doubt  about  the  production  of  nausea  and  diarrhoea,  and 
other  minor  evils.  Indeed,  the  Commissioners  themselves  had  good  proof 
of  this,  for,  after  a  trip  of  inspection  from  Woohvich  to  Greenliithe  in  July 
1884,  three  of  them  and  their  clerk  were  seized  with  griping  pains  and 
smart  diarrhoea  the  same  night,  caused  apparently  by  the  offensive  state  of 
the  river. 

Effect  of  Manure  Manufactories. — The  manure  manufactories  at  present 
existing  in  this  country  do  not  appear  to  produce  any  bad  effects.  They  are 
generally  at  some  little  distance  from  towns,  and  the  effluvia  are  soon 
diluted.  But  if  situated  in  towns  they  are  nuisances,  and  may  be  hurtful. 
In  1847  evidence  was  given  to  show  that  a  manure  manufactory  situated  in 
Spitalfields,  and  about  100  feet  from  the  workhouse,  caused  bad  diarrhoea 
whenever  the  wind  blew  in  that  direction.  The  cases  of  disease  in  the 
workhouse  infirmary  also  acquired,  it  is  said,  a  malignant  and  intractable 
character.  In  France  the  workmen  engaged  in  the  making  of  "  poudrette  " 
do  not  in  any  way  suffer,  except  from  sUght  ophthalmia.  When  the 
poudrette  is  decomposing,  and  large  quantities  are  brought  into  small  spaces 
as  on  board  ship,  serious  consequences  may  certainly  result,  the  chief 
symptoms  produced  being  intense  pain  in  the  head  and  limbs,  with  vomit- 
ing crreat  prostration,  and  diarrhoea.  In  bone  manure  factories  it  has  been 
shown  that  arsenic  is  given  off  in  the  fumes  in  considerable  quantity,  ansmg 
from  the  use  of  impure  sulphuric  acid,  i.     .i  j- 

Effects  of  the  Air  of  Graveyards.— There  is  some  evidence  that  the  dis- 
turbance of  even  ancient  places  of  sepulture  may  give  rise  to  disease.  Vicq 
d'Azyr  refers  to  an  epidemic  in  Auvergne  caused  by  the  opening  of  an  old 
cemetery ;  the  removal  of  the  old  burial-place  of  a  convent  in  Pans  produced 
illness  in  the  inliabitants  of  the  adjoining  houses.  In  India,  the  canton- 
ment at  Sukkur  was  placed  on  an  ancient  Mussulman  burial-ground,  and 
the  station  was  most  unliealthy,  especially  from  fevers. 


EFFECTS  OF  AIR  VITIATED  BY  RESPIRATION.  18'5 

The  effect  of  effluvia  from  comparatively  recent  putrefying  human  bodies 
has  been  observed  by  many  writers.  Ranimazzini  states  that  sextons  enter- 
:  ing  places  where  there  are  putrefying  corpses  are  subject  to  malignant  fevers, 
1  asphyxia,  and  suffocating  catarrhs ;  and  Tardieu  has  collected  a  very  con- 
:  siderable  number  of  cases,  not  only  of  asphyxia,  but  of  several  febrile  affec- 
I  tions  produced  by  exhumations  and  disturbance  of  bodies.  The  late  Sir  E. 
I  Chadwick,  and  the  General  Board  of  Health,  also  summed  up  evidence, 

•  which  showed  that  in  churchyards  thickly  crowded  with  dead,  vapours 

•  were  given  off  which,  if  not  productive  of  any  specific  disease,  yet  increased 
t  the  amount  both  of  sickness  and  mortality.  In  some  instances,  this  might 
i  have  been  from  contamination  of  the  drinking-water  ;  but  in  other  cases,  as 
i  in  the  houses  bordering  the  old  city  graveyards,  where  the  water  was  supplied 
1  by  public  companies,  the  air  also  must  have  been  in  fault.  In  the  houses 
1  which  closely  bordered  the  old  city  yards,  which  were  crowded  with  bodies, 
(  cholera  was  very  fatal  in  1849,  and,  according  to  some  practitioners,  no 
I  cases  recovered.  All  other  diseases  in  these  localities  were  said  to  have 
1  assumed  a  very  violent  and  unfavoiu-able  type.  Hirt  says,  on  the  other 
1  hand,  that  when  grave-diggers  are  protected  from  the  acute  effects  of  carbon 
I  dioxide,  their  calling  is  not  unhealthy;  their  death-rate  he  gives  at  17  per 
]  1000,  and  their  mean  duration  of  life  at  58  to  60  years.  This,  however,  is  in 
I  Germany,  where,  as  he  admits,  there  is  less  crowding  of  graveyards  than  in 
1  England  or  France.  Nageli,  arguing  probably  from  similar  data,  thinks 
t  that  graveyards  may  exist  in  the  midst  of  towns  without  danger  to  health, 
{  provided  precautions  be  taken  with  reference  to  the  drainage  and  ventilation 
c  of  the  soil,  and  the  safeguarding  of  the  water-supply. 

Effects  of  Air  vitiated  by  Eespiration. — If  we  disregard  the  presence, 
i  in  expired  air,  of  the  so-called  and  more  or  less  hypothetical  organic  matter, 
i  the  chief  causes  of  discomfort,  following  the  use  of  air  vitiated  by  respiration, 
a  are  the  deficiency  of  oxygen,  excess  of  carbon  dioxide,  and  increased  heat 
a  and  moisture.    The  influence  of  a  deprivation  of  oxygen,  in  producing  a 
I-  condition  of  hyperijnoea,  appears  to  be  largely  subordinate  to  that  of  an 
e  excessive  presence  of  carbon  dioxide.    The  normal  quantity  of  this  latter 
jj  gas,  in  air,  being  from  0'3  to  0"4  volume  per  1000,  it  produces  fatal  results 
V  when  the  amount  reaches  from  50  to  100  per  1000  volumes;  while  at  an 
a  amount  much  below  this,  say  15  to  20  per  1000,  it  produces,  in  some 
persons  at  any  rate,  severe  headache.    Some  persons  can  inhale,  for  a  brief 
period,  considerable  quantities  of  carbon  dioxide  without  injury ;  and 
animals  can  be  kept  for  a  long  time  in  an  atmosphere  highly  charged  with 
it,  provided  the  amount  of  oxygen  be  also  increased.    Headache  and  vertigo 
are  produced  when  the  amount  of  carbon  dioxide  in  the  air  of  respiration  is 
not  more  than  1-5  to  3  volumes  per  1000.    Well-sinkers,  when  not  actually 
disabled  from  continuing  their  work  by  carbon  dioxide,  are  often  affected 
by  headache,  sickness,  and  loss  of  appetite ;  but  the  amount  of  carbonic 
acid  has  never  been  actually  determined  in  these  cases. 

The  effect  of  constantly  breathing  an  atmosphere  containing  an  excess 
of  carbon  dioxide  (up  to  1  or  1-5  per  1000  volumes)  is  not  yet  perfectly 
known. 

Angus  Smith  attempted  to  determine  its  effect  per  se,  the  influence  of  the 
so-called  organic  matter  of  respiration  being  eliminated.  He  found  that  30 
I'  volumes  per  1000  caused  great  feebleness  of  the  circulation,  with,  usually, 
slowness  of  the  heart's  action :  the  respirations  were,  on  the  contrary, 
•luickened.  These  effects  lessened  when  the  amount  was  smaller,  but  were 
perceptible  when  the  amount  was  as  low  as  1  volume  per  1000 — an  amount 
;  often  exceeded  in  dwelling-rooms.    At  the  same  time,  this  is  not  the  case 
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always,  for  in  tlio  air  of  a  soda-water  manufactory,  when  the  carbon  dioxide 
was  2  per  1000,  Smith  felt  no  discomfort  to  be  i^roduced.  The  effects 
noticed  by  Smith  have  not  been  observed  in  experiments  upon  animals  by 
Demarquay,  Midler,  and  Eulenberg,  nor  in  other  cases  on  men,  as  in  the  bath 
at  Oeynhausen,  where  no  effect  is  produced  by  the  air  of  the  room  in  which 
the  bathers  remain  for  30  to  GO  minutes,  although  it  contains  a  large 
percentage,  Hirt  finds  no  symptoms  of  chronic  poisoning  by  COj,  even  in 
trades  where  acute  poisoning  occasionally  occurs. 

The  presence  of  a  very  large  amount  of  carbon  dioxide  in  the  air  may 
lessen  its  elimination  from  the  lungs,  and  thus  retain  _  the  gas  in  the  blood, 
and  in  time  possibly  may  produce  serious  alterations  in  nutrition. 

The  importance  of  the  role  played  by  the  heat  and  capacity  for  moisture 
of  air  vitiated  by  respiration  is  often  overlooked.    We  have  already  seen 
that  expired  air  is  practically  of  the  same  temperature  as  the  body,  37  C. 
(  =  98° -6  F.),  and  saturated  with  water  vapour,  consequently  any  volume 
of  air  much  vitiated  by  respiration  soon  becomes  heated  air  and  more  or  less 
saturated  with  moisture.    Now  air  which  is  loaded  with  moisture  transmits, 
in  each  unit  of  time,  much  more  heat  than  air  which  is  dry.    Hence,  when 
air,  at  a  high  temperature,  is  saturated  with  watery  vapour,  it  communicates 
heat  to  the  body,  producing  an  oppressive  sensation;  but  when  the  tem- 
perature of  the  saturated  air  is  lower  than  the  temperature  of  the  body,  the 
transfer  of  heat  is  the  other  way,  producing  a  sensation  of  cold.  Alow 
temperature  with  a  dry  atmosphere  is  therefore  more  comfortable  than  a 
higher  temperature  when  the  air  is  loaded  with  moisture  for  no  other  ji 
reason  than  that  it  favours  the  prompt  and  regular  removal  of  body  heat  by  ^ 
combined  conduction  and  evaporation.    It  is  precisely  m  this  quahty  that  d 
air,  vitiated  by  respiration,  is  so  wanting,  with  the  result  that  it  causes  a  i 
sense  of  unpleasant  oppression  so  characteristic  of  lU-ventilated  and  over- 
crowded rooms.  .  T    ,   „ 

The  effect  of  air  much  fouled  by  respiration  is  very  marked  upon  many 
people,  producing  heaviness,  headache,  inertness,  and  in  some  cases  nausea„ 
When  air  has  been  rendered  very  impure,  it  is  commonly  rapidly  fatal  as 
in  the  cases  of  the  Black  Hole  at  Calcutta,  of  the  prison  m  which  300 
Austrian  prisoners  were  put  after  the  battle  of  Austerlitz  (when  260  died 
t^ry  rapidly),  and  of  the  steamer  "Londonderry."  This  vessel  left  Shgo 
for  Liverpool  on  the  2nd  December  1848,  and  stormy  weather  coming  on, 
the  captain  forced  200  steerage  passengers  into  their  cabin,  ^l^^f^ 
18  feet  by  11  feet,  and  7  feet  in  height.  The  hatches  were  battened  down 
and  covered  with  tarpaulin.  When  the  cabin  was  opened  72  persons  were 
found  dead,  and  several  expiring.  ,  .       ,  .  r  „„„„f„ 

The  po  sonous  agencies  which  probably  bring  this  sequence  of  events 
about  appear  to  be  a^deficiency  of  oxygen  coupled  with  an  excess  of  carbon 
dioxide  though  the  symptoms  are  not  those  of  pure  asphyxia.  If  the 
nerSfs^i^rvTvt  a  febrile  condition  is  usually  left  beliind  which  If^  thj-ee 
Tfour  days'  followed  often  by  boils  and  other  evidences  of  affected 

""""^When  air  more  moderately  vitiated  by  respiration  is  breathed  for  J 
longr;eriod,  a"d  more  contiiLusly.  its  effects  become  -xng-f^^^^^ 
those  of  other  conditions.    Usually  a  person  who  is  compelled  to  breathe 
suXan  atmosphere  is  at  the  same  time  sedentary,  and,  perhaps,  remains  u 
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partially  lose  their  appetite,  and  after  a  time  decline  in  muscular  strength 
and  spirits.  The  aeration  and  nutrition  of  the  blood  seem  to  be  interfered 
Avith,  and  the  general  tone  of  the  system  falls  below  par.  Of  special 
,  diseases  it  appears  pretty  clear  that  pulmonary  affections  are  more  common. 
Such  persons  do  certainly  appear  to  furnish  a  most  undue  percentage  of 
phthisical  cases,  that  is,  of  destructive  lung-tissue  disease  of  some  kind. 
The  production  of  phthisis  from  impure  air  (aided  most  potently,  as  it  often 
is,  by  coincident  conditions  of  want  of  exercise,  want  of  good  food,  and 
excessive  work)  is  no  new  doctrine.  Baudelocque  long  ago  asserted  that 
impure  air  is  the  great  cause  of  scrofula  (phthisis),  and  that  hereditary 
predisposition,  syphilis,  unclean]  in  ess,  want  of  clothing,  bad  food,  cold,  and 
humid  air,  are  by  themselves  non-effective.  Carmichael,  in  his  work  on 
scrofula,  gave  some  most  striking  instances,  where  impure  air,  bad  diet,  and 
deficient  exercise  concurred  together  to  produce  a  most  formidable  mortality 
from  phthisis.  In  one  instance,  in  the  Dublin  House  of  Industry,  where 
scrofula  was  formerly  so  common  as  to  be  thought  contagious,  there  were  in 
one  ward,  60  feet  long  and  18  feet  broad  (height  not  given),  38  beds,  each 
containing  four  children ;  the  atmosphere  was  so  bad  that  in  the  morning  the 
air  of  the  ward  was  unendurable.  In  some  of  the  schools  examined  by 
Carmichael  the  diet  was  excellent,  and  the  only  causes  for  the  excessive 
phthisis  were  the  foul  air  and  the  want  of  exercise.  Carnelley,  Haldane,  and 
Anderson  show  that  in  Dundee  the  ratio  of  phthisis  and  other  disorders  of 
a  similar  character  increases  with  the  crowding  and  fouhiess  of  the  air; 
being  at  the  rate  of  3"26  per  1000  in  houses  of  4  rooms  and  upwards ;  5"52 
in  houses  of  3  rooms ;  in  two-roomed  houses,  6'41 ;  and  in  one-roomed 
houses,  7 '44. 

In  prisons,  the  great  mortality  which  formerly  occurred,  as  for  example 
at  Millbank  (Baly),  seemed  to  be  owing  to  bad  air,  conjoined  with  inferior 
diet  and  moral  depression. 

The  now  well-known  fact  of  the  great  prevalence  of  phthisis  in  most  of 
the  European  armies  (French,  Prussian,  Russian,  Belgian,  and  English)  can 
scarcely  be  accounted  for  in  any  other  way  than  by  supposing  the  vitiated 
atmosphere  of  the  barrack-room  to  have  been  chiefly  in  fault.  This  is  the 
conclusion  to  which  the  Sanitary  Commissioners  for  the  army  came  in  their 
well-known  report.  And  if  we  must  also  attribute  some  influence  to  the 
pressure  of  ill-made  accoutrements,  and  to  the  great  prevalence  of  syphilis, 
stiU  it  can  hardly  be  doubted  that  the  chief  cause  of  phthisis  among  soldiers 
has  to  be  sought  somewhere  else,  when  we  see  that,  with  very  different 
duties,  a  variable  amount  of  syphiHs,  and  altered  diet,  a  great  amount  of 
phthisis  has  prevailed  in  the  most  varied  stations  of  the  army,  and  in  the 
most  beautiful  cUmates :  in  Gibraltar,  Malta,  Ionia,  Jamaica,  Trinidad, 
Bermuda,  &c.,  in  all  which  places  the  only  common  condition  was  the 
vitiated  atmosphere  which  our  barrack  system  everywhere  produced.  And, 
as  if  to  clench  the  argument,  there  has  been  of  late  years  a  most  decided 
decline  of  phthisical  cases  in  these  stations,  while  the  only  circumstance 
which  has  notal)ly  changed  in  the  time  has  been  the  condition  of  the  air. 
So  also  the  extraordinary  amount  of  consumption  which  has  prevailed  among 
the  men  of  the  Royal  and  Merchant  Navies,  and  which,  in  some  men-of-war, 
has  amounted  to  a  veritable  epidemic,  is  attributable  to  the  faulty  ventila- 
tion and  to  contagion  following  on  this. 

Formerly  the  deaths  from  phthisis  in  the  Royal  Navy  averaged  2-6  per 
1000  of  strength,  and  the  invahding  3-9  per  1000.  The  amount  of  con- 
sumption and  of  all  lung  diseases  was  remarkably  different  in  the  different 
ships.    Bryson  traced  this  clearly  to  overcrowding  and  vitiation  of  the  air, 
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noticing  also  tliat  in  several  cases  the  disease  appeared  to  be  propagated 
from  person  to  person. 

The  production  of  phthisis  in  animals  confirms  this  view.  The  case  of 
the  monkeys  in  the  zoological  gardens,  narrated  by  Arnott,  is  a  striking 
instance.  Cows  in  close  stables  frequently  die  from  phthisis,  or  at  any  rate 
from  a  destructive  lung  disease  (not  apparently  pleuro-pneumonia) ;  while 
horses,  who  in  the  worst  stables  have  more  free  air,  and  get  a  greater  amount 
of  exercise,  are  little  subject  to  phthisis.  But  not  only  phthisis  may  reason- 
ably be  considered  to  have  one  of  its  modes  of  origin  in  the  breathing  an 
atmosphere  contaminated  by  respiration,  especially  by  the  respiration  of 
those  affected  with  pulmonary  tuberculosis,  but  other  lung  diseases,  bronchitis 
and  pneumonia,  appear  also  to  be  more  common  in  such  circumstances.  Both 
among  seamen  and  civilians  working  in  confined  close  rooms,  who  are  other- 
Mdse  so  differently  circumstanced,  Ave  find  an  excess  of  the  acute  lung  affec- 
tions. The  only  circumstance  which  is  common  to  the  two  classes  is  the 
impure  atmosphere. 

In  addition  to  a  general  impaired  state  of  health,  arising,  probably,  from 
faulty  aeration  of  the  blood,  and  to  phthisis  and  other  lung  affections,  which 
may  reasonably  be  believed  to  have  their  origin  in  the  constant  breathing  of 
air  vitiated  by  the  organic  vapours  and  particles  arising  from  the  dried 
sputa  of  infected  persons,  it  has  long  been  considered,  and  apparently  quite 
correctly,  that  such  an  atmosphere  may  cause  a  more  rapid  spread  of  several 
specific  diseases,  especially  diphtheria  in  schools,  also  typhus,  plague,  small- 
pox, scarlet  fever,  and  measles.  This  may  arise  in  several  ways:  the 
specific  poisons  may  simply  accumulate  in  the  air  so  imperfectly  changed, 
or  they  may  grow  in  it  (for  though  there  may  be  an  analogical  argument 
against  such  a  process,  it  has  never  been  disproved,  and  it  is  evidently  not 
impossible) ;  or  the  vitiated  atmosphere  may  simply  render  the  body  less 
resisting  or  more  predisposed.  _  .  v  * 

The  air  of  a  sick  ward,  containing  as  it  does  an  immense  quantity  of 
organic  matter,  is  well  known  to  be  most  injurious.  The  seventy  of  many 
diseases  is  increased,  and  convalescence  is  greatly  prolonged.  Tins  appears 
to  hold  true  of  all  diseases,  but  especially  of  the  febrile.  The  occurrence  of 
erysipelas  and  hospital  gangrene  is,  in  fact,  a  condemnation  of  the  sanitary 
condition  of  the  ward.  It  has  been  asserted  that  hospital  gangrene  is  a 
precursor  of  exanthematic  typhus,  but  probably  the  introduction  at  a  par- 
ticular time  of  the  specific  poison  of  typhus  was  a  mere  coincidence  But, 
doubtless,  the  same  foul  state  of  the  air  which  aids  the  spread  of  the  one 
disease  would  aid  also  that  of  the  other.  ,   ^  i 

Of  the  products  of  combustion  which  pass  into  the  general  atmosphere 
the  carbon  dioxide  and  monoxide  are  so  largely  and  q^eedily  diluted  that  it 
is  not  likely  they  can  have  any  influence  on  health.  The  particles  of  carbon 
and  tarry  matter,  and  the  sulphur  dioxide,  must  be  the  active  agents  if  any 
iniury  results.  It  has  been  supposed  that  the  molecular  carbon  and  the 
sulphur  dioxide,  instead  of  being  injurious,  may  even  be  ^f'f^^^'^^^^''^- 
ants,  and  we  might  a  priori  conclude  that  to  a  certain  extent  they  must -so 
act  ;  but  certainly  there  is  no  evidence  that  the  smoky  air  of  our  cities  or 
of  our  colliery  districts,  is  freer  from  the  poisons  of  he  chief  specific  di  eases 
than  the  air'  of  other  places.  The  solid  particles  of  carbon,  and  he 
sulphur  dioxide,  may,  on  the  other  hand,  have  injurious  effects.  It  is  not 
right  to  ignore  he  raechanical  effect  of  the  fine  powder  of  <^ojil  so  constantly 
drawn  into  the  lungs,  and  even  the  possibihty  of  irritation  of  the  lungs  from 
sii  pTur  dioxide.  Certain  it  is,  that  persons  with  bronchitis  and  emphysema 
of  en  fee  at  once  the  entrance  into  the  London  atmosphere;  and  individual 
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(  bxperience  will  probably  lead  to  the  opinion  that  such  an  atmosphere  has 
.  some  effect  in  originating  attacks  of  bronchitis  and  in  delaying  recovery. 

•  But  statistical  evidence  of  the  effect  of  smoky  town  atmospheres  in  pro- 
.  ducing  lung  affections  on  a  large  scale  cannot  be  given,  there  are  so  many 
,  other  conditions  which  complicate  the  problem.  There  is,  however,  no  doubt 
.  of  the  evil  effect  of  the  London  atmosphere  during  dense  fogs :  witness 
;  the  effect  upon  the  animals  at  the  cattle  show  at  Islington  in  December 

■1873,  and  the  increased  mortality  from  lung  diseases  during  foggy  weather. 
The  effect  of  breathing  the  products  of  combustion,  of  gas  especially,  is 
I  more  easily  determined.  In  proportion  to  the  amount  of  contamination 
c  of  the  air,  many  persons  at  once  suffer  from  headache,  heaviness,  and 
.  oppression.  Bronchitic  affections  are  frequently  produced,  which  are  often 
;  attributed  to  the  change  from  the  hot  room  to  the  cold  air,  but  are 
!  really  probably  owing  to  the  influence  of  the  impure  air  of  the  room  on 
I  the  lungs. 

The  effects  of  constantly  inhaling  the  products  of  gas  combustion  may  be 

•  seen  in  the  case  of  workmen  whose  shops  are  dark,  and  who  are  compelled 
t  to  burn  gas  during  a  large  part  of  the  day ;  the  pallor,  or  even  anasmia  and 
■  general  want  of  tone,  which  such  men  show  is  owing  to  the  constant  inhala- 
i  tion  of  an  atmosphere  so  impure. 


EXAMINATION  OF  AIR. 

For  hygienic  purposes,  in  the  practical  examination  of  air,  the  chief  points 

•  to  which  attention  needs  to  be  directed  are,  the  collection  of  the  sample, 

•  the  examination  of  the  air  by  the  senses,  estimation  of  oxygen,  estimation  of 

•  carbon  dioxide,  determination  of  the  oxidisable  and  organic  matter,  estima- 
tion of  carbonic  oxide,  the  presence  of  ozone,  the  determination  of  aqueous 
vapour  and  an  examination  of  the  suspended  matter  and  micro-organisms. 

Collection  of  the  Sample. — All  air  samples  should  be  collected  at  the 
time  when  the  atmosphere  will  afford  its  greatest  evidence  of  pollution,  as, 
for  instance,  in  the  case  of  a  bed-room,  the  air  should  be  taken  when  its 
usual  occupants  have  been  in  it  some  hours.  For  the  actual  collection  of  the 
sample,  large,  wide-mouthed,  glass-stoppered  jars,  holding  from  three  to  four 
litres,  are  the  most  convenient.  These  need  to  be  most  thoroughly  cleansed 
with  distilled  water  before  use,  inverted  to  run  dry,  and  stoppered,  a  label 
being  finally  attached  for  stating  the  current  temperature  and  pressure. 
To  fill  the  jar  with  the  air  sample,  either  of  the  two  following  methods  may 
be  employed. 

1.  The  air  may  be  blown  in  by  bellows  which  are  provided  with  a  long 
nozzle  capable  of  reaching  to  within  an  inch  of  the  bottom  of  the  jar  :  this 
insures  that  the  air  which  originally  filled  the  jar  will  be  entirely  displaced 
from  below  upwards. 

2.  The  jar  may  be  accurately  filled  with  distilled  water,  then  inverted, 
emptied  and  allowed  to  drain  dry  in  the  room,  the  air  of  which  it  is  desired 
to  collect ;  as  the  water  flows  out,  some  of  the  air  rushes  in  to  fiU  its  place. 
Special  care  needs  to  be  observed  that  no  breath  is  introduced  into  the  jar. 
The  vessel  is  at  once  closed  with  an  air-tight  stopper  or  india-rubber  cap, 
and  the  label  inscribed  with  the  current  temperature,  barometric  pressure, 
and  cubical  capacity  of  the  jar. 

Examination  by  the  Senses. — From  a  practical  point  of  view,  this  is  of 
the  first  importance,  as  although  carbon  dioxide,  carbonic  oxide,  marsh  gas, 
and  several  other  vapours  cannot  be  detected  by  the  smell,  still  minute  quanti- 
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ties  of  organic  elKluvia,  traces  of  sulphuretted  hydrogen,  of  coal  gas,  of  carbon 
disulphide,  and  of  various  other  substances  are  readily  noticed  by  the  sense 
of  smell,  particularly  if  at  all  trained  or  cultivated  to  acuteness.  The 
special  value  of  the  sense  of  smell  in  recognising  the  peculiar  foetid  odour 
so  characteristic  of  occupied  rooms,  was  first  clearly  shown  by  de  Chaumont, 
who  further  indicated  the  importance  of  observing  it  on  first  entering  a 
room  from  the  open  air.  He  also  pointed  out  the  marked  influence  which 
atmospheric  humidity  has  in  rendering  the  smell  of  organic  matter  percep- 
tible, an  increase  of  1  per  cent,  in  the  humidity  being  as  powerful,  in  this 
respect,  as  a  rise  of  2° "32  C.  (4° '18  F.).  As  the  sense  of  smell  soon  becomes 
blunted,  it  is  important,  when  attempting  any  examination  of  the  air  by  the 
senses,  to  record  the  impression  received  immediately  after  entering  the 
suspected  or  vitiated  air  from  the  open,  and  not  to  delay  it  until  one  has 
been  in  the  apartment  some  length  of  time. 

As  a  preliminary  procedure,  the  reaction  of  an  air  sample  may  be  noted. 
Although  the  air  over  open  country  and  the  sea  is  really  neutral,  cases  do 
occur  in  which  ammonia  may  be  present  in  such  amount  as  to  produce  a  faint 
alkaline  reaction,  or,  as  in  the  case  of  some  towns,  so  much  sulphurous 
acid  may  be  present  as  to  make  the  air  distinctly  acid.  The  observations 
can  be  most  readily  made  by  exposing,  for  an  hour  or  two,  pieces  of  moistened 
litmus  and  turmeric  papers,  and  then  noting  the  colour  changes  that  take  place. 

Estimation  of  Oxygen. — For  this  determination  there  are  three  well- 
known  methods,  namely,  the  pyrogallic  acid  process,  the  combustion  process 
with  excess  of  hydrogen,  and  the  nitric  oxide  method.  As  neither  of  the  first 
two  are  strictly  available  in  presence  of  carbon  dioxide,  the  third  procedure  is 
the  one  most  readily  applicable  for  hygienic  estimations. 

The  most  convenient  apparatus  is  Hempel's  gas  burette  and  absorption 
pipette.  It  consists  of  two  upright  glass  tubes,  one  of  which  is  graduated 
into  cubic  centimetres,  and  the  other  plain.  The  graduated  tube  is  narrowed 
almost  to  capillarity  at  the  top,  and  drawn  out  so  as  to  take  an  mdia-rubber 
connecting-tube.  Both  tubes  are  fitted  into  stands  at  the  bottom  and 
connected  with  each  other  by  a  wide  rubber  tube.  The  graduated  upright 
burette  is  designed  for  the  reception  and  measurement  of  the  air  or  gas. 
The  plain  upright  burette  is  the  pressure-tube,  its  function  being  to  regulate 
the  pressure  in  the  other  tube  (see  fig.  8).  ^  ,1 

In  order  to  use  the  burette,  water  must  first  be  introduced,  so  as  to  rather 
more  than  half  fill  it.  By  raising  the  pressure-tube,  the  water  wiU  be 
caused  to  fill  the  graduated  tube.  By  lowering  the  pressure-tube,  a  sample 
of  air  may  thus  be  drawn  into  the  graduated  tube,  which  is  left  open  at  its 
upper  end  So  soon  as  air  has  been  drawn  into  the  graduated  tube,  a  pmcli- 
cock  is  made  to  close  the  upper  connecting  rubber  tube,  thereby  confinmg 
the  air  sample  in  the  graduated  burette.  ^  ■      ^  -f 

The  next  operation  is  to  read  off  the  volume  of  air.  For  this  purpose  it 
must  be  placed  under  the  current  barometric  pressure  by  raising  or  lowering 
the  pressure-tube  until  the  level  of  the  water  is  the  same  m  both  tubes.  If 
the  graduated  tube  be  now  read  off,  the  volume  of  air  m  it  can  be  expressed  in 
c  c  Having  been  measured,  the  air  sample  is  submitted  to  certain  reactions 
in  what  is  called  an  absorption  pipette.  By  a  reference  to  the  figure,  this 
WiU  be  seen  to  consist  of  four  glass  bulbs  the  lower  one  ^^^g  ^^^^/S^^^ 
diameter  than  the  others,  and  capable  of  holding  at  least  150  cc.  of  the 
reagent  to  be  employed,  while  the  others  should  have  a  capacity  of  at  east 
100  c  c  By  means  of  india-rubber  connecting-tubes  and  bent  capil  ary 
dass  tubes,  the  gas  burette  is  placed  in  communication  with  the  absorption 
pipette    The  india-rubber  coJmec        should  be  bound  with  thm  copper 
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wire  and  the  respective  tubes  provided  with  pinch-cocks ;  these  latter  need 
to  be  carefully  closed  before  any  manipulation  of  the  connections  takes  place. 

The  particular  method  for  estimating  oxygen  is  based  upon  the  well- 
known  reaction  between  oxygen  and  nitric  oxide,  thus,  2N0  +  0^  = 

The  NO,  is  absorbed  by  water ;  there  is,  therefore,  a  contraction  of  three 
volumes  for  every  one  volume  of  oxygen.  The  mode  of  operation  is  to  add 
excess  of  nitric  oxide  to  the  sample  of  air,  and  then  to  read  the  contraction. 
One-third  of  the  contraction  is  the  volume  of  the  oxygen  in  the  sample. 

Some  nitric  oxide  is  prepared  by  the  action  of  dilute  nitric  acid  on  copper 
turnings,  the  gas  being  preserved  in  a  bell  jar  over  water.    The  absorption 


Fig.  8. 


pipette  is  next  charged  with  water,  and  a  sample  of  air  having  been  drawn 
into  and  measured  in  the  gas  burette  is  then,  after  connecting  the  burette 
with  the  pipette,  passed  over  into  the  absorption  pipette  and  there  allowed 
to  remain  while  nitric  oxide  is  introduced  into  the  gas  burette  and  its 
volume  measured.  This  being  done,  the  nitric  oxide  is  passed  over  to  the 
air  in  the  absorption  pipette.  Immediately  the  well-known  reaction  takes 
place,  and  ruddy  fumes  of  NOg  make  their  appearance  in  the  bulb  of  the 
absorption  pipette.  The  absorption  of  these  fumes  by  the  water  is  very  quick. 
The  gas  is  passed  backwards  and  forwards  once  or  twice,  the  fumes  disappear, 
and  the  final  reading  at  once  made. 

Example. — Say  50  c.c.  of  air  are  drawn  into  the  ga3  burette  and  duly  passed  over, 
after  connection,  into  the  absorption  pipette  containing  water.  Say,  further,  that  25 
CO.  of  NOj  are  drawn  in,  measured,  and  also  passed  over  into  the  air  in  the  absorption 
pipette.  After  the  reaction  has  taken  place  and  is  completed,  presume  the  resulting 
volume  of  air  is  found  to  be  44-2  c.c.  ;  that  is,  60  +  25  or  75  c.c.  has  become  44-2  c.c, 
being  a  contraction  of  30-8  c.c.  :  one-third  of  this  contraction,  or  10 '27  c.c,  is  the  volume 
of  oxygen  present  in  the  air  sample  of  50  c.c.  ;  or  in  other  words,  20 "54  per  cent.^ 
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In  this,  and  all  other  processes  of  gas  analysis,  since  the  conditions  of 
temperature  should  remain  constant  throughout  the  estimation,  it  is  of 
importance  that  the  gas  burette,  after  it  has  been  charged,  should  not  be 
handled  except  by  its  iron  stand.  ... 

Estimation  of  Carbon  Dioxide. — The  determination  of  this  gas  m  air  is 
of  the  greatest  general  importance,  mainly  because,  as  a  product  of  both 
respiratfon  and  combustion,  it  affords  an  important  index  as  to  the  extent  to 
which  other  impurities  co-exist.  The  procedure  for  its  estimation  in  most 
common  use  is  Petteiikotfer's  alkalimetric  method. 

The  rationale  of  the  process  is  as  follows  :— Clear  lime-water  or  baryta- 
water  both  being  strongly  alkaline  media,  will  readily  absorb  carbon  dioxide  : 
the  absorption  of  this  weak  acid  will  diminish  the  alkalinity  or  causticity  of 
the  original  lime  or  baryta-water.  If,  therefore,  the  degree  of  alkalinity  of 
either  of  these  media  be  known  both  before  and  after  exposure  to  the 
carbon  dioxide,  the  difference  will  represent  the  amount  of  CO2  which  has 
combined  with  the  lime  or  baryta.  n       i , 

To  carry  out  the  process  it  is  necessary  to  have  a  clean  glass  vessel  capal^le 
of  holdincr  about  a  gallon  or  4  -5  litres.  The  capacity  of  this  jar  is  determined 
byfiUing  it  with  water  at  15°  C.  (  =  59°  F.),  and  measuring  the  contents 
by  means  of  a  litre  or  pint  measure,  one  fluid  ounce  equalling  28 -4  c.c. 
As  already  explained,  the  most  convenient  way  of  collecting  the  air  sample 
is  to  fill  the  jar  with  water  and  empty  it  in  the  place  the  air  of  which  is 
to  be  examined,  and  then  allowing  it  to  drain  for  awhile.  When  this 
has  been  done,  60  c.c.  of  clear  lime  or  baryta-water  are  put  m,  and  the 
mouth  of  the  jar  closed  with  an  india-rubber  cap.  The  vessel  is  agitated, 
so  that  the  lime  or  baryta-water  may  run  over  the  sides  and  thus  becoine 
intimately  exposed  to  the  action  of  the  air  contained  m  the  vessel,  ihe 
same  is  then  aUowed  to  stand  for  half  an  hour  or  longer 

The  causticity  of  the  lime  or  baryta-water  is  next  determmed  by  titration 
with  a  solution  of  crystaUised  oxalic  acid,  made  by  dissolving  2-25  grammes 
of  the  acid  in  a  litre  of  distilled  water.  One  c.c  of  this  solution  exactly 
neu  ralises  one  milligramme  of  lime,  CaO,  or  2-73  milligrammes  of  bary  a,  BaO. 
For  the  actual  determination  of  causticity,  30  c.c.  of  he  hme  or  Wta-water 
are  taken  and  exactly  neutralised  with  the  oxahc  acid  solution,  good 
turmeric  paper,  or  rosalic  acid  or  phenol-phthalem  bemg  used  as  nidicators_ 
If  r^saHc  acidbe  used,  a  few  drops  of  a  solution  made  by  ^i^^^olving  0  5 
iramme  of  rosalic  acid  in  100  c.c.  of  80  per  cent,  alcohol  may  be  added  0 
the Tme  or  baryta-water.  If  phenol-phthalein  be  employed,  a  suitable 
!nlnt  on  is  made  by  dissolving  5  grammes  of  the  phenol-phthalem,  with  the 
a?^of  25  crspiritVof  wine,i  500  c.c.  of  distilled  water.  The  amount  of 
?^ie  in  ?he  30C talen  willbe  then  equal  to  the  number  of  c  c.  of  the  oxahc 
acTd  used  it  is  usually  somewhere  between  34  and  41  milligrammes  In 
the  case  of  baryta  theLount  in  the  30  c.c.  will  be  273  times  the  number  of 

it  tt  stme  mafnerSter  the  lime  or  baryta  placed  in  the  jar  has  absorbed 
.-u   no    rf^^rnT.  hrth^  vessel  30  c.c.  of  it  are  taken  out  and  tested  for 
tlSX'J^  iV  xa  ic  Icll  the  difference  between  this  and  the 
t^r^}lZn\ov.i.g  the  miUigrammes  of  lime  or  baryta  precipitated  or 

t-i-^^^^^^^^^  the  calculation,  it  is  necessary  to  estimate, 

subiect  to  choree  r^^^^^  temperature  and  barometric  pressure,  the  vohanie 
subject  reducing  the  same  to  normal  conditions  of  0  O. 

prlure  is  necessary,  because  tlie  calculat.oa  of  the  volume  of  CO,  fiom 
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weight  of  COo,  as  based  upon  the  analysis  or  titration  of  the  lime  or  baryta- 
water,  is  expressed  in  those  terms,  and  the  conditions  in  both  cases  must  be 
alike  in  order  to  compare  them.  Besides  these  necessary  corrections  for 
temperature  and  pressure,  the  volume  of  the  60  c.c.  of  lime  or  baryta-water 
put  in  the  jar  must  be  deducted  before  the  nett  volume  of  air  in  the  vessel 
can  be  accurately  stated. 

The  milligrammes  of  lime  or  baryta,  calculated  from  the  difference  of  the 
causticities,  are  next  converted  into  terms  of  COg  by  calculation  of  the  ratio 
between  tlieu'  molecular  weights,  and  then  the  COg  converted  from  milli- 
grammes or  measures  of  weight  into  cubic  centimetres  or  measures  of  volume, 
in  the  ratio  of  as  1-9707  is  to  1:  because,  carbon  dioxide  being  22  times 
lieavier  than  hydrogen,  and  1  litre  of  hydrogen  at  0°  C.  and  760  mm.  weigh- 
ing 0"0S958  gramme,  therefore  1  litre  of  COg  at  0°  C.  and  760  mm.  weighs 
22  X  0-08958=  1-9707  gramme,  and  1-9707  milligramme  of  COg  under 
standard  conditions  of  temperature  and  pressure  measure  1  c.c.  Having 
determined  the  exact  volume  of  CO^  present  in  the  known  volume  of  air, 
the  proportion  present  is  readily  expressed  as  either  a  percentage  or  as  so 
many  parts  in  a  thousand.  The  precise  working  of  this  determination 
•  wiU  be  more  readily  apparent  after  the  consideration  of  an  example. 

Example. — Say,  in  a  room  with  the  temperature  at  20°  C.  and  barometric  pressure  at 
'.  720  mm.,  a  sample  of  air  is  collected  in  a  jar,  having  a  capacity  of  4-460  litres,  and 
1  that  60  c.c.  of  lime-water  are  placed  in  the  vessel  for  estimation  of  the  contained  COg. 
■  Whilst  the  jar  is  set  aside,  30  c.c.  of  the  lime-water  are  titrated  with  the  oxalic  acid 
i  solution,  neutrality  being  obtained  with  40  c.c.  of  this  acid  solution,  indicating  40 
1  mgms.  of  lime  as  being  present  in  the  lime-water.  The  gross  capacity  of  the  jar 
i  is  recorded  to  be  4460  c.c,  but,  deducting  60  c.c.  for  the  space  occupied  by  the  added 
]  lime-water,  this  gives  4400  c.c.  nett  as  the  space  available  for  the  air  sample  at  the 
1  recorded  current  temperature  and  pressure  of  20°  C.  and  720  mm.  This,  reduced  to  the 
J  standards  of  0°  C.  and  760  mm.,  gives  3885  c.c.  as  the  corrected  volume  of  air  operated 
I  upon,  or  really  present,  in  the  jar  under  standard  Conditions  of  temperature  and 
1  pressure  :  thus, — 

V=,  4400  x  720  =  3885  CO.  ' 

760(1  + (0-00366x  20)) 
Presume,  after  being  exposed  to  the  action  of  the  air  in  the  jar,  30  c.c.  of  the  lime- 
1  water,  removed  from  the  vessel,''show  a  causticity  equal  to  34  c.c.  of  the  oxalic  acid 
s  solution,  indicating  the  presence  in  that  lime-water  of  34  mgms.  of  lime.    The  difference 
>  between  this  amount  of  lime  and  that  shown  to  be  present  in  30  c.c.  of  lime-water 
before  exposure  to  the  air  gives  40  -  34  or  6  mgms.  of  lime  as  having  combined  with  the 
'  CO2  of  the  air  sample  from  30  c.c.  ;  but  as  60  c.c.  of  lime-water  were  put  in,  this  means 
12  mgms.  of  lime  as  the  total  loss  due  to  the  CO2.     Since  lime,  CaO,  is  to  carbon 
dioxide,  CO2,  as  56  is  to  44,  therefore  12  mgms.  of  lime  equal  9-4  mgms.  of  COg.  But 
milligrammes  of  COg  are  to  cubic  centimetres  of  CO3  as  1-9707  is  to  1,  therefore  9-4 
ingms.  CO2  equal  4-76  c.c.  of  CO2.    Now  the  true  capacity  of  the  jar,  under  standard 
couditions,  we  have  found  to  be  3885  c.c,  and  in  this  we  have  found  4-76  c.c.  of  .CO2, 
■'Which  IS,  in  amount,  equal  to  1-22  c.c.  or  volumes  of  COg  in  1000  cc  or  volumes  of  air. 

It  must  be  understood  that  none  of  the  methods  hitherto  used  for  the 
!  determination  of  carbon  dioxide  in  the  air  give  quite  accurate  results,  but 
1  Pettenkof er's  is  the  most  convenient  for  ordinary  use,  and  is  sufficiently 
a  accurate  for  practical  purposes. 

Determination  of  the  Organic  and  Oxidisable  Matter.— The  nitrogenous 
•matter  existing  in  the  air  may  be  in  the  form  of  dead  or  living  matter  of 
very  various  kinds.  Its  chemical  determination  practically  resolves  itself 
into  washing  the  air,  by  agitation  in  distilled  water,  and  then  estimating 
the  nitrogen,  the  free  and  albuminoid  ammonia,  as  well  as  the  nitrous  and 
mtric  acid  as  described  in  methods  of  water  analysis.  The  mere  presence 
ot  free  ammonia  may  be  determined  by  exposing  strips  of  filtering  paper, 
dipped  in  iSTessler's  solution  or  in  ethereal  solution  of  the  alcoholic  extract 
ot  logwood ;  the  former  becomes  yellow,  the  latter  purple. 

N 


I 


194  Aii^- 


Chapman,  finding  that  water  did  not  sufficiently  absorb  the  nitrogenous 
substances  in  air,  proposed  to  heat  finely-powdered  pumice-stone  to  redness, 
to  moisten  it  with  pure  water,  and  then  to  place  it  over  some  coarse  pieces 
of  pumice-stone  supported  on  wire  in  a  funnel;  a  definite  quantity  of  air 
(say  100  litres)  is  then  drawn  through  the  funnel.    The  pumice-stone  is 
transferred  to  a  retort  containing  water  freed  from  ammonia,  and  distiUed 
as  in  the  determination  of  the  albuminoid  ammonia  of  water  Angus 
Smith  took  a  bottle  of  about  2000  c.c.  capacity,  placed  m  it  30  to  DU  c  c 
of  the  purest  water,  drew  into  it  the  air  to  be  examined   and  then 
agitated  Ve  water  in  the  bottle,  and  proceeded  as  m  Wanklyns  and 
Chapman's  water  test.    The  most  convenient  way  is  to  <i^J\the  air  by 
means  of  a  measured  aspirator,  through  a  succession  of  wash  T^ottl^s,  each 
containing  100  c.c.  of  water  perfectly  free  from  ammonia  and  then  to 
determine  the  free  and  albuminoid  ammonia  by  Wanklyns  method. 

Another  plan  is  to  lead  a  definite  quantity  of  air  through  a  clean  curved 
tube  surrounded  by  a  freezing  mixture;  the  water  of  the  air  condenses 
and  'w  th  it  much  of"^  the  organfc  matter  ;  the  tube  is  then  washed  out  with 
pure  water,  the  washings  are  put  into  a  retort  with  ammonia-free  water^^^ 
Ttmed  a;  usual.  After  passing  through  the  ^^^^^^^^^f^^^t  atlys 
through  pure  water  to  arrest  the  portion  of  organic  mattei  that  always 

air  drawn  through  must,  of  course,  be  accuratdy 
determined  by  a  properly  arranged  aspirator,  and  the  results  then  calculated 
in  milligrammes  per  cubic  metre.  .  . 

Eor  the  estiniation  of  the  oxidisable  matters  m  the  air  in  terms  ot 
oxygen  a  defiu  te  quantity  of  air  is  drawn  through  a  solution  of  permanga- 
nate of  potassium^f  known  strength,  and  the  amount  o  -f--P-f^ 
pe  manganate  is  determined  by  oxalic  acid  or  sodium  ttiosulphate  Or^pa  t 
li  the^ater  through  which  the  air  has  ^^^^i™  for  the  ^^^^^^^^ 

;tS.yof%mLganate,andafter^^^^^^^^^ 

^S^^^^^  "  sltion  of  Uanganate 

used  is  of  strength,  of  which  1  c.c.  =  0-008  milligramme  of  oxygen, 

=  0-0000056  ntre  of  oxygen  at  0°  C.  and  760  mm.    It  is  usuaUy  kept  at 
^1  strength  and  diluted  as  required,  about  50  c.c.  of  dilute  sulphuric  acid 
10  • 
(1  in  3)  being  added  to  each  litre  of  the  weak  solution. 
^    Thi  samiSes  of  air  are  coUected  in  well-stoppered  jars  o  from  *  to  5  htres 
capacity;  50  c.c.  of  the  ^iU-normal  permanganate  s^^^^^^^^^ 
into  the  jar,  which  is  at  once  tightly  stoppered  and  weU  J^^^^^^^^ 
five  minutes.    25  c.c.  of  the  permanganate  are  then  withd^^^^^^  n  by    1  P  ^^^^ 
and  then  placed  in  a  glass  cylinder  l^oldmg  about  250  c_^    i  ^^^^ 
25  C.C.  of  the  permanganate  ^ol^^^ion  are  placed  in  a  si^^^^^^^^^  cj  , 
diluted  up  te  150  C.C.  with  disti  led  water  and  f  ^^^^^^  fj^^^  the 
minutes,  'after  which  the  tints  of  ^^^y^'^^^^'f^'''^^^^^ 
decolourised  cylinder  more  permanganate  is  ^'^^     ^^^^V^f '^^^^^  ,,^ount  of 
until  the  tints  of  both  cylinders  are  of  the  ^^^V^fHwii^^^^  by 
solution  added  from  the  burette  is  a  measure  of  the  ^f^^^^^^  »  j  ^^^^  ^  ^ 
the  known  volume  of  air  on  half  the  P-"^^,"g'^^^^;^,  J,^^  of  the 

gives  the  amount.    The  results  may  either       expressed  m 
number  of  c.c.  of  the  milli-normal  solution  bleached  bj  i 
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by  the  number  of  volumes  of  oxygen  required  to  oxidise  the  organic  matter 
ia,  say,  a  million  volumes  of  air. 

Example. — 25  c.c.  of  solution  from  a  4 '5  litre  jar,  in  wliich  50  c.c.  had  been  placed, 
required  3  c.c.  of  the  permanganate  to  bring  it  up  to  the  standard  tint,  or  the  whole 
50  c.c.  would  have  required  6  c.c.    Tliis  represents  the  number  of  c.c.  of  permanganate 

solution  bleached  by  4500-50  =  4450  c.c.  of  air,  consequently——  =1"348  c.c.  is  the 

4 '45 

bleaching  effected  by  1  litre  of  air.  But  1  c.c.  of  KMn04  solution  =  0-0000056  litre  of 
ox3'gen,  .*.  1-348  c.c.  KMnO4  =  0-00000755  litre  of  oxygen  is  required  to  oxidise  the 
organic  matter  in  1  litre  of  air,  or  7-55  volumes  of  oxygen  to  oxidise  the  organic 
matter  in  a  million  volumes  of  air. 

The  method  is  highly  ingenious  and  can  be  rapidly  performed.  Some 
difficulty  may  be  experienced  at  first  in  matching  the  tints,  and  in  some 
samples  of  very  foul  air  no  amount  of  permanganate  solution  will  bring 
the  decolourised  sample  up '  to  its  colour.  The  permanganate  acts  upon 
various  matters  in  the  air  besides  the  putrescible  organic  matters,  more 
iiarticularly  upon  nitrous  acid  and  hydrogen  sulphide;  this  fact  renders  it  an 
unsatisfactory  test  for  organic  matter,  but  as  a  test  for  organic  matter  and 
other  impurities  co-existing,  it  affords  a  useful  reaction. 

The  presence  or  absence  of  sulphuretted  hydrogen  in  air  may  be  detected 
by  either  exposing  strips  of  paper  moistened  with  lead  acetate  to  the  air,  or 
by  drawing  the  air  through  a  solution  of  the  same  salt.  If  there  is  merely 
a  dark  colour,  but  no  precipitate,  the  amount  may  be  estimated  on 
colorimetric  principles,  that  is,  the  colour  may  be  imitated  by  acting  upon  a 
similar  bulk  of  lead  acetate  solution  by  water  containing  known  quantities 
of  hydrogen  sulphide. 

Estimation  of  Carbonic  Oxide.— The  examination  of  the  blood  for 
carbonic  oxide  is  not  a  difficult  matter.  The  easiest  and  most  delicate 
method  is  to  compare  the  tint  of  a  greatly  diluted  solution  of  the  suspected 
sample  with  that  of  normal  blood  similarly  diluted.  The  latter  is  yellow, 
while  blood  containing  even  very  small  traces  of  carbonic  oxide  is  pink. 

When  the  proportion  of  carbonic  oxide  in  the  blood  is  more  than  40 
per  cent,  of  saturation  (and  usually  death  does  not  result  in  man  until  the 
proportion  reaches  60  to  80  per  cent.),  spectroscopic  examination  of  the 
blood  affords  a  confirmatory  test.  To  the  sample  of  air  collected  in  a  jar 
pure  water  is  added,  and  into  this  a  drop  or  two  of  blood  from  a  pricked 
hnger  is  made  to  fall,  so  as  to  make  a  ddution  of  about  1  in  300.  This 
diluted  blood  is  next  well  shaken  up  with  the  air  in  the  jar,  and  then  a 
small  quantity  is  placed  in  a  spectroscope,  for  an  examination  of  its 
absorption  bands.  As  so  examined,  the  appearance  in  the  spectrum  will 
closely  approximate  to  that  of  oxy-h^moglobin.  Oxidised  hemoglobin 
shows  two  weU-marked  bands  in  the  yeUow  and  in  the  green  parts  of  the 
spectrum  both  lying  between  D  and  E ;  a  little  ammonium  sulphide  is  now 
added  and  the  bottle  well  shaken ;  if  carbonic  oxide  is  present  the  spectrum 
will  undergo  no  change,  but  if  absent,  the  ammonium  sulphide  will  reduce 
ttie  haemoglobin,  as  indicated  by  a  single  absorption  band  in  the  spectrum 
-jccupying  an  intermediate  position  with  regard  to  the  two  original  bands 

Haldane  has  devised  the  foUowing  method  of  determining  the  extent  to 
wnich  blood  is  saturated  with  carbonic  oxide.  A  solution  of  about  1  of 
IT!     rr  ^^^0  a  solution  of  carmine  dissolved 

wiDU  the  help  of  a  little  ammonia  and  diluted  till  its  depth  of  tint  is  about 
?^  solution.    Two  test-tubes  of  equal  diameter 

nl  1  T  ''''^  selected.  5  c.c.  of  the  solution  of  normal  blood  are 
Pleasured  into  one  of  the  test-tubes  and  a  drop  of  the  suspected  blood  placed 
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in  the  other  test-tube  and  caiitiously  diluted  with  water  till  the  depth  of  tmt 
is  about  equal  to  that  of  the  normal  solution.    If  carbonic  oxide  be  present 
in  the  hemoglobin,  a  difference  of  quality  in  the  tints  of  the  solutions  will 
now  be  clearly  perceptible.    Carmine  solution  is  then  added  from  a  burette 
to  the  normal  blood  and  water,  if  necessary,  to  the  abnormal  blood,  till  the 
tints  are  equal  in  both  quality  and  depth.    The  solution  of  abnormal  blood 
is  then  saturated  with  coal  gas,  and  the  addition  of  carmine  to  the  other 
test-tube  continued  until  equality  is  again  established  and  the  amount  of 
carmine  noted.    Example:  To  5  c.c.  of  normal  blood  solution  2  2  c.c.  of 
canine  is  required  to  l3e  added  to  produce  the  tint  of  the  blood  under 
examination,  and  6-2  c.c.  to  produce  the  tint  of  the  same  blood  f ^at".;- 
ated    In  the  former  case  the  carmine  was  m  the  proportion  ot  Z  I  m  /  . 
aiid'in  the  latter  of  6-2  in  11-2.     The  percentage  saturation  (x)  of  the 
haemoglobin  with  carbonic  oxide  is  ^^l2  :  ^  ^  ,  iqO:  a;;  x  is  therefore  5 5 -2. 

As  the  compound  of  carbonic  oxide  and  h^Bmoglobin  is  to  a  shght  extent  dis- 
sociated when  the  blood  is  diluted  with  water,  the  value  found  is  a  little  too 
ow  The  corrections  needed  are  as  follows  :  add  0-5  if  30  per  cent,  satura- 
tSn  be  found,  M  if  50  per  cent.,  1-6  if  60  per  cent.,  2-6  if  70  per  cent.,  4  4 
if  80  per  cent.,  10  if  90  per  cent.  .     .      ,  ^^ 

The  above  method  can  be  utiUsed  for  the  determination  of  smaU  quantitie 
of  CO  in  air.    The  sample  of  air  is  collected  in  a  clean  and  dry  bottle  ot 
^bnnt  4  ounces  capacity.    The  cork  is  removed  under  a  0-5  per  cent,  solut  on 
S^to^  rraboK  L.  of  the  air  allowed  to  ^^^^ble  out,  a  co.^^^^^^^^^^ 
volume  of  blood  solution  entering.    The  cork  is  then  rep  aced  and  the  botUe 
covered  with  a  cloth,  is  shaken  for  ten  minutes    The  solution  is  tl  ^n  passed 
into  a  test-tube  and  its  saturation  with  CO  determined  as  above.  To 
calculate  thf  percentage  of  CO  (p.)  the  foUowing  formula  is  used,  viz.: 

p  ^  ^A^,    Thus  if  S,  the  percentage  saturation,  60,  p.  is  0-105. 

When  carbonic  oxide  is  suspected  of  existing  in  the  air  in  large 
qnaSties,  an  estimation  of  this  gas  can  be  made  by  noting  the  voW  of 
air  absorbed  by  a  solution  of  subchloride  of  copper  m  a  Hempel  apparatus 
tL  subdiloride  of  copper  is  prepared  by  digesting  oxide  of  copper  and 
lopper  tuln^^^^^^^  strong^aydrocwiric  acid.  Since  the  P-^-^^  «-|f  ^ 
n' the  air  somewhat  impa-  the  powers  of  the  copper  ^olu  -^^^^^^^^^^ 

(now  aeprivea  _oi  u  y^    /  volume,  is  due  to  carbonic  oxide. 

neiSu?So^»e°a?dmW  vapour  Tl^^^^^^^^^^^ 

'mmmmm 

meteorology  and  meteorological  f  ^^^'^^^timrs.  j^^^^ 

The  hygrometric  condition  of  the  an  is  asceibaiuBu  riiffprpnt 

HtrS&»-^^^^^^^^^^^^     a.  .... 
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(1)  a  deci-normal  solution  of  sodium  thiosulpliate,  made  by  dissolving  24'8 
granmies  of  NajSjOgSHjO  in  a  litre  of  distilled  water.  One  c.c,  of  this 
solution  will  exactly  decolourise  12"65  milligrammes  of  iodine,  forming 
colourless  sodium  tetretliionate  and  sodium  iodide ;  (2)  a  deci-normal 
solution  of  iodine  made  by  dissolving  12*65  grammes  of  iodine  in  a  litre  of 
water.  As  iodine  is  rarely  very  pure  and  somewhat  volatile  on  weighing, 
it  is  usually  better  to  prepare  the  solution  by  dissolving  13  grammes  of 
iodine,  rubbing  it  up  in  a  little  water  with  20  to  25  grammes  of 
potassium  iodide,  diluting  to  1  litre,  and  diluting  still  further  until  10  c.c. 
of  the  preceding  deci-normal  sodium  thiosulphate  solution  exactly  suffice  to 
decoloiu^ise  10  c.c.  of  the  iodine  solution,  which  has.  been  coloured  blue  by 
the  addition  of  a  few  drops  of  starch  solution.  The  reaction  being  according 
to  the  formula : 

2I^a^S^0s  +  Ig  =  NajS^Oji  +  2NaI. 

The  experiment  is  carried  out  by  exposing  a  given  volume  of  air  to  say 
20  c.c.  of  the  iodine  solution  in  an  absorption  pipette,  when  the  follow- 
ing reaction  ensues  if  sulphurous  acid  be  present:  SOg  +  I, +  2H20  = 
SO^H2  +  2HI.  In  other  words,  64  milligrammes  of  sulphurous  acid 
exactly  convert  253  milligrammes  of  iodine  into  hydrogen  iodide,  or  3*2 
milligrammes  exactly  decolourise  1  c.c.  of  a  deci-normal  solution  of  iodine. 

If,  after  exposure  to  a  given  volume  of  air  for  ten  minutes  in  an  absorp- 
tion pipette,  as  already  described  under  the  head  of  oxygen  determination, 
the  iodine  solution  be  titrated  with  the  deci-normal  solution  of  sodium 
thiosidphate,  each  decrease  of  a  c.c.  of  the  thiosulphate  solution  required 
indicates  3*2  mdligrammes  of  sulphurous  acid  as  present  in  the  given 
volume  of  air. 

Example— Say,  by  means  of  a  Hempel's  apparatus,  180  c.c.  of  air  have  been  exposed 
in  an  absorption  pipette  for  ten  minutes  to  20  c.c.  of  deci-normal  iodine  solution,  which 
]ireviously  had  been  found  to  accurately  correspond  with  20  c.c.  of  a  deci-normal  thio- 
sulphate solution.  After  exposure  to  the  air,  on  re-titration  the  20  c.c.  of  iodino 
solution  only  required  18-6  c.c.  of  thiosulphate  to  exactly  decolourise.  Therefore, 
20-18-6  or  1-4  c.c.  of  thiosulphate  solution  less,  now  required  by  the  iodine  solution, 
represents  the  iodine  converted  into  hydrogen  iodide  by  the  sulphurous  acid  present  in 
the  180  c.c.  of  air.  Or,  1-4  x  3-2=:4-48  milligrammes  of  SO,  present  in  180  c.c.  of  air 
or  0-024  part  in  1000  of  air. 

Detennination  of  Hydrogen  Sulphide.— The  quantitative  estimation  of 
this  gas  can  be  made  in  air  in  a  similar  manner.  One  c.c.  of  deci-normal 
iodine  solution  decomposes  I'T  milligramme  of  sulphuretted  hydrogen; 
therefore,  each  c.c.  of  the  sodium  thiosulphate  solution  less  used  after 
absorption  than  for  the  titration  of  the  same  volume  of  the  original  solution 
of  iodine,  indicates  the  equivalent  absorption  of  1-7  milligramme  hydrogen 
sulphide.  The  amount  present,  then,  in  1000  volumes  of  the  air  is  readily 
calculated. 

Examination  of  Suspended  Matter  and  Micro-organisms. — From  time  to 
time  various  methods  have  been  suggested  for  the  examination  of  the  sus- 
pended matters  in  air.  One  of  the  earliest  methods  was  to  aspirate  large 
volumes  of  air  slowly  through  distilled  water,  placed  in  a  series  of  sriiall 
wash  bottles,  each  holding  about  100  c.c.  The  suspended  or  solid  matter 
was  allowed  to  settle,  the  supernatant  fluid  siphoned  off  and  the  specimens 
irom  the  residue  examined  microscopically. 

A  kter  development  was  Pouchet's  aeroscope  and  Marie-Davy's  modifica- 
tion of  it  These  instruments  practically  consist  of  a  closed  glass  vessel, 
periorated  by  two  glass  tubes  :  each  tube  is  bent  at  a  right  angle,  one  being 
much  shorter  than  the  other.  The  longer  tube,  inside  the  cylinder  or 
vessel,  IS  drawn  to  a  fine  point  and  made  to  impinge  upon  a  circular  glass 
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plate,  which  has  been  previously  smeared  with  glycerine.    The  apparatus  i6 
connected  by  means  of  the  short  tube  with  an  aspirator,  which,  on  being 
worked,  causes  air  to  be  sucked  in  by  the  longer  tube :  the  air,  so  drawn, 
falls  as  a  spray  upon  the  glass  slide,  the  sticky  surface  of  which  retains  the 
suspended  matters.  .       .     .         .  . 

The  simplest  methods  for  examining  the  micro-organisms  in  air  consist 
in  exposing  plates  of  glass  or  microscopic  slides  coated  with  glycerine,  or  a 

mixture  of  glycerine  and  glucose,  or  even 
coated  with  nutrient  gelatine.  SteriUsed 
potatoes    have   been    similarly  exposed: 
Upon  these  various  micro-organisms  settle 
and  subsequently  develop :  all  these  proced- 
ures are,  however,  crude  and  open  to  many 
sources  of  error.     When  specimens  are 
only  desired,  and  not  an  idea  of  the  number 
for  a  given  volume  of  air,  Koch's  method 
is  useful.     He  employs  a  glass  jar  about 
six  inches  high,  the  neck  of  which  is 
plugged  with  cotton-wool.    In  the  interior 
is  a  shallow  glass  capsule,  which  can  be 
removed  by  means  of  a  brass  lifter.  The 
whole  is  sterihsed  by  exposure  to  150°  C. 
for  an  hour.    The  nutrient  gelatine  of  an 
ordinary  stock  tube  is  liquefied  by  heat  and 
the  contents  emptied  into  the  glass  capsule. 
The  jar  is  now  exposed  to  the  air  to  be 
examined,,  for  a  definite  time,  the  cotton-wool  plug  replaced,  and  the  whole 
iar  set  aside  for  the  colonies  to  develop.  ,     j  /«„  q\ 

For  more  accurate  results  Hesse's  apparatus  may  be  employed  (fig.  y). 
This  consists  of  a  glass  cylinder  about  18  inches  long  and  2  mches  m 
d^ne  er.  At  one  e°nd  a  Jiece  of  india-rubber  sheeting  i._  stretched  and 
■firmly  bound  round  the  end  of  theglass  cylinder     Pf  ^ ff 

past  it.    The  other  end  of  the  cylinder  is  closed  with  a  tight-fitt  ng  plug  ot 
fndUrubber,  through  which  a  glass  tube  passes.    From  this  tube  passes  a 
ptS  of  india-rubber  tubing  to  a  litre  bottle  filled  with  water  and  from  tin 
bottle  to  a  second  litre  bottle  another  tube  passes  :  when  not  m  action  this 
tube  is  shut  off    Along  the  bottom  of  the  glass  cylinder  are  placed  50  c.c 
ofnutrien  jelly,  sohd  when  cooled.    The  cylinder  rests  on  a  tripod  s  and 
L't  to  tU'used  by  photographers.    The  -trient  jeUy  ^^^^-^^^ 
cans  tubing  cylinder,  &c.,  are  sterihsed  m  the  usual  manner  by  steamm 
ra  steriHser  repeatedly,  and  the  tubes  with  their  layers  of  jeUy  are  kept 
suffiden  riont!  Lfore  using^  to  see  that  there  is  nothing  growing  upon 
t"men  it  is  wished  to^p-ate,  the  india-rubber  sl-tin|  is  ^^^^^^^^^^^^^^ 
by  a  heated  needle  or  pin,  making  a  very  small  hole,       J^f  P\^f 
opened  :  water  passes  slowly  from  the  upper  to  the  lower       fe^^^^^J^^f  ^ 
it  is  empty  a  litre  of  air  has  been  supposed  to  pass  into  the  cylinder  and  to 
IposTfts^ontained  microbes.    As  many  litres  of  ..ter  as  deseed  ^^^^^^^ 
run  out  simply  by  reversing  the  position  of  the  bottles.    When  ffie  air  is 
very  fou  ,  oUlde  will  be  sufficient,  as  the  colonies  0*1™;-^^^^^  ^ 
dose  and  run  into  each  other.    When  the  operation  is  over,  f^^l^sed  india 
ibbe?  caps  or  pieces  of  cotton-wool,  also  sterilised,  are  ^^^^^  ^^-j' ^^^^^^^^J 
0  the  He^sse  tube,  and  it  is  then  placed  in  either      ^/^f  ^^^^^^^^^^^^ 
other  suitable  place.    After  twenty-four  hours  or  longer,  ^"^^^^^f 
be  counted..  At  one  time  the  glass  cylinders  were  used  with  a  coating 
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fclatinc  all  round  the  interior,  but  this  is  difficult  to  obtain,  and  in  practice 
ft  is  found  that  the  microbes  gravitate  and  settle  on  to  the  layer  at  the 
bottom  of  the  tubes.  The  method  of  Hesse  is  very  elegant,  and  has  many 
advantages :  fi'om  the  length  of  the  surface  of  the  jelly  exposed,  separate 
colonies°form,  often  giving  pure  cultivations,  and  their  growth  can  be 
studied  as  on  a  glass  plate,  and  inoculations  can  be  readily  made  in  the 
usual  manner. 

There  are  undoubtedly  objections,  some  of  which  apply  to  all  bacterial 
methods,  and  others  which  apply  specially  to  this  one  in  particular.  The 
chief  objection  appears  to  be,  that,  although  you  run  off  a  litre  of  water, 
and  although  the  capacity  of  the  glass  cylinder  is  also  about  a  litre,  it  does 
not  follow  that  a  litre  of  air  has  been  drawn  from  the  outside.  The  first 
half  of  the  air  contained  in  the  glass  cylinder  may  be  removed,  but  after 
that,  or  even  before  it,  the  air  from  the  outside  and  the  air  inside  diffuse 
and  commingle,  so  that  a  mixture  of  these  will  be  aspirated  out,  and  in 
consequence  a  litre  of  air  will  not  have  passed  in.  This  defect  makes  the 
method  doubtful  as  a  quantitative  test.  Another  objection  is,  that  one 
caimot  be  sure  that  all  microbes  are  deposited  :  true,  we  find  in  practice 
that  the  colonies  are  found  in  greatest  abundance  at  the  end  furthest  from 
the  aspirator  and  gradually  diminish  inwards,  but  still  one  cannot  be  certain 
that  some  micro-organisms  have  not  escaped.  Notwithstanding  these  objec- 
tions, the  method  is  one  of  considerable  practical  value. 

In  order  to  obviate  some  of  the  difficulties  and  objections  experienced 
with  Hesse's  apparatus,  Percy  Trankland  aspirates  the  air  through  small 
glass  tubes,  5  inches  long  and  ^  inch  internal  diameter,  in  which  are  placed 
two  plugs  of  sterilised  glass  wool ;  these  plugs  retain  the  germs,  and  are 
then  introduced  into  flasks  containing  nutrient  gelatine,  and  well  shaken, 
up.  The  gelatine  solidifies  on  the  sides  of  the  flask,  and  the  colonies  can 
be  examined  readily  tln-ough  the  glass.  The  glass  wool  mixes  so  intimately 
with  the  gelatine  that  it  does  not  interfere  Avith  the  easy  perception  of 
colonies  which  they  develop. 

Sedgwick  and  Tucker  suggested  one  of  the  best  methods  for  the 
bacteriological  examination  of  air.  A  glass  tube  of  special  form  is  employed : 
this  consists  of  an  expanded  portion  about  15  cm.  long  and  4  "5  cm.  in 
diameter,  which  at  one  end  terminates  in  a  contracted  neck  about  2  5  cm* 
in  diameter,  to  the  other  end  is  fused  a  narrow  tube  15  cm.  long  and  0-5  cm. 
wide.  The  neck  of  the  tube  is  plugged  with  cotton-wool  and  two  plugs 
are  inserted  in  the  narrow  part  of  the  tube,  one  at  the  end  and  one  about 
6  cm.  from  the  expanded  portion.  The  whole  is  sterilised,  and  when  cool 
the  narrow  part  of  the  tube  from  its  insertion  to  the  first  plug  is  filled  with 
cane-sugar,  which  has  been  carefully  dried  and  sterilised  at  120°  C.  The 
tube  is  again  sterilised  at  1 20°  C.  for  three  hours,  taking  care  not  to  melt 
the  sugar.  When  in  use  the  narrow  part  of  the  tube  is  attached  to  an 
aspirator,  and  the  cotton-wool  plug  having  been  removed  from  the  neck,  a 
known  volume  of  air  is  drawn  through  the  sugar.  The  cotton-wool  is  then 
replaced  and  the  sugar  shaken  down  into  the  wide  part  of  the  tube ;  15  c.c. 
of  melted  gelatine  are  then  poured  into  the  expanded  portion  of  the  tube, 
the  sugar  readily  dissolves,  and  a  roll-culture  is  then  made  in  the  tube. 
When  the  gelatine  is  firm,  the  tube  is  incubated  at  22°  C,  and  the  colonies 
allowed  to  develop  for  as  long  a  time  as  possible;  a  count  should  be  made 
daily  in  the  event  of  the  gelatine  becoming  liquefied. 

A  very  similar  plan  is  that  of  Petri,  who  employs  calcined  sand  as  a 
filter,  in  grains  of  0  25  to  0-5  mm.  in  size.  Two  such  sand  filters,  each 
3  centimetres  in  length,  are  kept  in  position  within  small  glass  tubes  by 
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means  of  small  wire  caps.  The  whole,  after  sterilisation,  is  connected 
with  an  aspirator  and  air  drawn  through,  the  sand  being  subsequently 
transferred  to  liquefied  gelatine  as  in  Frankland's  method. 

It  is  impossible  to  say  definitely,  at  present,  which  of  these  methods  is 
the  best;  but  a  large  number  of  observations  indicate  that  the  use  of 
glass  wool  or  of  sand  filters,  with  a  subsequent  preparation  of  plate  cultures 
from  them,  is  preferable  to  the  groAvth  of  colonies  in  a  long  tube,  such  as 
Hesse's. 

The  actual  varieties  of  micro-organisms  which  have  been  found,  by  one 
or  other  of  these  methods,  in  air,  are  considerable,  and  in  the  majority 
of  cases  moulds  are  much  less  frequently  found  than  bacteria.  The  purer 
air  is,  the  more  generally  do  the  numbers  of  bacteria  and  moulds  approxi- 
mate. In  inhabited  rooms,  when  the  air  becomes  vitiated,  the  bacteria 
increase,  while  the  moulds  are  affected  hardly  at  all. 

The  effect  of  stirring  up  dust  is  to  increase  the  ratio  of  bacteria  to  moulds. 
On  the  other  hand,  if  the  air  be  allowed  to  remain  quiet  for  any  length  of 
time,  the  bacteria,  or  rather  the  particles  to  which  they  are  attached,  settle 
out  much  more  rapidly  than  moulds. 

The  ratio  of  bacteria  to  moulds  in  the  air,  on  still  and  windy  days  and 
in  dry  and  damp  weather,  is  shown  in  the  following  table.  Other  things 
being  equal,  there  are  fewer  bacteria  in  the  air  on  damp  or  still  days  than 
on  dry  or  windy  days.  The  moulds  seem  to  be  much  less  afi'ected  by  either 
wind  or  dryness. 


Still,  damp  days. 

Windy,  damp  days. 

Still,  dry  days. 

Windy,  dry  days. 

Bacteria, 

36 

—  or  as  1  :  1 
37 

63 

—  or  as  1'26  :  1 
50 

70 

—  or  as  2 '6  :  1 
27 

108 

 or  as  14"1  :  1 
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Moulds, 
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VENTILATION  AND  HEATING. 

In  the  last  chapter  sufficient  evidence  was  given  to  indicate  the  intimate 
connection  between  impaired  health,  whether  in  man  or  animals,  and 
defective  air  supplies,  as  to  render  any  repetition  of  either  facts  or  figures 
unnecessary  here.  The  theory  and  practice  of  ventilation  aims  essentially 
at  correcting  any  evils  arising  from  faulty  conditions  of  the  air  in  houses, 
factories,  or  other  enclosed  spaces.  The  term  'ventilation,'  however,  is 
not  always  used  in  the  same  sense,  being  frequently  confused  with  aeration. 
In  simple  aeration  of  a  room  the  air  is  changed  but  once  or  at  intervals, 
whereas  in  true  ventilation  the  air  is  constantly  changed  by  the  passing  out 
of  a  portion  of  the  enclosed  air,  and  the  entrance  of  other  air  to  take  its 
place.  Eegarded,  therefore,  as  the  continuous,  and  more  or  less  systematic, 
renewal  of  air  in  a  room  or  other  closed  space,  the  term  '  ventilation '  may  be 
strictly  defined  as  the  removal  or  dilution,  by  a  supply  of  pure  air,  of  the 
pulmonary  and  cutaneous  exhalations  of  men  or  animals,  and  of  the  pro- 
ducts of  combustion  from  lights  in  ordinary  dweUing*-houses,  to  which  must 
be  added,  in  factories,  dust  from  industrial  processes,  and  m  hospitals,  the 
effluvia  which  proceed  from  the  persons  and  discharges  of  the  sick. 

Involving,  as  it  does,  the  introduction  of  pure  external  air  in  continuous 
currents,  its  diffusion,  and  the  constant  removal  of  a  corresponding  volume 
of  air  more  or  less  fouled  by  gases,  vapours,  moisture,  and  particulate  matter, 
or  which  is  heated  above  the  degree  which  is  consistent  with  comfort  and 
health,  the  subject  of  ventilation  is  one  of  some  complexity,  and  is  closely 
connected  with  the  facts  wliich  concern  the  production  and  distribution  ot 
heat  In  studying,  therefore,  the  allied  subjects  of  ventilation  and  heatmg, 
we  have  to  remember  the  chemical  and  physical  properties  of  air,  to  bear  in 
mind  the  various  sources  of  its  contamination,  as  weU  as  the  forces  which  are 
available  for  moving  it  in  the  direction  best  suited  for  our  purpose,  coupled 
with  a  consideration  of  the  arrangements  of  flues,  shafts,  &c.,  best  adapted 
to  secure  the  entrance,  diffusion,  and  exit  of  the  amount  of  air  required 

Notwithstanding  the  existence  of  a  vast  amount  of  literature  upon  these 
subjects,  both  from  the  purely  hygienic  and  the  purely  engineering  or 
architectural  points  of  view,  still  the  conditions  of  ventilation  and  heating 
in  the  greater  number  of  dweUings  and  public  buildings  must  be  said  to  be 
unsatisfactory.  In  this  country,  the  great  majority  of  habitations  have  no 
systematic  scheme  of,  or  special  provisions  for,  ventilation,  and  even  in  the 
greater  number  of  churches,  schools,  theatres,  courts  of  justice,  and  public 
assembly  rooms,  in  which  some  openings  do  exist  for  the  entrance  and  exit 
of  air,  it  is  rare  to  find  satisfactory  ventilation.  The  causes  of  this  appear 
to  be  partly  apathy  and  ignorance  on  the  part  of  the  people  partly  an 
inability  on  the  part  of  architects  and  engineers  to  accept  a  ^^A^^^^^  f  ^^^^ 
as  to  quantity  of  air  required,  and  partly  the  question  of  cost.    In  respect 


QUANTITY  OF  AIK  REQUIRED  FOR  VENTILATION.  S03 

of  this  last  factor,  it  is  important  to  remember  that  in  most  cold  climates  it 
is  difficult  to  combine  good  ventilation  and  sufficient  heating  with  cheapness 
of  construction  in  building;  possibly  the  question  of  expense  might  be 
considerably  modified,  were  the  matter  of  ventilation  and  heating  duly 
considered  in  the  beginning,  and  not  taken  up  as  an  after-thought  when 
every  detail  as  to  construction  has  been  decided  upon.  When  this  fact  is 
more  fully  appreciated  by  architects  and  builders,  doubtless  considerable 
improvements,  as  to  both  ventilation  and  heating,  will  soon  be  apparent. 

This  subject  may  be  xjonveniently .  considered  under  the  following 
heads : —  ■ 

1.  The  quantity  of  fresh  air  required  for  the  purposes  defined  above. 

2.  The  mejthods  by  which  this  quantity  may  be  supplied. 

3.  The  m^hods  of  heating  and  coohng.  ' 

4.  The  mfethod  of  examining  whether  ventilation  and  heating  are 
sufficient  or  not:  or  in  other  words,  ascertaining  that  the  air  of  inhabited 
rooms  is  pure,  according  to  a  certain  standard. 

QUANTITY  OF  AIR  REQUIRED  FOR  VENTILATION. 

The  quantity  of  air  required  for  ventilation  will  naturally  depend  upon 
the  nature  and  amount  of  the  air  impurities  requiring  dilution  and  removal, 
These  have  been  already  considered  in  the  preceding  chapter,  and,  disregard- 
ing details,  practically  consist  of  impurities  from  respiration  and  from 
artificial  lights.  Of  these  various  impurities,  no  matter  whether  from 
respiration  or  illumination,  the  carbon  dioxide  is  accepted  as  the  chief 
measure  of  air  vitiation.  This  is  so,  not  because  the  carbon  dioxide  exists 
in  such  amount  as  to  much  influence  health,  but  because  it  appears  to  exist 
in  a  constant  ratio  with  the  other  offensive  and  possibly  more  dangerous 
impurities.  And  as  it  is  very  readily  determined  with  sufficient  accuracy 
for  practical  purposes,  it  is  taken  as  a  convenient  index  to  the  amount  of 
the  other  impurities  in  general. 

Fresh  Air  requirements  of  the  Healthy. — Taking  the  carbon  dioxide  as 
the  measure  of  the  impurity  of  the  air  vitiated  by  respiration  and  transpira- 
tion, in  short,  from  the  person  in  any  way,  we  have  to  ask.  What  is  to  be 
considered  the  standard  of  purity  of  air  in  dwelling-rooms'?  We  cannot 
demand  that  the  air  of  an  iiiliabited  room  shall  be  absolutely  as  pure  as  the 
outside  air ;  for  nothing  short  of  breathing  in  the  open  air  can  insure  perfect 
purity  at  every  respiration.  In  every  dweUing-room  there  will  be  some 
impurity  of  air. 

The  practical  limit  of  purity  will  depend  on  the  cost  which  men  are 
willing  to  pay  for  it.  If  cost  is  disregarded,  an  immense  volume  of  air  can 
be  supplied  by  mechanical  contrivances,  but  there  are  comparatively  few 
cases  in  which  this  could  be  allowed. 

Without,  however,  attempting  too  much,  it  may  be  fairly  assumed  that 
the  quantity  of  air  suppUed  to  every  inhabited  room  should  be  sufficient 
to  remove  all  sensible  impurity,  so  that  a  person  coming  directly  from  the 
external  air  should  perceive  no  trace  of  odour,  or  difference  between  the 
room  and  the  outside  air  in  point  of  freshness.  This  is  now  pretty  generally 
admitted  as  the  most  convenient  practical  standard,  precautions  being  taken 
that  the  air  space  be  entered  directly  from  the  external  air,  or  as  nearly  so 
as  possible,  for  the  sense  of  smell  is  rapidly  dulled^ 

In  1875,  de  Chaumont  showed  from  a  large  number  of  observations  that 
the  sense  of  smell,  carefully  employed,  gives  a  very  fair,  idea  of  thd  amount 
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of  impurity  in  an  air  space.  In  these  experiments,  the  amount  of  carbon 
dioxide  in  the  external  air  was  determined  at  the  same  time,  so  that  the 
respiratory  impurity  was  accurately  known.  Dividing  the  observations  into 
groups,  the  following  results  were  obtained  : — 


1.  Fresh,  or  not 
differiug  sen- 
sibly from  the 
outer  aic 

2.  Rather  close. 
Organic  matter 
becoming 
perceptible. 

3.  Close. 
Organic  matter 
disagreeable. 

4.  Very  close. 
Organic  matter 
offensive  and  op- 
pressive ;  limit  of 
differentiation  by 
the  senses. 

Mean  C0„  per  1000  vols, 
reduced  to  0°  C.  (==32° 
F.),  due  to  respiratory 
impurity,     .       .  . 

1  0-1943 

0-4132 

0-6708 

0-9054 

It  will  thus  be  seen  th&,t  the  smell  of  organic  matter  is,  on  an  average, 
imperceptible  to  the  sense  of  smell  when  the  coincident  CO^,  due  to 
respiratory  (or  personal)  impurity,  does  not  exceed  0-1943  per  1000 ;  and 
that  when  it  reaches  0-9054,  smell  is  no  longer  able  to  detect  shades  of 
difference.  We  may  therefore  take  0-2  per  1000  in  round  numbers  as 
the  maximum  amount  of  respiratory  impurity  admissible  in  a  properly 
ventilated  air  space. 

The  relation  between  the  smell  and  air  vitiation  of  an  inhabited  room 
varies  greatly  under  certain  circumstances.  Thus  the  smell  of  organic  con- 
tamination from  respiration  may  not  be  perceptible  when  the  CO^  is  as  high 
as  0-5  per  1000,  and  yet  be  very  decided  when  the  CO2  does  not  exceed  0-3 
per  1000.  These  differences  depend  largely  upon  the  amomit  of  moisture 
present  and  the  temperature. 

In  adopting  any  standard  of  air  purity,  as  expressed  by  the  proportion  of 
carbon  dioxide  present,  we  must  not  forget  that,  although  hitherto  it  has 
been  assumed  that  the  carbon  dioxide  found,  in  excess  of  that  which  exists 
in  the  outer  air,  is  all  due  to  respiration,  such  is  not  always  the  case.  Some 
may  be  due  to  gas  or  candles.  Similarly,  in  instances  where  some  of  the  air 
impurity  may  not  be  readily  appreciable  by  a  chemical  test,  the  vitiation  as 
indicated  by  a  greater  or  less  amount  of  carbon  dioxide  may  be  wide  of  the 
mark.  Subject  to  these  considerations,  we  may  practically  accept  the  carbon 
dioxide  present  in  any  given  air  sample  as  the  best  and  most  rehable  index 

of  air  pollution.  •   -i  i  ■ 

Having  fixed  upon  a  standard  of  respiratory  impurity  permissible  m  a 
properly  ventilated  air  space,  it  is  easy  to  calculate  the  amount  of  air  needed 
to  dilute  the  air  expired  by  a  person  for  a  given  time,  so  that  the  carbon 
dioxide  contained  in  the  resulting  mixture  shall  not  exceed  this  standard. 
The  amount  of  carbon  dioxide,  over  and  above  that  in  the  inspired  air, 
which  is  expired  by  an  individual  during  an  hour,  varies  with  his  weight 

and  body  activity.  .  •  j 

Pettenkof  er,  whose  experiments  are  still  the  most  trustworthy,  ascertained 
that  a  man  of  twenty-eight  years  of  age,  weighing  132  Bx  avoir.,  evolved 
per  hour  at  night  during  repose  0-56  of  a  cubic  foot  of  carbon  dioxide,  and 
0-78  in  the  day  time,  using  very  moderate  exertion;  during  hard  work  the 
same  man  evolved  1-52  per  hour.    These  amounts  give  the  foUowmg  :— 


In  repose, 

In  gentle  exertion, 

In  hard  work, 


0-00424  cub.  ft.  of  CO2  per  tt>  of  body- weight. 
0-00591  ,,  „  .. 

0-01153 
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These  figures  are  nearly  in  the  ratio  of  2,  3,  and  6,  and  this  may  serve 
as  a  guide  to  the  proportions  of  fresh  air  required.  If  we  now  take  the 
average  weight  of  adult  males  at  150  lb  to  160  tt),  adult  females  at  100 
lb  to  120  Q),  and  children  at  60  ft  to  80  lb,  we  should  have  the  following 
amounts  of  carbon  dioxide  evolved  per  hour  in  repose  : — 

Adult  males,       .         .    0-636  to  0-678  cubic  foot.  . 

„     females,     .  .    0-424  to  0-509 

Cliildren,  .  .  .    0-254  to  0-339 

The  estimate  for  children  is  probably  too  little,  as  tissue  change  is  more 
active  in  their  case. 

For  a  mixed  community  a  general  average  of  0-6  of  a  cubic  foot  per  hour 
may  be  adopted ;  but  for  adult  males,  such  as  soldiers,  it  is  advisable  to 
adopt  0-7  to  0-72. 

By  dividing  the  amount  of  carbon  dioxide  exhaled  in  an  hour  by  the 
permissible  limit  of  respiratory  impurity,  de  Chaumont  suggested  the 
number  of  cubic  feet  of  air  per  hour  required  per  person :  tliis  is  now  the 
standard  most  generally  accepted  by  all  sanitarians.  It  is  conveniently 
expressed  by  the  following  formula : — 

where  e  =  the  amount  of  COj  exhaled  by  one  individual  in  an  hour,  p  =  the 
limit  of  admissible  impurity  (stated  per  cubic  foot),  and  d  =  t'he  required 
delivery  of  fresh  air  in  cubic  feet  per  hour.    If  we  take  e  at  the  general 

0-6 

average  of  0-6  of  a  cubic  foot,  then  o^oOO^"^^^^  P^^*''^°S  e  at  a 

0-7 

higher  figure,  say  0-7,  then  q-qqqo^^^OO  :  or,  putting  e  stdl  higher,  say 
0-92 

0-92,  then  ^.^^^^  =  4600.  . 

For  mixed  communities,  under  ordinary  conditions,  3000  cubic  feet  per 
hour  is  the  accepted  standard  allowance  per  person. 

This  formula  may  also  be  used  conversely,  in  order  to  find  from  the  con- 
dition of  the  air  the  average  amount  of  fresh  air  which  has  been  hitherto 
supphed  and  utilised.    For  this  purpose  we  simply  substitute  for  p  (the 

admissible  limit)  p,,  the  observed  ratio  :  thus,  —  =  d. 

Example. — Let  us  suppose  that  the  total  CO2  in  a  room,  after  occupation,  is  found  to 
be  1-1  per  1000,  or  0-0011  per  cubic  foot,  that  in  the  outer  air  being  0-0004  :  therefore 

Pj,  or  the  observed  ratio  of  respiratory  impurity,  is  O'OOll  -  0-0004  or  0-0007  ;  then  -  =  6?, 

Pi 

0-6 

or  Q.QQQy"^^^  cubic  feet  of  air,  have  been  supplied  during  the  period  of  occupation. 

By  a  transposition  of  the  last  formula,  we  can  calculate  the  probable 
condition  of  the  atmosphere  in  a  room  into  which  a  given  quantity  of  air 

has  been  or  is  being  delivered  :  thus,  ^  =  p^. 

Example. — If  five  persons  occupy  a  room  of  6000  cubic  feet  space  for  six  hours,  what 
percentage  of  COj  would  be  present  at  the  end  of  the  time,  supposing  8000  cubic  feet  of 
fresh  air  have  been  supplied  per  hour  ? 

Presuming  that  each  person  gives  off  0-6  cubic  foot  of  CO2  per  hour,  therefore  five 
persons  in  six  hours  exhale  0-6  x  5  x  6  =  18  cubic  feet  of  CO2,  and  this  will  represent  e  or 
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the  observed  ratio  of  respiratory  impurity :  d,  or  total  amount  of  fresh  air-  available, 
will  be  54,000  cubic  feet,  because  6000  were  originally  present  in  tlie  room  and  48,000 
are  added  during  the  six  hours  :  then, 

-  =  0i  becomes  =pu  or  0'00033  per  cubic  foot  or  0'033  per  cent. 

d    '^^  54000 

That  is,  the  added  respiratory  impurity  is  0-033  per  cent.  ;  but  the  air  of  the  room 
originally  may  be  presumed  to  have  contained  0*04  per  cent,  of  COg,  therefore  the  total 
percentage  of  COa  in  the  air  asked  for =0-033 +  0-04  or  0-073  per  cent. 

It  must  be  observed  that  in  applying  these  formulse,  the  primary  value 
of  e  must  be  changed  with  different  conditions.  For  children,  it  averages 
0-4 ;  for  adults  under  ordinary  circumstances,  O'G  ;.  for  adult  males,  such  as 
soldiers,  0-72  has  been  suggested;  while  for  adults  employed  in  arduous 
work,  possibly  as  much  as  2  cubic  feet  may  be  taken  as  the  average  hourly 
exlialation  of  carbon  dioxide. 

For  a  long  time  after  tliis  subject  first  attracted  attention  the  amoimt  of 
fresh  air  supposed  to  be  necessary  was  put  at  too  low  a  figure.  Even  the 
fio-ures  of  Morin,  which  were  a  great  advance  at  the  time,  are  insufficient. 
He  proposed  2118  cubic  feet  (60  cubic  metres)  for  barracks  at  night,  and 
Eanke  adopts  the  same  figures. 

Roth  and  Lex  adopt  the  maximum  of  total  impurity  at  0-6  per  1000, 
which  includes  0*4  of  initial  CO^;  and  as  they  estimate  the  expired  CO^ 
as  20  litres,  or  0-706  cubic  foot  per  hour,  they  give  the  hourly  quantity  of 
air  as  100  cubic  metres,  or  3533  cubic  feet. 

It  is  highly  desirable  that  some  general  agreement  should  be  come  to  as 
to  the  amount  of  air  necessary,  even  if  it  be  admitted  that  the  desired 
amount  cannot  always  be  obtained.  If  we  adopt  the  following  amounts  of 
COg  as  being  evolved  during  repose,  we  shall  not  be  far  from  the  probable 
truth  :— 

Adult  males    (say  160  lb  weight),        .  .    0-72  of  a  cubic  foot. 

„    females  („   1-20  16     „     ),         •  •  0"6 

Children        (  „     80  lb     ,,     ),        .  .0-4 
Average  of  a  mixed  community,    .       .  •    0-6  ,, 

Under  those  conditions  the  amount  of  fresh  air  to  be  suppHed  in  health 
during  repose  ought  to  be — 

For  adult  males,      ,  .  3600  cubic  feet  per  head  per  hour  =  102  cm. 

.      „      „    females,    .  .  3000        „  „  „       =  §5  „ 

„  children,  .  .  2000        „  „  „       =  57  „ 

,,  a  mixed  community,     .  3000        ,,  „       —  °°  >> 

The  amount  for"  adult  males  as  above  given  is  just  over  100  cubic  metres, 
or,  if  we  state  it  at  3600  cubic  feet,  it  is  just  one  cubic  foot  per  second. 
These  numbers  are  easy  to  remember. 

When  \ve  have  to  deal  with  places,  the  inmates  of  which  are  actively 
employed,  such  as  workshops  and  the  like,  the  amount  of  air  supplied  must 
be  proportionately  increased.  We  have  seen  that  in  hght  work  the  carbon 
dioxide  evolved  per  hour  is  nearly  0-006  of  a  cubic  foot  per  ft  of  body- 
weight,  and  in  hard  work  more  than  double  that  amount,— so  that  for  a 
man  of  160  ft  weight  we  should  have- 
In  light  work,  .  .  0-95  of  a  cubic  foot  of  CO2  evolved  per  hour. 
In  hard  work,        .  .    1-84  >>  »> 

This  would  argue  a  delivery  of  fresh  air  as  follows  : —  ' 

In  light  work,       .  .          •          •    4750  cubic  feet. 

In  hard  work,       .         .         •         •    ^"^^^  » 


FEESH  AIR  REQUIKEMENTS  OF  THE  SICK. 


207 


Carnelley,  Haldane,  and  Anderson,  basing  their  opinion  not  only  upon 
tlie  average  presence  of  carbon  dioxide  in  the  air,  but  also  upon  the  organic 
matter  and  number  of  micro-organisms,  proposed  that  instead  of  taking  0-6 
cubic  foot  of  CO2  per  1000  as  the  limit,  that  the  standard  should  be  1-0 
for  dwellings  and  1  '3  for  schools.  In  the  case  of  organic  matter,  that  not 
more  than  two  volumes  of  oxygen  should  be  required  for  oxidation  per 
million  volumes  of  air,  and  that  the  micro-organisms  should  not  exceed  560 
per  cubic  foot  of  air.  The  above  figures  for  carbon  dioxide  are  inclusive  of 
that  ordinarily  present  in  the  air,  and  certainly  give  a  very  liberal  margin, 
which  ought  not  to  be  transgressed.  If  accepted,  the  respiratory  impurity 
permissible  in  dwellings  would  be  as  high  as  0-6  for  dwellings  and  0-9  for 
schools,  in  place  of  de  Chaumont's  general  permissible  respiratory  impurity 
of  0-2.  On  this  basis,  the  hourly  need  of  fresh  air  in  dwellings  would  not 
xceed  1000  cubic  feet  per  head,  and  in  schools  be  but  550  cubic  feet. 
Experience,  so  far,  has  not  justified  the  general  acceptance  of  those  low 
standard  allowances  of  fresh  air  per  hour. 

In  mines,  experiments  show  that,  if  it  is  washed  to  keep  up  the  greatest 
energies  of  the  men,  no  less  than  6000  cubic  feet  per  hour  must  be  given  ; 
if  the  quantity  be  reduced  to  a  third  or  half,  there  is  at  once  a  serious 
diminution  in  the  amount  of  work  done  by  the  men.  This  amount  of  fresh 
air  includes,  of  course,  aU  that  wanted  in  the  mine  for  horses,  lights,  &c. 

Fresh  Air  requirements  of  the  Sick. — In  making  differential  experiments 
among  the  healthy  and  the  sick,  it  was  found  that  among  the  former 
the  smell  of  organic  matter  was  still  impercei^tible  when  the  air  contained 
0-208  per  1000  of  respiratory  impurity  as  carbon  dioxide  ;  but  in  hospitals 
containing  ordinary  cases  it  was  quite  distinct  when  the  COg  reached  0'166. 
From  this  we  may  conclude  that  the  minimum  amount  of  fresh  air  for 
liospitals  ought  to  exceed  that  required  in  health  by  at  least  one-fourth.  If 
3000  cubic  feet  per  hour  be  admitted  as  a  general  average  in  health,  we 
may  demand  in  round  numbers  4000  in  sickness ;  and  if  we  have  to  deal 
with  adult  males  only,  such  as  soldiers,  4500  per  head  per  hour.  When 
•we  have  to  deal  with  serious  cases,  a  still  greater  amount  must  be  given, 
reaching  5000,  6000,  or  even  more  if  possible — in  fact,  the  sujaply  should 
be  unlimited.  These  views  are  in  accordance  with  the  results  of  experi- 
mental inquiry. 

In  some  diseases,  so  much  organic  substance  is  thrown  off  that  scarcely 
any  ventilation  is  sufficient  to  remove  the  odour.  In  some  of  the  London 
hospitals  de  Chaumont  found  that  there  was  still  a  close  smeU  when  5000 
cubic  feet  and  even  more  were  supplied,  but  the  distribution  was  not  perfect. 
Even  where  3600  feet  were  supplied  and  utilised  (as  calculated  from  the 
CO2),  the  ward  M^as  not  free  from  smell.  The  great  value  of  fresh  air  and 
of  cubic  space  is  now  fuUy  recognised  in  the  treatment  of  surgical  cases ; 
and  it  is  weU  known  that  in  typhus  fever,  and  also  in  smaU-pox  and  plague, 
the  free  exposure  of  patients  to  fresh  air  is  as  important  a  part  of  the  treat- 
ment as  the  administration  of  suitable  diet  and  medicines.  Even  temper- 
ature must  be  sacrificed  to  a  considerable  extent  in  order  to  obtain  fresh  air,, 
if  a  choice  requires  to  be  made  between  the  two. 

Fresh  Air  required  for  Artificial  Lights. — The  same  principles  which 
govern  the  calculation  of  fresh  air,  needed  to  dilute  and  remove  respiratory 
impurities,  apply  equally  to  the  case  of  air  vitiation  from  gas  lights,  lamps, 
and  candles.  If  the  products  of  their  combustion  are  allowed  to  pass  into 
rooms,  fresh  air  must  be  supplied  to  dilute  and  remove  them.  Although 
the  contaminations,  especially  in  the  case  of  gas,  are  very  great,  it  is 
estimated  that  for  their  proper  dilution  the  amount  of  fresh  air  supply,  in 
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relation  to  the  carbon  dioxide  evolved,  need  not  be  so  great  in  their  case  as 
for  breath  impurities.    It  has  been  calculated  that  for  every  cubic  foot  of 
coal  gas  burnt,  500  cubic  feet  of  fresh  air  must  be  introduced  hourly  to 
properly  dilute  the  products  of  combustion;  and  this  is  not  too  much  if 
we  remember  that  a  cubic  foot  of  good  coal  gas  produces  0-5  cubic  foot  of 
carbon  dioxide,  and  that  sulphur  dioxide  and  other  substances  may  be  also 
formed.    An  ordinary  flat  flame  burner  will  burn  at  least  5  cubic  feet  of  gas 
per  hour,  and  in  the  course  of  an  evening  of  four  hours,  will  generate  at 
least  10  cubic  feet  of  carbon  dioxide,  and,  assuming  that  a  supply  of  1000 
cubic  feet  of  fresh  air  are  needed  for  every  cubic  foot  of  carbon  dioxide  pro- 
duced per  hour,  we  shall  require  for  this  gas-burner  alone  some  10,000  cubic 
feet  of  air  to  be  supplied  during  the  evening,  or  about  2250  cubic  feet  per 
hour ;  unless,  of  course,  the  products  of  combustion  are  removed  by  a  special 
channel.    We  have  aheady  seen  that,  the  power  of  illumination  bemg 
equal,  gas  produces  less  carbon  dioxide  than  candles ;  but  usually  so_  much 
more 'gas  is  burnt  that  the  air  is  much  more  contaminated;  there  is  also 
greater  heat  and  more  watery  vapour.  The  carbon  dioxide  and  aqueous  vapour 
should  never  be  allowed  to  escape  into  the  air  of  a  room,  for  the  bad  effects 
of  breathing  the  products  of  gas  combustion  are  only  too  well  known.  _ 

One  a  of  paraffin  oil  demands  for  complete  combustion  138  cubic  feet 
of  air ;  and  to  keep  the  air  perfectly  pure,  nearly  as  much  air  must  be  intro- 
duced for  It)  of  oil  as  for  15  cubic  feet  of  gas.    In  mines,  60  cubic  feet 
of  air  per  hour  are  aUowed  for  each  light ;  the  lights,  however,  are  usuaUy. 
dim  and  the  combustion  imperfect,  facts  which  indicate  the  fresh  air  aUow- 
ance  to  be  inadequate.    Speaking  generaUy,  and  under  equal  conditions  of 
illuminating  power,  an  ordinary  five  foot,  flat  flame  gas-burner  needs  two- 
thirds  the  supply  of  fresh  air  per  hour  as  requii-ed  by  an  adult :  the  incan- 
descent gas-lights  on  Auer's  principle  appear  to  need  slightly  less  or  about 
half  the  amount  proposed  for  grown-up  individuals,  while  ordinary  parathn 
lamps  need  quite  as  much  fresh  air  as  do  adults.    If  gas  is  burnt  m  a  room 
only  in  smaU  quantities,  or  if  only  a  few  candles  or  a  smaU  oil  lamp  are 
used  it  is  seldom  necessary  to  take  them  into  account  m  estimating  the 
amount  of  fresh  air  required;  but  where  many  gas-burners  are  used,  or 
many  candles  and  lamps  are  ahght,  the  degree  of  air  vitiation  resulting  from 
them  needs  to  be  considered  in  estimating  the  amount  of  fresh  air  to  be 
supplied  to  inhabited  rooms,  in  order  to  keep  the  contained  atmosphere  m 
a  sufficient  state  of  purity  consistent  with  comfort  and  health.  Hitherto, 
this  point  has  been  much  neglected.    The  general  use  of  incandescent 
electric  lamps  entails  no  extra  provision  of  fresh  air,  as  they  do  not  con- 
tribute  anv  impurity  to  the  atmosphere.  . 

Fresh  Air  required  for  Animals.— This  is  a  matter  which  hasnot  received 
much  attention,  though  very  important.    Marcker  gives  the  f oUowmg  :- 

For  large  cattle  (viz.,  oxen,  &c.)  30  to  40  cubic  metres  per  hour  for 
every  1000  ft.  weight,  or  1  to  l\  cubic  foot  for  every  pound  of  weight. 

lor  small  cattle  (viz.,  sheep,  &c.)  40  to  50  cubic  metres        l^^^^  «^ 
every  1000  lb  weight,  or  IJ  to  If  cubic  foot  for  every  pound  of  ^veight 
tile  higher  quantity  being  given  on  account  of  the  more  rapid  t-sue^^^^^^^ 
in  the'smaller  animals.    These  quantities  seem  absurdly  small  ^i^d  the  ch  ef 
reason  for  so  limiting  them  seems  to  have  been  the         °f        Jed  wdl 
temperature  too  far.    This  is  an  erroneous  view  :  animals  propeidy  fe^^  will 
thrive  better  in  a  well-ventilated  place  at  a  low  temperature  than  m  a 
warmer  place  ill-ventilated.    There  seems  no  reason  ^^'^^y.^^^^^^ 
should  not  apply  to  animals  as  to  man,  in  which  case  some  hmg  like  20  to 
25  cubic  feet  per  hour  per  pound  of  body-weight  ought  to  be  supplied.  A 
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horse  or  a  cow  ought,  therefore,  to  have  from  10,000  to  20,000  cubic  feet 
per  hour, — in  short,  it  ought  to  be  practically  in  the  open  air. 

From  F.  Smith's  experiments,  and  using  de  Chaumont's  formula,  -  =  d, 

p 

where  e  (in  a  horse)  equals  1-13,  it  is  shown  that  the  amount  supplied  ought 
to  be  5650  cubic  feet  per  hour,  if  the  limit  of  respiratory  imj^urity  be 
assumed  at  0"2  per  1000.  From  the  experiments  given  in  Smith's  work 
the  amount  of  air  supplied  ranged  from  38,000  cubic  feet  per  hour  to  2900  ; 
in  the  latter  case  the  smell  is  described  as  abominable.  It  is  clear,  therefore, 
that  the  amount  of  air  ought  to  be  as  large  as  possible,  and  fortunately  in 
the  case  of  animals  this  can  be  accomplished  without  any  great  difficulty  ; 
as  F.  Smith  considers  that  Avith  proper  feeding  and  attention  the  air  about  a 
horse  may  be  changed  every  three  minutes,  or  twenty  times  an  hour,  without 
danger,  although  the  coat  may  not  turn  out  so  glossy  as  in  a  warmer  stable. 

Carl  Dammann  estimates  that  a  horse  or  a  cow  weighing  1000  lb 
should  have  50  cubic  metres  of  air  or  about  1800  cubic  feet  per  hour  for 

ventilation.    He  uses  the  formula,  y  =  — in  which  y  is  the  amount  of 

p-q 

air  m  cubic  metres  per  hour  j  k  is  the  amount  of  COg  exhaled  by  the  animal 
per  hour  ;  p  is  the  limit  of  impurity  of  CO2  in  the  stable  air  ;  and  q  is  the 
quantity  of  COg  in  the  outer  or  incoming  air. 

For  small  animals  he  estimates  that  the  supply  should  be  60  cubic  metres 
or  2100  cubic  feet  of  air  per  hoiir  for  each  1000  lb  of  animal  weight.  The 
-maUer  animals  appear  to  require  more  air  in  proportion  to  their  weight  than 
do  the  larger  ones,  while  the  so-called  wild  animals  need  more  than  the 
domesticated.  Monkeys,  in  particidar,  require  a  comparatively  liberal 
illowance  of  fresh  air  to  keep  them  in  good  health. 

Fresh  Air  required  for  Eemoval  of  Moisture.— In  all  the  foregoing 
considerations  the  cliief  need  of  fresh  air  has  been  emphasised  in  si^ecial 
reference  to  the  removal  or  dilution  of  organic  and  inorganic  impurities  in 
•  he  air.    It  plays,  however,  a  very  important  part  in  the  removal  of  excessive 
moisture.    Watery  vapour,  it  must  be  remembered,  is  given  oflp  into  the 
air,  not  only  in  respiration,  but  also  largely  by  artificial  lights,  and  not  a 
little  of  the  discomfort  attending  vitiated  atmospheres  is  due  to  the  large 
amoimt  of  their  contained  moisture.    Both  de  Chaumont  and  BiUings  have 
laid  special  stress  upon  the  importance  of  humidity  in  connection  with 
ventilation.    The  former  says  that  an  increase  of  one  per  cent,  of  humidity 
has  as  much  influence  on  the  condition  of  an  air  space,  when  judged  of  by 
t  the  sense  of  smell,  as  a  rise  of  4-18  degrees  of  temperature  in  Fahrenheit's 
^  scale,  equal  to  2°-32  C,  or  r-86  R.    Our  every-day  experience  confirms 
-  this.  _  From  the  state  of  the  air  as  regards  humidity,  information  may 
s  sometimes  be  obtained  which  is  just  as  valuable  as  the  determination  of  so 
t  much  carbon  dioxide.    Thus,  a  room  at  the  temperature  of  60°  F.,  and  with 
a  a  humidity  of  88  per  cent.,  contains  5-1  grains  of  aqueous  vapour  per  cubic 
I  loot :  suppose  the  outer  air  to  be  at  50°  F.  with  the  same  percentage  of 
numidity;  this  would  give  3-6  grains  of  aqueous  vapour  in  each  cubic  foot 
01  outer  air.    Now  from  73  to  75  per  cent,  of  humidity  being  the  generally 
accepted  standard  of  moisture  usually  present  in  the  atmosphere  of  this 
country,  consistent  with  comfort,  in  order  to  reduce  the  humidity  of  the 
room  trom  88  per  cent,  or  discomfort  to,  say,  73  per  cent,  or  comfort,  or  in 
omer  words,  to  a  condition  in  which  only  4-2  grains  of  moisture  were 
present  per  cubic  foot,  we  must  add  the  following  amount  of  fresh  external 
ajj. .  5'1  -  4-2_. 

'  4^2^^^3^~     '     ^^^^        ^  ^^1^       volume  of  air  in  the  room.  If 
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the  occupants  of  the  room  have  each  1000  cubic  feet,  it  follows  that  either 
their  supply  of  fresh  an-  is  short  by  1500  cubic  feet  per  head  per  hour,  or 
else  t£at  there  are  sources  of  excessive  humidity  withm  the  room  which 
tlnd  immediate  removal.  Eegarded  in  this  manner,  a  sufficient  supply 
ofTesh  dr  is  just  as  important  for  lowering  the  atmospheric  huimdi  y  in 
an  encLed  spLe  as  it  is  for  diluting  or  removing  either  carbon  dioxide  or 
™ic  effluvia.    While  73  per  cent.,  at  a  temperature  of  from  GO 

fi  r  Wo  70°  r  (21° -1  C),  may  be  taken  provisionally  as  a  standard  of 
uLdity^for'cHmate\  like  o^  ow'n,  in  drier  climates,  Hke  A^--,  the 
standard  or  mean  percentage  of  moisture  may  be  as  low  as  30  or  40  In 
Germany,  50  per  c^t.  is  looked  upon  as  an  average  humidity,  whilst  in 
England  this  would  indicate  an  uncomfortably  dry  atmosphere. 

ATFTHODS  BY  WHICH  THE  NECESSARY  QUANTITY  OF 
'     METHUl^b  J^^^^gg  3335  SUPPLIED. 

This  subiect  is  largely  an  engineering  problem,  and  involves  the  con- 
sideluorof  certain  preliminary  matters,  especially  facts  relating  to  cubic 
<^nace  and  the  various  forces  concerned  in  ventilation.  _ 
space  ana  me  v  important  factor  in  ventilation  m  some  cases, 

whifet  others  it  is  of  but  secondary  value.  Sufficient  has  been  said  m 
The  ^receding  pages  to  show  that  the  hurtful  matters  m  the  air  of  an 
otip  eTrool  Le  constantly  and  equably  produced 

'4  TSr2  o'f^cS^eri'oOO  ^Stl^^,  ? n 

space.    Adopting,  ^        ^^^^  ™^     ^  be  determined  is  the  quantity  of 

f  ^OOOcuHcTee  On  this  basis  the  following  table  has  been 
standard  of  3000  cubic  teev.  ^n  f^,,i;„„  of  the  air  in  terms  of  carbon 
constructed,  showmg  the  degree  of  ^^^^^S  under  difFer- 

dioxide  by  respiration,  and       amount  of  ^-f  ^^^^^^^^^^^^^      o-2  CO, 


air  : — 

Amount  of  Cubic  Space 
(= Breathing  Space) 
for  one  Person  in 
Cubic  Feet. 

Ratio  per  1000  of  CO2 
from  Respiration  at 
the  end  of  one  Hour,  if 
there  has  been  no  Change 
of  Air. 

Amount  of  Air  Necessary 
to  Dilute  to  Standard  of 
0-2  during  tlie  First  Hour. 

Amount  Necessary  to 
Dilute  to  the  Given 
Standard  every  Hour 
after  the  First. 

100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 

- 

6-00 
3-00 
2-00 
l-.f^O 
1-20 
1-00 
0-86 
0-75 
0'67 
0-60 

2900 
2800 
2700 
2600 
2500 
2400 
2300 
2200 
2100 
2000 

3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 

CUBIC  SPACE. 
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The  above  table  refers  to  rooms  occuj^ied  for  several  hours  consecutively, 
such  as  sitting-rooms,  bed-rooms,  hospital  wards,  &c.,  and  in  each  case  no 
matter  what  the  breathing  space  per  head  may  he,  we  find  3000  cubic  feet 
of  fresh  air  to  be  necessary  each  hour  after  the  first  to  dilute  to  the  given 
standard.  When  we  come  to  inquire  whether  there  is  no  minimum  size  of 
space  through  which  the  fresh  air  has  to  pass,  we  find  that  this  will  entirely 
depend  on  the  rate  at  wliich  air  can  be  taken  through  the  space  without 
the  movement  being  perceptible  or  injurious,  and  the  size  of  the  space  is  of 
consequence  chiefly  in  so  far  as  it  affects  this  condition.  The  larger  the  air 
space,  the  less  is  the  necessity  for  the  frequent  renewal  of  air,  and  the  less 
the  chances  of  draught.  Thus  a  space  of  100  cubic  feet  must  have  its  air 
changed  thirty  times  in  an  hour,  if  3000  cubic  feet  of  air  are  to  be  given, 
while  the  space  of  1000  cubic  feet  need  only  have  it  changed  three  times  in 
an  hour  for  an  equal  ventilation. 

AVhen  the  most  perfect  mechanical  means  are  employed,  the  air  of  even 
a  small  air  space  can  be  changed  sufficiently  often  without  draught.  Thus 
in  Pettenkofer's  experimental  room  at  Munich,  the  air  space  is  424  cubic 
feet,  and  2640  cubic  feet  can  be  drawn  through  by  a  steam-engine  in  an 
hour  without  perceptible  movement ;  in  other  words,  the  change  is  six 
times  per  hour  nearly.  With  the  best  mechanical  contrivances,  and  with 
cUsregard  of  cost,  we  are  therefore  certain  that  a  cubic  space  of  600  feet 
would  be  sufficient,  and  there  is  every  probability  that  engineers  could 
ventilate  even  a  smaller  space  without  perceptible  movement. 

But  if  the  mechanical  contrivances  are  of  an  inferior  kind,  and  particu- 
larly if  natural  ventilation  is  used,  the  difficulties  of  ventilating  a  small 
space  are  considerable,  and  are  caused  not  so  much  by  the  rate  of  movement 
of  the  greater  part  of  the  air  in  the  room  as  by  the  rate  at  the  openings 
^vhere  the  fresh  air  comes  in  very  quickly,  and  causes  currents  in  the  room. 
Suppose,  for  example,  a  space  of  500  cubic  feet  occupied  by  one  person' 
who  has  to  be  supplied  with  3000  cubic  feet  in  an  hour ;  if  the  inlet 
opemng  be  12  square  inches,  the  rate  of  movement  through  it  would  be  10 
feet  per  second,  or  nearly  7  miles  per  hour ;  if  24  square  inches,  it  would 
be  5  feet,  or  about  3-4  miles  per  hour.  In  either  case,  in  such  a  small 
room,  the  air  could  not  be  properly  distributed  before  reaching  the  person 
aid  a  draught  would  be  felt.  If  instead  of  500  cubic  feet  of  space  1000 
"e  given,  the  problem  is  easier,  for  the  smaU  current  of  fresh  air  mixing 
\vith  the  larger  volume  of  air  in  the  room  is  more  easily  broken  up  and 
ilie  inmate  being  further  from  the  opening,  the  movement  is  less  felt  '  The 
question,  m  fact,  turns  in  great  measure  on  the  power  of  introducing  the  air 
M-ithout  draught.  o  ^ 

If  the  renewal  of  air  is  carried  on  by  what  is  termed  natural  ventilation 
under  the  ordinary  conditions  of  this  climate,  a  change  at  the  rate  of  six 
tmies  per  hour,  as  in  Pettenkofer's  room,  could  not  be  attempted  Even 
Jive  times  per  hour  would  be  too  much;  for,  in  barracks  Avith  600  cubic 
n  qf?no     I  '  ^""^  draughty  when  anything  approaching 

to  dUOO  cubic  feet  per  head  per  hour  are  passing  through  ;  that  is,  a  change 
of  five  times  per  hour  for  each  600  cubic  feet  of  air  space.  A  change  equal 
0  three  times  per  hour  is  generally  aU  that  can  be  borne  under  the  condi- 
Srnrv.TiT^'^  f^l  T''*'^'  ^^""^  practically  attainable  with 
S  n\  ™'  ''''''^      ^^^'^  1000  to  1200  cubic  feet 

^^i^™"™  allowance  for  the  initial  air  space. 
■,lwo!!o     ^°°f  warming  and  an  equable  movement,  which,  however,  are  not 
SnH 1^'*'  ^^'T  "'^Sht  be  larger  inlets,  and  therefore  more  easy 
ustribution  and  a  smaller  air  space  to  begin  with.    If  the  inlets  are  48 
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sauarc  inches,  the  rate  through  them  to  supply  a  space  of  500  cubic  ieet 
v^i^^h  SOOO  cubic  feet  per  hour  would  1^  only  2^        P-  se7d  ^  and  f 

^bonld  be  the  case  in  artificial  ventilation,  the  inlet  is  72  or  «U  squaic 
nciSi   size  the  rate  would  only  be  a  little  over  1^,  feet  per  second,  which 

thit  if  anvthing  arrests  the  mechanism  for  a  time,  the  ratio  ot  impurity 
from  resSt  on  increases  much  faster  in  a  small  than  in  a  large  space. 
nhlTarmtrof  the  moving  ^ir  influences  the  sei.^^^^^^  lie  p.-son 
exposed  to  it.  At  a  temperature  of  55  or  60  E.,  a  late  ot  if  leet  po 
second  (  =  1  mile  per  hour  nearly)  is  not  perceived;  a  rate  of  2  ^  2|  per 
second  1-4  and  I'T  mile  per  hour)  is  imperceptible  to  some  persons  ;  3  feet 
second  iy^^'''     '        {       ^^g^^i  N  ig  perceptible  to  most ;  a  rate  of  3| 

^if\e"imrb;™L.  Ihers  ,..y  be  a  much  ™P'f  --"^^ 

^;unt  of  cubic  space  thus  assigr^  ^^^^ons     f ar  m^ 
than  most  people  are  able  to  have    m  ^J^^,  iT^^f^^^^^  to  250 

class,  the  average  entire  space  ^P^^^^^^^  it 

cubic  feet  per  head  thai  1000     TW^^  ^^^^^^^^^^  ^^^^ 

^ay  be  f-red  be  fatal  to  tl      I  an  e  o^  su      .  ^^^^^^^ 
generally  carried  oi^t,M^^^^  J.^.^       encouraging  fact  that  m 

or  other  X^^^^^^y  the  amount  of  authorised  regulation  space 

(eoo'^itet)!:  ^elot  the  — ^^^^^  t^^:^ 

allowed;  in  the  -ction-houses  of  th  ^^^^VO^^^  ^^^^l  ^Jl  3OO  cubic 
450  cubic  feet  are  given.  The  ^  7^^^™^  ■  ^f  poor-houses,  and  from 
feet  for  every  ^-11^^^^^^^^^^^  t^r^ncras  far  as  1200  cubic 

850  cubic  feet  and  ^P^^'^^^X  poor-law  schools  360  cubic  feet  are  given 
feet  for  each  sick  person.    In  tlie  ^^^''J''  .  •    ^   ^  •   required  in  the 

per  head.    In  Dublin,  an  ^^^^^^^^^  for  a  child 

Registered  lodging-houses,  ^i'^^l^lll'^^^^^  in  a  large  public 

in  an  elementary  school  is  400  cubic  teet,  an  ^^^^^^^  ^^^^^^ 

school  800  cubic  eet,  as  miiuma,  Department  of  the 

not  allow  more  than  130  cubic  te^t.    1  g  ^  f^^j. 

Privy  Council  endeavour  to  se^^^^^^^^^  10  feet  of 

for  each  unit  of  average  attendance  in  t  .^^  ^^^^^^  ^^^^^^^^^ 

floor  area  with  a  ^^^^^  ^^^'^ '^f^^^^^^  Board,  300  cubic 
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and  1 50  cixbic  feet  for  each  person  younger.  Other  customary  amounts  of 
cubic  space  per  head  are  1000  feet  in  middle-class  houses,  500  in  good 
secondary  schools,  and  212  in  ordinary  one-roomed  houses. 

For  sick  persons  the  cubic  space  should  be  more  than  for  healthy  persons. 
"We  are  to  remember  that  there  are  other  impurities  besides  those  arising 
from  respu-ation  and  transpiration,  and  that  immediate  dilution  and  as 
speedy  removal  as  can  be  managed  are  essential. 

Very  much  the  same  considerations  apply  to  sick  as  to  healthy  men, 
except  that  the  allowance  of  air  ui  all  cases  of  acute  diseases  must  be 
greater;  and,  therefore,  especially  if  natural  ventilation  be  employed,  the 
cubic  space  has  to  be  enlarged  also,  to  insure  good  distribution  without 
draught,  for  surface  chQling  must  be  carefully  avoided. 

Admitting  that,  in  hospitals,  a  minimum  of  4000  cubic  feet  of  fresh  air 
per  patient  per  hour  shoidd  be  supplied,  if  the  change  of  air  is  to  be  three 
times  per  hour,  as  the  best  available  rate  of  movement,  the  cubic  space 
must  be  about  1300  cubic  foot.  A  consideration  of  another  kind  may  aid 
in  determining  the  question  as  regards  sick  men.  In  hospitals  a  certain 
amount  of  floor  sjjace  is  indispensably  necessary ;  first,  for  the  lateral  separa- 
tion of  patients ;  secondly,  for  convenience  of  attendance.  For  the  first 
object,  the  greater  floor  sjsace  the  better;  and  in  resjDect  of  the  second,  Sir 
H.  Acland  has  clearly  shown  that  the  minimum  floor  space  for  convenient 
nursing  should  be  72  square  feet  per  bed.  In  a  ward  of  12  feet  in  height, 
this  would  give  only  864  cubic  feet,  which  is  much  too  small. 

Considering,  however,  the  immense  benefit  to  patients  of  pure  air,  and 
the  practical  experience  of  hospital  physicians,  it  is  very  desirable  not  to 
fix  the  floor  and  cubic  space  of  hospital  wards  at  the  minimum  of  what 
may  suffice.  The  desire  of  most  hospital  physicians  and  surgeons  is  to 
obtain  for  their  patients,  if  they  can,  a  floor  space  of  100  to  120  square 
feet,  and  a  cubic  space  of  1500  to  2000  cubic  feet,  and  in  this  they  are 
right. 

It  must  be  distinctly  understood  that  a  minimum  of  floor  space  must 
be  insisted  upon  in  all  cases,  not  less  than      of  the  cubic  space. 

An  idea  prevails  among  many  people  that  cubic  sj^ace  may  take  the 
place  of  change  of  air,  so  that,  if  a  larger  cubic  space  be  given,  a  certain 
amount  of  change  of  air  may  be  dispensed  with,  or  less  fresh  air  be 
required.  This  is  quite  erroneous  :  even  the  largest  space  can  only  provide 
suificient  air  for  a  limited  time,  after  which  the  same  amount  of  fresh  air 
must  be  supplied  hourly,  whether  the  space  be  large  or  small.  Even  in  a 
space  of  10,000  cubic  feet  per  head,  the  limit  of  admissible  impurity  would 
be  reached  in  a  few  hours,  after  which  the  same  hourly  supply  of  3000  feet 
would  be  as  necessary  as  in  a  space  of  100  feet.  This  is  shown  by  the  table 
given  on  page  210,  and  may  be  also  mathematically  demonstrated  by  the 
following  formula  given  by  Donkin  : — 

x=p  -f  —  -  ^  2-718  -  V'  ill  which 
a  a 

X  is  the  condition  of  the  air  as  to  COg  per  foot  at  the  end  of  the  time  t ;  p 
is  the  CO2  per  cubic  foot  in  the  outer  or  fresh  air  introduced ;  P  the  CO^ 
expired  per  hour  per  man  ;  a  the  incoming  air  in  cubic  feet  per  hour  ;  2718 
is  the  exponential  function ;  and  c  is  the  cubical  capacity  of  the  air  space. 

It  will  be  at  once  seeti  by  the  above  formula  that  when  it  is  wished  to 
maintain  the  space  c  at  the  purity  of  the  outer  air,  and  that  x  and  p  gradually 
approximate  to  each  other,  the  numerical  value  of  the  last  term  in  the 
equation  diminishes  rapidly  as  t  increases  until  it  becomes  insensible ;  with 
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it  then  disappears  the  quantity  c  or  the  -vahie  of  the  cubical  capacity  of  the 
air  space.  It  follows  then  that  it  is  immaterial  what  the  size  of  the  air 
space  is,  for  the  same  amount  of  fresh  air  will  be  needed  to  keep  it  sweet, 
be  it  large  or  small. 

Exavwlc—Sumose,  in  a  room  containing  1000  cubic  feet  of  space,  a  man  giving  off 
0-6  cubic  foot  of  COg  remains  for  t  houis,  and  3000  cubic  feet  of  fresh  air  are  introduced 
hourly.     Applying  Donkin's  formula,   we  get,  a'-'=0''0004  +  ^^-gQQ(j2-718-ioo6. 

This  being  worked  out,  according  to  the  varying  values  of  t,  we  find  that  the  units  of 
carbon  dioxide  per  cubic  foot  of  air  are,  0-0004  at  first,  0-00059  after  one  hour,  0-0005995 
after  two  hours,  and  0-00059997  after  three  hours  ;  so  that  even  after  two  I'ours  the  air 
of  the  room  will  have  sensibly  reached  the  final  or  permissible  condition  of  0-0006  OUj 
per  cubic  foot.  If  the  room  contained  10,000  cubic  feet,  the  approximation  to  the  tinal 
state  would  be  less  rapid,  but  equally  certain  as  time  elapsed. 

The  question  really  resolves  itself  into,  what  is  the  ratio  of  a  to  c,  or  in 
other  words,  what  is  the  least  amount  of  c  through  which  a  can  be  passed 
without  causing  inconvenience  from  draughts^  Under  ordinary  circum- 
stances, and  without  artificial  methods  of  Avarming  the  incoming  air,  the 
answer  has  been  given  as  an  original  air  space  of  close  upon  1 000  cubic  feet. 
These  considerations  as  to  the  imperfect  value  of  cubic  space  alone  have 
suggested  the  rule  that,  in  computing  cubic  space  for  purposes  of  ventilation, 
the  heights  of  rooms  above  12  feet  should  be  largely  disregarded. 

The  cubic  space  required  for  animals  has  not  been  very  carefully  examined. 
Certain  animals,  notably  pigs,  sheep,  horses,  and  cattle  generally,  emit  large 
quantities  of  marsh  gas  from  the  intestines.  Our  chief  knowledge  as  to  the 
oxycren  consumed,  the  carbon  dioxide  and  marsh  gas  given  off  by  animals, 
is  derived  from  Keiset's  observations.  The  foUowing  is  an  abstract  of  his 
work   


Sheep, 

Calves, 

Pigs, 

Oxen, 

Horses, 


Weight  of 
Animal  in 
Kilos. 

Oxygen  con- 
sumed in 
Grammes  per 
Horn-. 

Oxygen  con- 
sumed per 
Kilo,  of  Body- 
Weight. 

Carbon 
Dioxide 
exhaled  in 
Grammes. 

Nitrogen 
exhaled  in 
Grammes. 

Slarsh  Gas 
exhaled  in 
Litres. 

67-7 
97-3 
105-6 
230-0 
250-0 

33-51 
45-87 
49-30 
110-50 
117-42 

0-495 
0-480 
0-477 
0-480 
0-470 

42-63 
54-54 
60-50 
128-80 
131-62 

0-246 
0-280 
0-025 
0-293 
0-295 

1-4 

1-3 

0-1 

3-07 

3-66 

An  average-sized  sheep  vitiates  112  litres  or  3-9  cubic  feet  of  air  per  Ijo^^  ; 
calves  vitiate  154  litres  or  5-4  cubic  feet ;  moderate-Bized  pigs  ^  ^s 
or,  say,  6  cubic  feet  of  fresh  air  hourly  ;  rabbits  about  10  htres  or  0  35  ci^ic 
foot  /fowls  1  litre  or  0-035  cubic  foot ;  a  dog  of  medium  size  23  5  lities  or 
0  83  cubic  foot;  a  cat  weighing  10  S)  spoils  17-8  htres  or  0-6  cubic  foot  of 

fresh  air  per  hour.  _  ,  ,  .„i„p<, 

On  the  basis  of  respiratory  impurity  alone,  we  ^^^^  f^^f  i^'i 

and  pigs  vitiate  the  air  rather  more  than  a  man  does  ;  '^^o^^ 
the  air  in  the  same  degree  as  8  men;  while  14  rabbits  or  140  chickens  are 
equal  to  a  man  in  this  respect.    As  a  matter  of  fact,  these  animals  con- 
Sate  the  air  more  than  the  above,  because  they  are  always  assc>cia  ed 
with  their  own  excreta.    If  we  followed  the  rule  for  m  n,  f^^^^SJ^  ^  ^1^^ 
third  the  quantity  of  air  suj^plied  per  hour,  this  would  give  f'^^^ 
and  cattle  Lm  3^000  to  700^  cubic  feet.    This,  however,  -  P-^^^^^^^^^^ 
necessary,  because  change  of  air  can  be  carried  on  more  f^^^^y  ^f^^^l 
human  habitations,  and  animals  cannot  close  ventilators  as  men  will  often 
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do.  A  floor  space  of  100  to  120  square  feet  would  jarobably  be  sufficient, 
iviving  a  space  of  1200  to  1800  cubic  feet,  according  to  the  height  of  the 
huildmg.  If  this  could  be  secured,  there  is  every  probability  that  tlie 
results  would  be  excellent.  We  might  put  the  estimate  rougldy  at  2  cubic 
feet  of  space  for  every  pound  avoirdupois  the  animal  weighs,  the  floor  space 
being  not  less  than  of  the  cubic  capacity.  Another  rule  might  be  to  give 
600  times  the  amoimt  of  air  vitiated,  which  is  practically  the  rule  employed 
in  the  case  of  adult  men :  an  adult  man  renders,  we  know,  5  cubic  feet  of 
air  absolutely  irrespirable  every  hour,  and  600  times  tliis  or  3000  cubic  feet 
per  hour  of  fresh  air  is  the  generally  recognised  amovmt  required  to  keep  the 
air  of  a  room  in  the  highest  degree  of  practicable  purity.  On  the  same 
principle,  if  we  multiply  the  cubic  feet  of  air  which  the  dilferent  animals 
render  irrespirable  by  600,  we  get  the  following  theoretical  quantities  of  air 
which  should  be  supplied  per  hour  to  animals  : — 


Cubic  JTeet 
per  Head  per  Hour. 

22 
222 
360 
474 
3120 
3510 
7920 
7920 


Cubic  Feet 
of  space. 

4 
44 
72 
95 
604 
702 
1584 
1584 


Fowls, 
Rabbits,  . 
Cats, 
Dogs, 
Calves, 
Pigs, 
Oxen, 
Horses, 

Formerly,  in  the  cavalry  stables  of  the  British  army  each  horse  had  1605 
cubic  feet  and  100  square  feet  of  floor  space.  At  present  the  superficial 
area  of  army  stables  has  been  fixed  as  follows  :— for  the  stall  alone,  60  feet ; 
for  the  stall  and  share  of  passage,  85  feet,  in  stables  with  two  rows  of 
stalls ;  in  stables  with  a  single  row  of  stalls  the  superficial  area  of  stall  and 
passage  is  99  feet.  F.  Smith  considers  that  the  stall  alone  should  be  70 
feet,  and  the  stall  and  share  of  passage,  100.  In  the  Army  Horse  Infir- 
maries the  superficial  area  is  to  be  120  square  feet,  or  179  with  share  of 
passage,  and  cubic  space  1900  feet;  sick  boxes  182,  and  the  cubic  space 
2000  feet  per  horse. 

In  the  stables  of  cattle  there  is  often  excessive  overcrowding,  and  it  is 
Avell  Icnown  that  there  is  a  vast  amount  of  disease  among  them,  which, 
however,  is  seldom  allowed  to  go  far,  as  they  are  sent  to  the  butcher; 
Ballard,  who  paid  great  attention  to  the  cattle  plague  in  Islington,  recom- 
mended that  at  least  1000  cubic  feet  should  be  allowed  per  animal. 

Source  and  Distribution  of  Air  Supplied. — In  order  that  the  object  of 
ventilation  shall  not  be  defeated,  it  is  necessary  that  the  air  entering  a  room 
shall  be  pure.  The  air  must  be  the  pure  external  air,  and  not  be  derived 
from  places  where  it  has  stagnated  and  taken  up  impurities ;  if  it  is  dra^vn 
along  passages  or  tubes,  and  through  louvres  or  basements,  these  should  be 
capable  of  inspection  and  cleansing.  AU  delivering  air-shafts  should,  if 
possible,  be  short  and  easily  cleaned.  This  is  an  important  rule,  and  should 
lead  to  the  rejection  of  all  plans  in  which  the  air-shafts  are  long  and  inacces- 
sible. Several  instances  have  occurred  of  air  being  distributed  by  costly 
appliances,  but  drawn  from  an  impure  source,  or  allowed  to  be  contaminated 
on  its  passage.  Instead  of  perforated  bricks,  there  should  be  sliding  panels, 
or  hinged  flaps,  so  that  the  tube  may  be  easily  reached.  In  towns  it  may 
be  necessary  to  filter  the  air,  which  is  often  loaded  with  the  products  of 
combustion  and  other  impurities. 

The  air  may  require  to  be  warmed  to  60°  or  65°  F.,  or  cooled  accord- 
ing to  the  season  or  locality.  The  warming  in  cold  and  temperate 
climates  is  a  matter  of  necessity,  as,  if  discomfort  is  caused  by  cold  draughts, 
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ventilation  openings  are  certain  to  be  closed.  When  tlie  external  tempera- 
ture is  low,  the  air  supplied  will  often  require  to  be  moistened  as  well  as 
warmed.  This  can  be  done  by  either  injecting  clean  steam  or  water  spray, 
or  simply  by  exposing  a  water  surface  to  the  air.  For  these  islands,  a 
humidity  of  75  per  cent,  is  the  most  general  requirement. 

The  distribution  in  the  rooms  should  be  perfect,  that  is,  there  should  be 
uniform  diffusion  of  the  fresh  air  through  the  rooms.  The  best  way  of 
ascertaining  this  is  to  compare  the  amount  of  air  utihsed,  as  calculated  from 
the  observed  carbon  dioxide,  with  the  actual  movement  of  air,  as  measured 
with  the  air-meter.  If  the  distribution  is  good,  the  two  quantities  ought  not 
to  differ  materially.  Much  difficulty  is  found  in  properly  managing  uniform 
diffusion,  and  it  requires  careful  arrangement  of  the  various  openings.  The 
distributing  plans  should,  if  possible,  prevent  the  chance  of  breathed_  air 
being  rebreathed,  especially  in  hospitals.  As  the  ascent  of  respired  air  is 
rapid,  on  account  not  only  of  its  temperature,  but  from  the  force  with 
which  it  is  propelled  upwards,  the  point  of  dischargee  for  patients  in  bed 

should  be  above.  -    i   -    ,  n 

By  some  it  has  been  argued  that  it  is  better  that  the  foul  air  should  pass 
off  below  the  level  of  the  person,  so  that  the  products  of  respiration  may  be 
immediately  drawn  down  below  the  mouth,  and  be  replaced  by  descending 
pure  air.    But  the  resistance  to  be  overcome  in  drawing  dpwn  the  hot  air 
of  respiration  is  so  great  that  there  is  a  considerable  waste  of  power,  and 
the  obstacle  to  the  discharge  is  sometimes  sufficient,  if  the  extracting  force 
be  at  all  lessened,  to  reverse  the  movement,  and  the  fresh  air  forces  its  way 
in  through  the  pipes  intended  for  discharge.    This  plan,  m  fact,  must  be 
considered  a  mistake.    In  the  case  of  vapours  or  gases  the  proper  place  of 
discharge  is  above;  but  heavy  powders,  arising  m  certain  arts  or  trades, 
which  from  their  weight  rapidly  fall,  are  best  drawn  out  from  below. 
Finally  in  determining  the  plan  of  ventilation  of  a  room,  the  whole  building 
must  be  treated  as  one  system,  and  the  plan  of  air  circulation  drawn  out  for 
the  whole.    It  is  useless  having  a  system  which  is  only  workable  m  a  room 
so  lon'^  as  all  the  doors  are  shut,  if  one  of  the  conditions  of  the  room  bemg 
used  is  that  the  doors  be  frequently  open.    This  is  particularly  necessary 
in  ordinary  dweUing-houses,  and  it  practicaUy  amounts  to  saymg  that  every 
outlet  for  air  should  be  supplied  with  an  adequate  aix  inlet,  so  that  there 
shaU  be  no  head  between  different  rooms. 

Forces  concerned  in  VentUation.— All  ventilation  methods  are  based 
either  upon  forces  continually  acting  in  nature,  which  produce  what  has 
been  called  natural  ventilation  ;  or  upon  forces  set  in  action  by  man,  which 
produce  the  so-called  artificial  ventilation.  This  division  is  convenient  but 
not  strictly  logical,  as  the  forces  which  act  in  natural  do  so  also  m  artihcial 
ventilation  to  a  certain  extent.  These  forces  are  practicaUy  three,  namely 
diffusion,  winds,  and  the  difference  in  weight  of  masses  of  air  of  unequal 

*^%7£on.— As  every  gas  diffuses  at  a  certain  rate,  viz.,  inversely  as  the 
square  root  of  its  density,  there  is  a  constant  escape  of  any  foreign  gas  into 
11  atmosphere  at  large.'  From  every  room  that  is  not  -^^:'^S^-'^f^f'^'l 
and  Eoscoe  have  shown  that  diffusion  occurs  through  brick  and  stone,  and 
ttis  probable  that  one  of  the  evils  of  a  newly  built  and  damp  house  is  that 
diffusion  caimot  occur  through  its  walls.  But  ordinary  Pf  tered  and 
papered  walls  reduce  diffusion  to  a  most  insignificant  amount  Through 
chSs  and  openings  produced  by  imperfect  carpentry  the  air  diffuses  fa  t 
a  d  Koscoe  found  l!hat  when  he  evolved  carbon  dmxide  m  a  room  the 
amount  had  decreased  one-half  from  that  cause  m  90  minutes. 
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The  amount  of  purification  produced  by  diffusion  under  ordinary  circum- 
stances is  shown  by  observation  to  be  insufficient ;  and  in  addition,  organic 
substances,  which  are  not  gaseous,  but  molecular,  are  not  affected  by  it. 
As  a  general  ventilating  power,  it  is  therefore  inadequate. 

WiJids. — ^The  action  of  wind  is  a  powerful  ventilating  agent  in  various 
^vays.  If  it  can  pass  freely  through  a  room,  with  open  doors  and  windows, 
the  effect  it  produces  is  immense.  For  example,  air  moving  only  at  the 
rate  of  2  miles  an  hour  (which  is  almost  imperceptible),  and  allowed  to 
jiass  freely  through  a  room  20  feet  broad,  will  change  the  air  of  the  room 
528  times  in  one  hour.  No  such  poAverfiil  action  as  this  can  be  obtained  in 
any  other  way. 

Wind  will  pass  through  walls  of  wood  (single-cased),  and  even  of 
|iorous  bricks  or  stone ;  and  perhaps  this  will  account  for  the  fact  that  such 
liouses,  though  cold,  are  healthy  habitations.  By  covering  a  brick  with 
wax,  or  enclosing  a  portion  of  a  brick  wall  in  an  air-tight  box,  Pettenkofer 
has  shown  that  the  force  of  the  breath  Avill  drive  air  through  the  brick,  and 
will  blow  out  a  candle  on  the  other  side  if  the  current  of  air  be  collected  in  a 
small  channel.  The  force  required  to  drive  the  air  through  is,  however,  really 
considerable,  as  the  air  in  the  brick  must  be  brought  into  a  state  of  tension. 

Marcker  has  given  the  following  as  the  amount  of  air  passing  in  one  hour 
through  a  square  metre  of  waU  space,  when  the  difference  of  temperature 
is  1°  C. : — Sandstone,  1-69;  limestone,  2'32 ;  brick,  2*83;  tufaceous  lime- 
stone, 3'64;  and  loamy  brick,  5*12  cubic  metres  of  air.  The  little  porosity 
of  sandstone  depends  on  the  amount  of  moisture  it  holds.  The  moisture,  in 
fact,  greatly  influences  the  transit.  Plaster,  however,  appears  to  arrest 
wind,  if  it  be  true,  as  stated,  that  in  the  interior  of  some  thick  walls,  after 
many  years,  lime  has  been  found  still  caustic ;  and  Marcker  also  notices  the 
obstructive  effects  of  mortar. 

There  are  two  objections  to  winds  as  ventilating  agents  by  perflation. 

(1)  The  air  may  be  stagnant.  In  this  country,  and,  indeed,  in  most 
coimtries,  even  comparative  quiescence  of  the  air  for  more  than  a  few  hours 
is  scarcely  known.  Air  is  called  "still"  when  it  is  really  moving  1  or  1|- 
mile  an  hour.  The  average  annual  movement  of  the  air  in  this  country  is 
from  6  to  12  miles  per  hour;  but  it  varies,  of  course,  greatly  from  day  to 
(lay,  and  in  different  places. 

(2)  A  much  more  serious  evil  is  the  uncertainty  of  the  movement,  and 
the  difficulty  of  regulation.  ^Hien  the  velocity  reaches  5  or  6  feet  per 
second,  unle^  tlie  air  be  warm,  no  one  wiU  bear  it.    The  wind  is  therefore 

j  excluded,  of,  if  allowed  to  enter  directly  through  small  openings,  is  badly 
I  distributed.  Passing  in  with  a  great  velocity,  it  forces  its  way  like  a  foreign 
body  through  the  air  in  the  room,  causing  draughts,  and  escaping,  it  may 
he,  by  some  opening  without  proper  mixing.  A  current  entering  in  this 
^vay  may  be  mea,sured  for  many  feet, 
j  But  the  wind  acts  in  another  way.  A  moving  body  of  air  sets  in 
motion  all  air  in  its  vicinity.  It  drives  air  before  it,  and,  at  the  same  time, 
l  auses  a  partial  vacuum  on  either  side  of  its  own  path,  towards  which  all 
the  air  in  the  vicinity  flows  at  angles  more  or  less  approaching  right 
■mgles.  In  this  way  a  small  current  moving  at  a  high  velocity  will  set 
in  motion  a  large  body  of  air. 

The  wind,  therefore,  blowing  over  the  tops  of  chimneys,  causes  a  current 
L  right  angles  to  itself  up  the  chimney,  and  the  unequal  draught  in  furnaces 
IS  owmg,  in  part,  to  the  variation  in  the  velocity  of  the  wind.  Advantage, 
therefore,  can  be  taken  of  this  aspirating  power  of  the  wind  to  cause  a 
movement  of  air  up  a  tube.    The  wind,  however,  may  impede  ventilation 
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■by  obstructing  the  exit  of  air  from  any  particular  opening,  or  by  blowing 
down  a  chimney  or  tube.  This  is,  in  fact,  one  reason  of  the  failure  of  so 
many  systems  of  ventilation ;  they  may  work  well  in  a  still  atmosphere,  but 
the  immense  resistance  of  the  wind  has  not  been  taken  into  account.  At  3 
miles  an  hour,  the  pressure  of  the  wind  is  f  of  an  ounce  on  each  square 
foot;  it  is  1  ounce  at  3^  miles;  2  ounces  at  5  miles;  4  ounces  at  7  miles; 
^  pound  at  10  miles ;  and  1  pound  at  14  miles. 

In  some  systems  of  ventilation  the  perflating  power  of  the  wind  has 
been  used  as  the  chief  motive  agent.  In  Egypt  wind  is  allowed  to  blow 
in  at  the  top  of  the  house  through  large  funnels.  This  plan  has  been  in 
use  from  time  immemorial.  This  was  the  case  in  Sylvester's  plan,  which 
was  used  at  Derby  and  Leicester  fifty  or  sixty  years  ago.  A  large  cowl, 
turning  towards  the  wind,  was  placed  in  a  convenient  spot  near  the  building 
to  be  ventilated— a  little  above  the  ground  if  in  the  country,  or  at  some 
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Fig.  11. 


height  if  in  a  town.  The  wind  blowing  down  the  cowl,  passed  through  an 
underground  channel  to  the  basement  of  the  house,  and  entered  a  chamber 
in  which  was  a  so-called  cockle-stove  or  caloriffere  of  metal  plates  or  water 
or  steam  pipes,  by  which  the  air  was  warmed.  It  then  ascended  through 
tubes  into  the  rooms  above,  and  passed  out  by  a  tube  or  tubes  m  the  roof, 
which  were  covered  by  cowls  turning  from  the  wmd.  So  that  the  aspira- 
tory  power  of  the  air  was  also  used.  This  plan  is  extremely  economica , 
but  the  movement  of  the  air  is  unequal,  and  it  is  difficu  t  to  regulate  it. 
It  has  been  proposed  to  place  a  fan  in  the  tunnel  to  move  the  air  in  periods 
of  calm,  and  the  plan  then  becomes  identical  in  principle,  and  almost 


m 


detail,  with  the  method  of  Van  Hecke. 


In  the  ventilation  of  ships  wind  is  constantly  used :  and  by  wind 
sails,  or  by  tubes  with  cowls  turning  towards  the  wind,  air  is  d^^^^^ 
the  decks  and  into  the  hold.    In  using  wmd  m  this  ^^ay,  the  difhculty 
is  to  distribute  the  air  so  that  it  shall  not  cause  draught.    This  is  best  done 
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V  bending  the  tubes  at  right  angles  two  or  three  times,  so  as  to  lessen 
i  locity,  or  by  enlarging  the  channel  towards  the  opening  in  the  interior  of 
he  vessel,  and  by  placing  valves  to  partially  close  the  tubes,  if  necessary, 
I  id  by  screens  of  wire  gauze.  If  perforated  plates  or  wire  gauze  are  used, 
lie  must  be  taken  to  see  that  they  are  constantly  kept  clean,  as  they  very 
lion  get  clogged  with  dii-t.  It  should  also  be  understood  that  the  delay  by 
friction  through  fine  wire  gauze  is  exceedingly  great. 

In  all  cases  in  which  the  air  of  a  room,  as  in  a  basement  story,  or  in 
he  hold  of  a  ship,  perhaps,  is  likely  to  be  colder  than  the  external  air,  and 
ivhen  artificial  means  of  ventilation  cannot  be  employed,  the  wind  should 
10  taken  advantage  of  as  a  motive  agent. 

The  aspiratory  power  of  the  wind  and  the  production  of  a  head  for 
ventilation,  by  the  motion  of  air  over  the  mouth  of  a  tube,  can  be  secured 
ly  covering  air-shafts  with  cowls,  which  both  aid  ujD-currents  and  prevent 
i own-draughts.  This  is  practically  the  idea  with  which  all  the  varieties  of 
ip-cast  ventilators  are  constructed,  however  varied  may  be  their  external 
ippearance.  Cowls  are  uncertain  in  their  action  when  affixed  to  buildings, 
)\ving  to  the  variability  of  the  wind-currents,  due  to  the  effects  of  the 
uirfaces  of  the  buildings  themselves.  Although  many  forms  of  cowl  have 
leen  designed  to  render  them  serviceable,  no  matter  from  which  direction 
he  wind  blows,  there  are  practically  only  two  types :  namely,  those  with 
otating  cowls  and  those  with  fixed  vanes.  Of  the  former  type.  Banner's 
■owl  (fig.  1 0)  may  be  regarded  as  a  specimen :  it  sets  itself  by  means  of  a 
,vind  vane  so  that  the  opening  always  faces  away  from  the  wind.  The 
atter  type  is  represented  by  Boyle's  ventilator :  in  it  the  vanes  are  fixed, 
IS  shown  in  fig.  11,  so  that  from  whatever  direction  the  wind  blows,  the 
notion  of  the  air  is  always  tangential  to  the  shaft  opening.  In  aU  forms 
if  cowl  the  air-current  is  both  variable  and  small,  and  very  liable  to  be 
iverweighted  by  the  head  from  some  other  opening,  so  that  what  was 
•rimarily  intended  to  be  an  up-cast  often  becomes  a  down-draught  shaft. 

Effects  of  Unequal  Weights  of  Air.— Though  constituting  one  of  the 
■auses  of  wind  itself,  it  is  necessary,  in  discussing  ventilation,  to  look  upon 
t  as  if  it  were  an  independent  force.    If  the  air  in  a  room  be  heated  by 
ire,  or  by  the  presence  of  men  and  animals,  or  be  made  moister,  it 
,'iideavours  to  expand:  and  if  there  be  any  means  for  it  to  escape,  a 
lortion  of  it  will  do  so,  and  that  which  remains  wiU  be  lighter  than  an 
•i|ual  bulk  of  the  colder  air  outside.    The  outer  air  will  then  rush  into 
he  room  by  every  orifice,  until  the  equality  of  weight  outside  and  inside 
s  re-estabhshed.     But  as  the  fresh  air  which  comes  in  is  in  its  turn 
H-ated,  the  movement  is  kept  up  in  a  constant  stream,  cold  air  entering 
one  set  of  openings,  and  hot  air  escaping  by  another. 
We  have  now  to  inquire  how  the  rate  of  this  constant  stream  of  air  may 
calculated.    The  mode  most  generally  used  is  based  on  two  well-known 
iws  :  first,  that  the  velocity  in  feet  per  second  of  falling  bodies  is  equal  to 
•arly  eight  times  the  square  root  of  the  height  through  which  they  have 
Hen ;  and  second,  that  fluids  pass .  through  an  orifice  in  a  partition  with 
I  velocity  equal  to  that  which  a  body  would  attain  in  falling  through  a 
"■ight  equal  to  the  diff'erence  in  depth  of  the  fluid  on  the  two  sides  of  the 

''^i'*^ition^  Tliis  is  frequently  called  the  rule  of  Montgolfier.    The  formula 

y=v'%H:  in  which  g  is  the  acceleration  of  velocity  in  each  second  of 
'lie,  viz.,  32-18  feet,  and  H  is  the  height  of  the  descent.    When  simplified 
"It,  this  formula  becomes  v  =  %Jll.     The  pressure  of  the  air  upon  any 
■irtace  may  be  represented  by  the  weight  of  a  column  of  air  of  uniform 
l<'usity  of  a  certain  height.    Thus  the  pressure  of  the  atmosphere  at  the 
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surface  of  the  earth  is  nearly  15  lb  on  the  square  inch,  and  this  would 
be  the  weight  of  a  column  of  air  of  about  5  miles  in  lieight.    Air,  there- 
fore, rushes  into  a  vacuum  with  a  velocity  equal  to  that  which  a  heavy 
body  would  acquire  in  falling  from  a  height  of  five  miles,  viz.,  1300  feet 
per  second.     But  if,  instead  of  rushing  into  a  vacuum,  it  rush  into  a 
chamber  in  which  the  air  has  less  pressure  than  outside,  its  velocity  will 
be  that  due  to  a  height  which  represents  the  difference  of  pressure  outside 
and  inside.    In  ordinary  cases  this  difference  of  pressure  cannot  be  obtained 
by  direct  observation,  but  must  be  inferred  from  the  difference  of  temperar 
ture  of  the  outer  and  inner  air.    We  have  already  learned  that  air  is  dilated 
one  part  in  491  of  its  volume  (0-00203)  for  every  degree  Fahrenheit,  or 
one  part  in  273  (0-00366)  for  every  degree  Centigrade  that  its  temperature 
is  raised ;  consequently,  the  difference  of  pressure  outside  and  inside  will  be 
as  follows : — 

The  height  from  the  aperture  at  which  air  enters  to  that  from  Avhich  it 
escapes,  multiplied  by  the  difference  of  temperature  between  outside  and 
inside  and  by  the  co-efficient  of  expansion, 

Mample.— Say  the  height  of  a  column  of  air  in  a  chimney,  between  its  throat  and 
aperture  of  exit,  he  20  feet,  and  that,  owing  to  a  fire  in  the  grate  below,  its  temperature 
be  15°  F.  above  that  of  the  outside  air.  Then  the  height  to  produce  velocity  of  au  in- 
flowing and  colder  current  will  be  20  x  15  x  0-00203  =  0-609  foot,  and  the  velocity  will 
be  8^0^  =  8x0-78  =  6-24  feet.  This,  however,  is  the  theoretical  velocity.  In 
practice,  an  allowance  must  he  made  for  friction  of  i,  h,  or  even  4,  according  to  circum- 
stances. The  deduction  of  i  would  leave  4-680  linear  feet  per  second  as  the  actual  . 
velocity.  If  this  be  multiplied  by  the  area  of  the  opening,  in  feet  or  decimals  of  a  foot, 
the  amount  of  air  is  expressed  in  cubic  feet  per  second,  and  multiplying  further  by  60 
gives  the  amount  per  minute.  If  in  this  particular  case  the  area  of  the  chimney  throat 
be  a  square  foot,  the  amount  of  air  escaping  by  the  chimney  under  the  above  circuni- 
stances,  and  of  course  replaced  by  a  similar  volume  of  fresh  and  colder  air,  will  be  281  : 
cubic  feet  per  minute. 

A  table  is  o-iven  on  page  262,  in  which  this  calculation  has  been  made 
for  all  probable  temperatures  and  heights;  but  it  must  be  remembered  that 
the  movement  is  greatly  influenced  by  wind. 

This  cause  of  movement  is,  of  course,  constantly  acting  when  the  tempera- 
ture of  the  air  changes.  It  will  alone  suffice  to  ventilate  all  rooms  m  ^^dnch 
the  air  is  hotter  than  the  external  air,  but  will  not  answer  when  the  air  to 
be  changed  is  equal  in  temperature  to,  or  colder  than,  the  external  air. 

As  its  action  is  equable,  imperceptible,  and  continuous,  it  is  the  most 
useful  agency  in  natural  ventilation  in  cold  climates,  in  inhabited  and  warm 
rooms  •  and  in  aU  habitations  arrangements  should  be  made  to  aUow  it  to 
act  As  the  action  increases  Avith  the  difference  of  temperature,  it  is  most 
powerful  in  winter,  when  rooms  are  artificiaUy  warmed,  and  is  least  so,  or 
is  quite  arrested  in  summer,  or  in  hot  climates,  when  the  internal  and 
external  temperatures  are  identical.  j  j 

Influence  of  Friction  upon  Air-currents.— The  amount  of  loss  produced 
bv  friction  from  various  causes  is  often  overlooked,  and  its  neglect  is  apt 
to  lead  to  failure  and  disappointment.    The  chief  causes  of  loss  are  the 

following^—  ^^^^^  Shaft.— lleve  with  equal  sectional  areas  the  loss 
is  dii'ectly  "as  the  length,  so  that  if  we  take  a  shaft  of  30  feet  as  a  standard, 
a  shaft  of  40  feet  long  would  have  an  increased  friction  of  one-third. 

Tsize  of  Opening.-Vo.  similar  sections  the  friction  is  inversely  as  the 
diameter.    Thus^for  two  openings,  respectively  1  and  2  feet  m  diamet  , 
the  friction  at  the  smaller  opening  will  be  twice  that  of  the  larger.    In  th 
way  d  viding  up  an  opening  into  a  number  of  smaller  openings,  the  aggregate 
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,f  whicli  is  equal  to  the  original  opening,  produces  a  loss  by  friction  in  the 
j  lirect  ratio  of  the  diameters.  An  opening  of  1  square  foot  divided  into  four 
j  ipenuigs  of  :i  of  a  square  foot  loses  in  the  ratio  of  1  :  |,  being  respectively 
he  diameters  of  the  openings,  ^¥hell  the  shapes  of  the  openings  are  not 
;imilar,  the  loss  by  friction  may  be  stated  as  inversely  that  of  the  square  roots 
)f  the  areas.  Thus  if  1  square  foot  be  divided  into  nine  openings,  each  equal 
,1  i  of  a  square  foot,  the  loss  will  be  in  the  ratio  of  ^,  1,  viz.,  inversely  as 
he  square  roots  of  the  respective  areas. 

3.  Shape  of  Opening. — A  circular  opening  maybe  taken  as  the  standard, 
hat  being  the  figure  which  includes  the  greatest  area  within  the  smallest 
:)eriphery.  The  loss  sustained  from  any  other  shape  being  used  will  be 
;  iroportionate  to  its  difference  from  a  circle  enclosing  a  similar  area.  Thus, 
if  we  have  two  openings,  each  of  1  square  foot  area,  the  one  being  a  circle 
uid  tlie  other  a  square,  the  length  of  periphery  of  the  latter  will  be  4  square 
foet,  of  the  former  3J ;  therefore  the  velocity  of  the  cm-rent  through  the 

31  7 

^fiuare  opening  will  be      or  -  of  that  through  the  circular  opening. 

4  8 

4.  Angles  in  the  Tube  or  Shaft. — This  is  a  most  serious  cause  of  loss. 

llie  exact  formula  has  not  been  distinctly  determined,  but  it  may  be 
I'cepted,  as  in  accordance  with  experiment,  that  every  right  angle 
liuiinishes  the  current  by  one-half,  so  that  two  right  angles  in  a  tube  would 

reduce  it  to  ^,  and  so  on.    Yet  it  is  no  uncommon  thing  to  find  tubes  and 

shafts  bent  recklessly  at  numerous  angles  to  fit  a  cornice  or  architrave,  to 

save  expense  and  appearance. 

In  smooth  channels  the  co- efficient  of   friction   is  represented  by 

— 6  being  the  angle  at  any  bend  of  the  shaft  or  tube.    For  more 
1  +  sin^p 

general  application,  ^         ^  is  probably  better  :  in  either  case,  an  angle  of 

00°  shows  a  loss  from  friction  of  one-half.  At  60°  the  friction  is  y,  at  45° 
it  is  f,  and  at  30°  it  is  -|. 

5.  The  presence  of  dust,  soot,  or  dirt  of  any  kind  seriously  interferes  with 
I  the  current,  but  this  may  of  coiu'se  be  obviated  with  a  moderate  amount  of 

l  are  and  attention. 

It  is  obvious  that  attention  to  the  above  points  is  necessary  to  obtain 
success  in  any  scheme  of  ventilation. 

Example. — Let  us  suppose  a  straight  shaft  30  feet  long,  sectional  area  circular,  of  1 
■square  foot, — the  current  through  this  giving  a  sufficient  amount  of  air  for  tlie  purpose 
required.    Let  it  be  necessary  to  produce  a  similar  amount  of  ventilation  in  another 
'lace,  but  to  use  smaller  shafts,  square  in  section,  area  of  each  ^  of  a  square  foot, — each 
laft  being  40  feet  long,  and  having  one  right  angle  in  its  course  ;  what  would  be  the 
I'lative  amounts  of  air  available,  other  things  being  equal  ?    Taking  the  circular  shaft, 
\'.e  have  length  of  shaft  30,  length  of  periphery  SJ,  total  105  =  friction.    In  the  four 
smaller  shafts  we  have  length  40,  length  of  periphery  of  each  2,  which  multiplied  by 
I  4  =  8,  total  320  :  the  right  angle  doubles  the  friction,  so  that  320  x  2  =  640  as  compared 
to  105.    Thus  the  result  would  be  nearly  as  6  to  1  in  favour  of  the  single  shaft. 

It  is  advisable  generally  to  widen  slightly  the  openings  of  shafts,  especially 
if  they  are  of  small  diameter,  as  the  current  tends  to  be  contracted  and 
obstructed  at  that  point.  At  every  change  of  direction  the  same  thing 
takes  place.  Hence  the  desirability  of  rounding  off  angles  as  much  as 
I'ossible,  where  they  cannot  be  altogether  avoided. 

It  is  generally  best  to  have  the  sections  of  shafts  circular  or  elliptical 
instead  of  rectangular,  for  not  only  is  there  less  loss  by  friction  originally, 
but  there  is  less  chance  of  lodgment  of  dust,  &c.,  and  they  can  be  more 
fiasily  and  thoroughly  cleaned. 
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It  must  not  be  overlooked  that  the  specific  gravity  of  vitiated  air,  as 
comijared  witli  pure  air,  is  often  as  important  as  friction  in  hindering  venti- 
lation action.  Usually  the  specific  gravity  of  foul  air  is  greater  than  that 
of  fresh  air ;  for  instance,  taking  pure  air  as  unity,  the  gravity  of  air  con- 
taimng  O'S  part  of  carbon  dioxide  per  1000  would  be  1-0016,  while  that  of 
air  fouled  by  organic  vapours  would  be  greater  still.  This  explains  why 
contaminated  air  tends  to  cling  or  hang  about  particular  parts  of  rooms,  or, 
if  there  are  no  air  currents,  smells  are  so  often  apt  to  flow  down  towards 
basements  of  houses  from  the  upper  stories.  It  is  obvious  that  in  such 
cases  calculations  based  upon  the  movements  of  absolutely  pure  air  may  be 
considerably  in  error. 

Natural  Ventilation.- — Of  all  the  methods  of  natural  ventilation,  the 
simplest  and  most  obvious  is  that  of  more  or  less  open  doors  and  windows ; 
but  this  arrangement,  except  in  the  warmest  summer  weather,  causes 
draughts,  and  is  unpleasant.  To  secure  adequate  perflation,  aU  windows 
should,  if  possible,  be  placed  on  opposite  sides  of  a  room,  while,  too,  each  of 
such  windows  should  be  made  to  open  at  the  top.  Owing  to  air  flowing 
against  the  body,  at  or  even  slightly  above  the  temperature  of  a  room, 
causing  a  sensation  of  cold  or  draught,  it  is  necessary  for  comfort  that  air 
should  be  introduced  into  and  removed  from  inhabited  rooms  at  those  parts 
where  it  will  not  give  rise  to  sensible  draughts.  In  the  large  majority  of 
houses,  even  in  these  days,  ventilation  arrangements  are  either  of  the  most 
crude  and  haphazard  kind,  or  else  absolutely  wanting.  The  greater  number 
of  living-rooms  depend  for  their  supply  of  fresh  air  upon  just  so  much  as 
can  fincf  its  way  in  through  doors,  windows,  or  through  cracks  and  crevices 
around  and  under  doors  and  windows,  or  even  through  the  floor ;  and  for 
the  escape  of  foul  air,  upon  what  goes  up  the  chimney,  if  a  fire  be  alight,  or 
what  can  get  out  through  doors  and  windows ;  the  general  result  being  that 
either  the  chamber  is  so  cold  and  draughty  that  no  one  can  live  comfortably 
in  it,  or  so  hot,  close,  and  stuffy  that  health  is  affected.  All  ventilation 
methods  aim  at  avoiding  these  results,  by  providing,  in  the  first  place,  inlets 
or  means  of  entrance  for  the  fresh  air,  and  outlets  or  means  of  escape  for 

the  impure  air.  .  ^    ,  ■,  r    t  i  * 

Total  size  of  aU  the  special  openings,  whether  mtended  for  Inlets  or 
Outlets.— As  the  movement  of  air  increases  with  temperature,  the.  precise 
size  of  "the  ventilating  apertures  can  only  be  fixed  for  a  certain  given 
temperature ;  and  as  the  efliux  of  hot  air  increases  with  the  height  of  the 
column,  supposing  the  temperature  is  equal  throughout,  a  different  size  has 
also  to  be  fixed  for  different  heights.  This  causes  a  difficulty  in  fixmg  the 
proper  size  for  ventilating  openings  in  the  case  of  natural  ventilation, 
because  the  conditions  are  so  variable. 

The  theoretical  size  for  any  required  change  of  air,  supposing  the 
conditions  are  constant,  can  be  obtained  by  the  use  of  the  following  formula, 
suggested  by  de  Chaumont : — 

=  I  or  0. 


200/(v'/i(^-^i)x0-002) 

Wliere  D  =  delivery  per  hour  in  cubic  feet ;  200  is  a  constant;  /  is  the  co- 
efiicientof  friction;  li  is  the  height  of  the  heated  column  of  air;  ^  its 
temperature;  that  of  the  outer  air;  0-002  the  ratio  of  expansion  of  air 
for  each  dec^ree  F.  ;  I  indicates  inlet,  0  indicates  outlet,  both  in  square 
inches  -  while  I  and  0  combined  are  often  written  as  A  converse 
formula  to  the  foregoing  is  useful  to  find  the  deUvery  per  hour,  under 
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niditions  7t,  t,  and     and  when  the  area  of  the  inlet  or  outlet  is  known  : 

;  reads  thus,  

200/{  Jh{t  - 1^)  X  0-002)0  =  D. 

The  different  expressions  for  time  and  space  require  a  factor  200  or  100, 

Seconds  in  an  hour  3600 
uhich  is  thus  obtained:  Q^^i^i,^ft^^^^^^-efoot-JU-^^^  ^^"'^ 
multiplied  into  ^2g  or  8,  where  g  =  32-18,  gives  a  constant  200  for  inlets 
:>v  outlets  only,  and  consequently  100  for  inlets  and  outlets  combined. 

Example. — Suppose  that  the  heated  column  be  20  feet,  its  mean  temperature  65°  F., 
indthat  of  the  outer  air  45°  F.,  and  the  required  delivery  be  3000  cubic  feet  hourly. 
Let  friction  be  | :  required  the  size  of  inlet.    Applying  the  formula,  we  get, 

=22*2  square  inches  for  inlet. 


200  X  0-75(V20  X  20  X  0-002) 

ind  consequently  also  an  outlet  of  equal  size. 

To  take  another  example :  let  us  say  the  heated  column  is  15  feet,  the  difference  of 
temperature  10°  F.,  and  the  required  supply  3000  cubic  feet,  with  friction  What 
should  be  the  size  of  inlet  and  outlet  ?  Worked  out  in  the  same  way,  we  find  that 
there  must  be  36 '5  square  inches  of  inlet  and  the  same  of  outlet. 

But  if  in  the  above  conditions  only  2000  cubic  feet  hourly  were  wanted,  the  Opening 
need  only  be  24-3  square  inches  for  each. 

These  examples  show  how  impossible  it  is  to  fix  any  size  which  shall 
meet  all  conditions,  even  if  the  influence  of  wind  could  be  completely  ex- 
t  luded,  Avhich  is  impossible.  The  only  way  is  to  adopt  a  size  Avhich  wiU 
meet  most  cases,  and  supply  means  of  altering  the  size  according  to  circum- 
stances. In  this  country,  a  size  of  24  square  inches  per  head  for  inlet,  and 
tlie  same  for  outlet,  seems  calcidated  to  meet  common  conditions;  but 
tirrangements  should  be  made  for  enabling  tliis  to  be  lessened  or  closed  in 
Aery  cold  weather,  or  if  the  influence  of  strong  winds  is  too  much  felt. 
r^Ioreover,  the  size  must  be  in  part  dependent  on  the  size  of  the  room, 
1  lecause  in  a  small  room  with  many  people  it  is  impossible  to  have  the  size 
so  great  as  it  would  be  if  each  person's  area  of  ventilation  opening  were  48 
sijuare  inches,  unless  some  portion  of  the  air  were  warmed. 

Relative  size  of  the  Inlets  and  Outlets. — It  is  commonly  stated  that,  as 
the  heated  air  expands,  the  outlets  should  be  larger  than  the  inlets,  and  the 
;4reat  disproportions  of  5  to  4  and  10  to  9  have  been  given.  As,  however, 
the  average  diff'erence  of  temperature  is  only  about  10°  to  15°  F.  in  this 
I  ountry,  this  disproportion  is  much  too  great,  as  a  cubic  foot  of  air  only 
I'xpauds  to  1-020366  cubic  foot  with  an  increase  of  10°.  Even  if  the 
ilifference  is  30°  F.,  a  cubic  foot  of  air  only  becomes  1-061  cubic  foot,  which 
IS  equal  to  an  increase  of  about  jVth.  The  difference  is  so  slight  that  it 
may  be  neglected,  and  the  inlets  and  outlets  can  be  made  of  the  same  size. 

It  is  desirable  to  make  each  individual  inlet  opening  not  larger  than  48 
to  60  square  inches  in  area,  or  enough  for  two  or  three  persons ;  and  to 
make  the  outlet  not  more  than  one  square  foot,  or  enough  for  six  persons. 
J 'istrilDution  is  more  certain  with  these  small  openings. 

Position  and  Varieties  of  Inlets. — As  a  rule,  the  inlet  tubes  should  be 
f^hort,  and  so  made  as  to  be  easily  cleaned,  otherwise  dirt  lodges,  and  the 
air  becomes  impure.  Inlets  should  not  be  large  and  single,  but  rather 
numerous  and  small  (from  48  to  60  inches  superficial),  so  that  the  air  may 
lie  properly  distributed.  They  should  be  conical  or  trumpet-shaped  where 
they  enter  the  room,  as  the  entering  air,  after  perhaps  a  slight  contraction 
spreads  out  fan-like,  and  a  slight  back  current  from  the  room  down  the 
f^ides  of  the  funnel  facilitates  the  mixing  of  the  entering  air  with  that  of 
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the  room.  To  lessen  the  risk  of  immediate  down-draught  they  should  turn 
upwards,  if  they  are  placed  above  the  heads  of  the  persons.  Externally 
the  inlets  should  be  partly  protected  from  the  wind ;  otherwise  the  wind 
blows  through  them  too  rapidly,  and,  if  the  current  be  strong,  drauglits  are 
felt ;  an  overhanging  shelf  or  hood  outside  will  answer  pretty  well.  Valves 
must  be  provided  to  partially  close  the  openings  if  the  wind  blow  in  too 
strongly,  or  if  the  change  of  air  is  too  rapid  in  cold  weather.  If  covered 
with  ^vire  gauze,  this  must  be  frequently  cleaned. 

Sometimes  an  inlet  tube  must  be  carried  some  distance  to  an  inner  room, 
or  to  the  opposite  side  of  a  large  room  which  is  unprovided  with  cross- 
ventilation.  In  this  case  the  heat  of  the  room  so  warms  the  tube  that  the 
wind  may  be  permitted  to  blow  through  it. 

The  position  of  the  inlets  is  a  matter  of  some  difficulty.  If  there  are 
several,  they  should  be,  of  course,  equally  distributed  through  the  room,  so 
as  to  insure  proper  mixing  of  the  air.  They  should  not,  however,  be  placed 
too  near  an  outlet,  or  the  fresh  air  may  at  once  escape :  theoretically,  their 
proper  place  of  entrance  is  at  the  bottom  of  the  room,  but  if  so,  the  air 
must  in  this  climate  be  warmed ;  no  person  can  bear  the  cold  air  flowing  to 
and  chilling  the  feet.    The  air  can  be  warmed  easily  in  various  ways,  viz.  : — 

(a)  The  air  may  pass  through  boxes  containing  coils  of  hot-water  pipes, 
or  (in  factories)  of  steam  pipes.  This  is  one  of  the  best  modes  of  warming. 
The  coils  may  be  close  to  the  outside  wall,  or  in  the  centre,  or,  in  hospitals, 
in  boxes  under  the  beds  communicating  with  the  exterior  air,  and  opening 
into  the  ward. 

(&)  The  air  may  pass  into  air-chambers  behind  or  round  grates  and  stoves, 
and  be  there  warmed,  as  in  the  stove  contrived  by  Sir  D.  Galton,  or  as  in 
the  Meissner  and  Bohm  stoves  of  Germany.    Similarly,  the  air  may  be 
warmed  in  a  tube  passing  through  a  stove,  as  in  George's  Calorigen,  or  by  • 
the  method  of  Bond's  Euthermic  stove. 

If  the  air  cannot  be  warmed,  it  must  not  be  admitted  at  the  bottom  of 
the  room;  it  must  be  let  in  above,  about  9  or  10  feet  from  the  floor,  and 
be  directed  towards  the  ceiling,  so  that  it  may  pass  up  and  then  faU  and 
mix  gradually  with  the  air  of  the  room.  The  Barrack  Commissioners  have 
adopted  this  plan  with  half  the  fresh  air  brought  into  a  barrack-room.  The 
other  half  is  warmed. 

In  towns  or  manufacturing  districts  the  air  is  so  loaded  with  particles  of 
coal,  or,  it  may  be,  other  powders,  that  it  must  be  filtered.  Nothing 
answers  better  for  this  than  muslin  or  thin  porous  flannel,  or  paperhangers' 
canvas,  spread  over  the  opening,  which  then  should  be  made  larger.  This 
covering  can  be  moistened  if  the  incoming  air  be  too  dry. 

The  use  of  air-washing  screens  at  the  intakes  has  been  very  generally 
employed  of  late  years  in  the  ventilation  of  hospitals  and  public  buUdings, 
more  particularly  in  the  Victoria  Infirmary,  Glasgow,  and  the  New  General 
Hospital,  Birmingham.  The  practical  application  of  these  air-filters  consti- 
tutes a  material  advance  in  ventilation  methods.  ■  .^  . 

AmontT  the  many  devices  for  inlets  of  fresh  air,  the  simplest  plan  is  that 
of  Hinckes  Bird.  The  lower  sash  of  a  window  is  raised  by  means  of  an 
accurately  fitting  block  of  wood,  Avhereby  a  corresponding  space  is  left 
between  the  upper  and  lower  sashes  in  the  middle  of  the  window,  through 
which  the  external  air  passes,  and,  being  directed  upwards,  curves  gently 
into  the  room  without  perceptible  draught.  With  the  same  idea,  others 
have  proposed  double  panes  of  glass,  an  open  space  being  left  at  the  bottom 
of  the  outer  and  at  the  top  of  the  inner  one. 

Perforated  sashes  are  made  by  boring  holes  into  the  lower  part  of  the  upper 
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sash;  the  air  enters  vertically,  but  being  divided  np  into  small  streams,  no 
draught  is  perceptible.    This  plan  considerably  weakens  tlie  window  frame. 

What  is  known  as  Currall's  window  ventilator  is  merely  an  openino- 
made  into  the  lower  sash  bar,  and  then  a  metal  plate  fixed  inside  in  a 
direction  parallel  to  the  window  frame,  so  as  to  direct  tlie  current  of  air 
upwards.    In  principle  it  is  very  similar  to  Hinckes  Bird's  plan. 

Double  Avindows  constitute  an  excellent  method  for  the  admission  of  air. 
By  opening  the  outer  one  at  the  bottom  and  the  inner  one  at  the  top,  a 
very  efficient  air-shaft  is  formed.  Swinging  windows  are  often  employed 
as  inlets,  particidarly  in  hospitals  and  board  schools.  They  may  be  so 
arranged  that  the  whole  window  swings  on  a  centre  pivot,  thus  offering  a 
very  large  inlet ;  or  only  the  upper  part  of  a  window  opens  inwards  like 
a  valve,  and  thus  directs  the  current  up  towards  the  ceiling. 

Louvres  or  ventilators  constructed  on  the  principle  of  Venetian  blinds  era 
a  very  common  form  of  inlet.  The  louvres  or  strips  of  glass  are  connected 
together  on  to  a  frame,  which,  by  a  mechanical  arrangement,  can  be  opened 
or  shut  at  wiU.  Glass  being  most  easily  cleaned,  and  also  transparent 
constitutes  the  best,  though  not  the  only,  material  for  louvres.  The  proper 
place  for  these  appUances  is  the  lowest  pane  of  the  upper  sash,  and  not  the 
upper  part  of  the  highest  panes  where  they  are  so  often  seen  to  be  placed. 

Cooper's  ventilator  is  merely  a  circular  disc  of  glass,  perforated  with 
holes,  and  attached  by  means  of  a  pivot  to  a  pane  of  glass  similarly  perfor- 
ated. By  rotating  the  disc,  the  holes  in  the 
pane  and  disc  can  be  made  to  correspond 
or  not  as  required. 

Perforated  or  air  bricks,  such  as  those 
of  EUison,  consist  of  bricks  wliich  are  pierced 
with  conical  holes,  about  ^  of  an  inch  in 
diameter  externally  and  inch  internally, 
depth  4J  inches.  A  usual  size  is  9  by  3 
inches,  and  the  united  area  of  all  the  several 
openings  in  one  brick  is  about  11^  square 
inches.  Another  common  size  is  10  by  6 
inches,  with  an  open  area  of  about  24  square 
inches.  The  air  blown  in  from  the  narrow 
to  the  wide  end  of  the  openings  is  so 
distributed  as  to  be  imperceptible  as  a 
draught  in  a  room.  These  bricks  are  best 
cealed  by,  the  skirting  board. 


"f  these  inlets.     These  are  more  usually 
ceiling,  and  differ  from  Ellison's  bricks  in 
small  chamber,  where  the  dust  can  deposit, 
passes  through  louvres  into  the  room. 

Steven's  drawer  ventilator  is  very  like  a  drawer 


placed  just  behind,  and  con 
Jennings'  air-brick  (fig.  12)  is  another  form 


placed  in  the  walls  near  the 
that  the  air  is  first  led  into  a 
From  this  "  dust  trap  "  the  air 


 --^j   --..^M  "with  its  back  or  end 

most  remote  from  the  handle  absent.  This  drawer  is  made  to  fit  into  a 
no  e  in  the  wall ;  when  it  is  shut  there  is,  of  course,  no  air-current,  but  when 

Tn^ZTk^lZ"'"'"""  S^^^" 
thrnT^lf  ^^^""S^^™,  yal^e  is  a  great  improvement  on  this  :  the  air  passes 
\nl  J,^!'  P'^"^^'^*!^  l^^^ck  or  iron  box  inserted  in  the  waU  close  to  the  ceil- 
ng  ot  the  room.  The  current  of  inflowing  air  is  then  directed  upwards  by 
ffil  1  ^     .  necessary,  by  a  balanced  weight 

q  1n/w  1     o  internal  opening  is,  in  the  usual-sized  valve, 

mcnes  by  3,  and  the  area  is  27  inches.    This  is  somewhat  larger  than 
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Fig.  13. 


the  outside  area,  and  the  velocity  of  the  entering  air  is  accordingly 
lessened.  The  wind  blows  through  them,  and  the  movement  is  theretore 
variable.  They  are  often  outlets ;  it  will,  in  fact,  depend  upon  circum- 
stances whether  they  are  inlets  or  outlets.  Very  little  draught  is,  however 
caused  by  them,  unless  with  a  high  wind  ;  on  the  whole,  they  are  the  best 

inlets  of  tliis  kind.  ,    -xi        r        i  • 

An  open  iron  frame  of  the  size  of  a  brick,  covered  with  perforated  zinc 

and  with  a  valve  to  close  it  if  necessary,  is  a  still 
simpler  plan,  and  the  air  is  pretty  well  distributed. 
The  gauze  should  be  cleaned  frequently.  Boyle 
used  a  round  plate  working  on  a  screw,  which 
can  be  brought  nearer  or  farther  from  a  corre- 
sponding opening  in  the  wall ;  the  air  entering 
strikes  on  the  plate,  and  then  spreads  circularly  over 
the  wall,  and  is  then  drawn  gently  into  the  room. 
The  tubes  proposed  by  Tobin  (fig.  U)  provide  for  the  introduction  of 
air  from  the  outside  at  the  floor  level  and  then  up  a  vertical  tube  about 
6  feet  in  height;  this  gives  a  vertical  direction  to  the  current  which  is 
retained  for  several  feet  further  before  it  begins  to  spread  and  descend 
tL  action  of  such  a  tube  is,  of  course,  much  affected  by  tlje  direcfaon  of 
the  wind,  and  in  some  instances  it  is  reversed  altogether     Th«  method^ 

however,  useful  in  most  cases,  pai-ticularly  for  introduc- 
ing air  into  places  which  could  only  be  reached  with 
difficulty  by  other  means.  In  some  forms  (as  made  by 
the  Sanitary  Engineering  Company)  there  is  an  arrange- 
ment for  washing  the  air  and  aiTCsting  impurities.  An 
C — ^\mm  ingenious  contrivance  for  warming  the  air  for  the 
\  upright  tube  by  means  of  a  gas  jet  has  been  suggested 

by  Lawson  Tait ;  it  also  provides  an  outlet  for  foul  air. 

The  Tobin  tubes  are  not  very  suitable  for  ordinary 
houses  and  dwelling-rooms,  as  they  are  difficult  to  keep 
clean,  and  often  become  clogged  up  with  cobwebs,  dirt, 
and  dust.  They,  moreover,  do  not  readi  y  become  or 
act  as  outlets  when  occasion  requires,  which,  being  a 
conspicuous  feature  of  the  Sheringham  valve,  renders 
that  form  of  ventilating  agent  practically  the  most  con- 
venient for  every-day  application. 

Position  and  Varieties  of  Outlets.— The  place  for 
the  outlets  is  a  most  important  consideration,  as  it  wiU 
determine  in  great  measure  the  position  of  _  the  inlets. 
If  there  are  no  means  of  heating  the  air  passing  through 
them,  they  should  be  at  the  top  of  the  room;  if  there 
are  i^ieans  of  heating  them,  they  may  be  a  POint 
If  not  artificially  warmed,  the  highest  outlet  tube  is 
usually  the  point  of  greatest  discharge,  and  sometimes  the 

so  -to  prevent  the  air  beuag  cooled  ^^^^^^^^^  ^ 

smooth  internal  surfaces,  so  that  i^^^^^'^^,  7;'-^^  __Yered  above  with 

In  shape  they  may  be  sq^^^^^^  , 
some  apparatus  which  may  aid  the  aspnaim^  pu>v 

the  passage  of  rain  into  the  shaft.  .^^^  f^^^p^ 

The  causes  of  down-draught  m  -^1^^^^^^^^^^^^  the  air  that  it 


down  the  air,  rain  gets 
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becomes  heavier  than  the  air  in  the  room ;  or  the  air  becomes  too  mucli 
cooled  by  passage  through  an  exposed  tube,  so  that  it  cannot  overcome  the 
weight  of  the  superincumbent  atmosphere;  or  another  outlet  shaft  with 
greater  discharge  reverses  the  current. 

Arrangements  should  be  made  to  distribute  the  down-drauglit,  if  it 
occurs ;  flanges  placed  at  some  little  distance  below,  so  as  to  throw  the  air 
upwards  again  before  it  mixes  with  the  air  of  the  room,  or  simple  con- 
trivances of  a  similar  kind,  may  be  used.  Valves  should  be  also  fixed  to 
lessen  the  area  of  the  outlet  when  necessary.  If  there  are  several  outlet 
tubes  in  a  room,  all  should  commence  at  the  same  distance  from  the  floor, 
be  of  the  same  height  (or  the  discharge  will  be  unequal),  and  have  the  same 
exposure  to  sun  and  wind. 

Simple  ridge  openings  may  be  used  in  one-storied  buildings  with  slanting 
roofs ;  they  ventilate  most  thoroughly,  but  snow  sometimes  drifts  in.  Eain 
may  be  prevented  entering  by  carrying  do\\Ti  the  sides  of  the  overhanging 
ridge  for  some  little  distance.  A  flange  placed  some  little  distance  below 
^vill  throw  any  down-draught  towards  the  walls. 

With  artificial  warmth,  the  discharge  of  outlets  is  much  more  certain  and 
constant.  The  ordinary  chimney  ^vith  an  open  fire  is  an  excellent  outlet : 
in  fact  it  is  so  good  that,  in  dweUing-houses,  provided  there  are  proper 
inlets,  no  other  outlet  need  be  made,  except,  however,  when  gas  is  used. 
Wlien  rooms  are  large,  and  more  crowded,  other  outlets  are  necessary; 
the  heat  of  the  fire  may  be  further  utilised  by  shafts  round  the  chimney, 
opening  at  the  top  of  the  room,  or,  in  other  words,  by  surrounding  the 
smoke-flue  with  foul-air  shafts. 

Gas,  if  used,  may  be  made  to  warm  an  outlet  tube,  both  to  carfy  off  the 
products  of  combustion  and  to  utilise  its  heat.  Probably  a  bettet  arrange- 
ment would  be  to  make  the  ventilation  independent  of  the  lighting,  and 
to  enclose  the  gas-lights,  as  is  done  on  the  Wenham  gas-light  system  and 
other  regenerative  gas-burners,  so  that  only  so  much  air  is  supplied  to  the 
gas  as  IS  required  for  the  combustion :  this  may  be  drawn  either  from  the 
room  or  separately  from  the  outside. 

In  various  other  ways  the  heat  of  fire  and  lights  may  be  taken 
advantage  of. 

There  will  seldom  be  any  difficulty  in  arranging  the  inlets  and  outlets, 
and  m  obtammg  a  satisfactory  result,  if  these  principles  are  borne  in  mind, 
VIZ.,  to  have  the  fresh  air  pure,  to  distribute  it  properly,  and  to  adopt 
every  means  of  securmg  the  outlets  from  cold,  or  artificially  warming  them 
and  of  distributing  the  air,  which,  in  spite  of  all  precautions,  will  occasion-; 
ally  pass  down  them. 

climates,  when  outlet  shafts  are  run  up  above  the  general  level  of 
the  buildmg.  It  would  be  of  advantage  to  make  them  of  brick-work,  and  to 
colour  them  black,  so  that  they  may  absorb  and  retain  heat. 

Frequently  so-caUed  ventilating  gas-lights  are  used  as  outlets,  in  which 
he  products  of  combustion,  after  being  collected  by  means  of  a  cover  or 
'Jell  glass,  are  carried  off  by  a  tube  Avhich  is  itself  often  contained  in  a  larger- 
one.    Owing  to  the  heating  of  the  inner  tube,  the  space  surrounding  it  and 
letween  it  and  the  outer  one,  acts  as  an  extracting  shaft  for  foul  air.  In' 
theatres  and  other  public  buildings  advantage  is  taken  of  this  method  by 
ising  the  sunlight  gas-burners,  which,  in  addition  to  lighting  the  building, 
T  '^^^^^        ^<^°io^ing  the  polluted  air.    To  guard  against 
possible  down-draught,  the  shaft  or  tube  should  be  surmounted  by  either 
isuggs  cowl  or  be  provided  with  a  horizontal  plate  of  talc,  which, 
lareaaed  on  a  central  pin  only,  and  resting  on  a  seat,  is  lifted  up  by 
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any  upward  pressure,  but  closes  the  channel  under  the  slightest  pressure 

^'""Another  arrangement,  known  as  Arnott's  valve,  is  designed  to  act  as  an 
outlet  for  foul  air.  It  is  usually  placed  in  the  wall  of  a  room  near  the 
ceilinff,  so  as  to  open  into  the  chimney.  The  valve  is  so  arranged  as  to 
sw  J' towards  the  kimney,  when  the  pressure  or  draught  of  the  air  is  from 
the  room  to  the  chimney;  but  when  the  pressure  is  greater  from  the 
cWmney  into  the  room,  the  valve  closes,  and  thus  prevents  the  escape  of 
smoTe  or  air  from  the  chimney.  These  valves  are  sometimes  objectionable, 
owing  to  the  noise  they  make.  Boyle's  exit  ventdator  is  ^^^^fy  ^^^^^^^^^^^ 
IZn  oi  this,  but  instead  of  metal,  there  are  a  number  of  light  talc  flaps. 

-edfor  inlet  and  outlet  a  double 
current  bLg  established.  This  is,  however,  a  crude  plan,  as  there  are  no 
means  of  distributing  the  air,  and  as  the  intermingling  of  the  cuiTent  and 
reTictln  of  the  meeting  air  is  sometimes  so  great  as  to  impede,  or  even 
tlie  iriotion  oi  u  ment.    To  avoid  these  inconveniences,  Watson 

pi^posX  pla^^^  the  tube  (fig.  15),  and  Mure  suggested  the 

nse  of  a  double  partition  running  from  corner  to  corner,  so  as  «  make  four 
use  01  a  Qouui«  p  ^^^^^^^  covered  his  divided  tube  with  a 

a      /  louvre,  so  as  to  make  use  in  some  degree  of 

^     /  ^i^g  aspiratory  power  of  the  wind  on  one  side. 

In  these  tubes,  accidental  circumstances, 
such  as  the  sun's  rays  on  one  side,  the  Avind, 
the  fire  in  the  room,  &c.,  will  determine  which 
is  outlet  and  which  is  inlet.  They  are  so  far 
better  than  the  single  tube,  that  the  partition 
divides  the  currents  and  prevents  fnction,  but 
there  is  the  same  irregular  action  and  changing 
of  currents  from  accidental  circumstances,  so 
that  the  direction  of  the  currents  and  their  rate 
are  variable.  The  distribution  of  the  entering 
air  is  also  not  good.  _ 

Much  better  than  these  plans  is  M'KmneUs 
circular  tube.    It  consists  of  two  cylmders  one 
•  .i^r^o-  +bP  other  the  area  of  the  inner  tube  and  encircling  ring  being 
encircling  the  othe^^^^^^  outlet  tube  j  it  is  so  because  the  casmg  of 

and  ,™do».  are  "Pf  ..^^"T,"^  or  almost  so ;  it  is  an 

""'ST^Ziil  'ad"  Itfo  make  the  outer  ring  of  these  tubes  larger,  as 


Fig.  15. 
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of  a  double  channel  of  perforated  metal :  by  the  lower  channel  cold  fresh' 
air  is  brought  into  a  room,  -while  by  the  iippev  one  the  fouled  air  is  carried 
to  the  chimney  or  other  outlet.  Analogous  to  this  jjlan  is  that  of  carrying 
along  a  cornice  of  a  room,  on  three  sides,  a  perforated  inlet  tube,  while  on 
the  fourth  side  is  a  similarly  perforated  outlet  tube.  In  other  cases,  a  fairly 
good  cross  ventilation  can  be  secured'  by  means  of  a  series  of  transverse 
ventilating  boxes  or  tubes  placed  at  regular  intervals  and  close  to  the 
ceiling.  These,  running  across  the  room  from  wall  to  wall,  open  into  the 
outer  air  at  each  end  by  an  air-brick.  The  sides  of  these  tubes  are  made 
of  perforated  zinc,  and  to  prevent  the  wind  blowing  right  through,  they  are 
stopped  or  blocked  in  the  centre  by  a  partition.  According  as  to  whether 
the  wind  blows  from  one  side  or  the  other,  so  one  half  becomes  an  inlet 
for  fresh  air,  which  diffuses  gently  into  the  room  through  the  perforations, 
while  the  other  half  acts  as  an  outlet  for  the  fouled  air. 

Artificial  Ventilation. — The  chief  agencies  by  which  ventilation  is 
artificially  secured  arc  heat,  steam-jets,  pumps  and  fans  or  wheels :  accord- 
ing as  to  whether  these  various  means  act  by  drawing  the  air  out  of  a 
building  or  room,  or  whether  the  air  is  driven  in  so  as  to  force  out  that 


Fig.  16,  Fig.  17. 


which  is  already  in  the  room,  so  is  any  given  scheme  of  mechanical  ventila- 
tion spoken  of  as  being  one  by  extraction  methods  or  one  by  propulsion. 

Extraction  by  Heat. — The  common  chimney  is  a  well-known  example  of 
this.  There  is  a  constant  current  up  the  chimney,  when  the  fire  is  burning, 
in  proportion  to  the  size  of  the  fire  and  of  the  chimney.  The  usual  current 
up  a  common  sitting-room  chimney,  with  a  fair  fire,  is,  as  measured  by  an 
anemometer,  from  3  to  6  feet  per  second.  A  very  large  fire  will  bring  it 
up  to  8  or  9  feet.  The  movement  caused  by  a  kitchen  or  furnace  fire  is,  of 
course,  greater  than  this. 

With  an  ordinary  fire,  a  chimney  gives  a  discharge  sufficient  for  four  or 
five  adults :  if  more  than  this  number  habitually  occupy  a  room,  another 
outlet  must  be  provided. 

When  the  air  enters  equably,  and  is  well  distributed,  the  movement  of 
air  is  from  the  inlets  gently  towards  the  fireplace ;  there  is  also  said  to  be 
a  movement,  from  above  the  fireplace,  along  the  ceiling  and  down  the  walls, 
and  then  along  the  floor  to  the  chinmey. 

As  the  current  up  the  chimney  is  so  great  when  the  fire  is  lighted,  all 
other  openings  in  a  room,  if  not  too  many,  become  inlets  ;  and,  in  this  way, 
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dowii-drauglits  of  air  may  occur  from  tubes  intended  as  outlets.  There  is 
no  remedy  for  this  j  and  if  too  much  enters,  the  outlets  must  be  more  or  less 
closed. 

If  the  room  be  Avithout  openings,  so  that  no  air  can  reach  the  fire,  air  is 
drawn  down  the  chimney,  and  a  double  current  is  established,  by  wliich 
the  fire  is  fed.  The  down-current  coming  in  puffs  is  one  cause  of  smoky 
chimneys,  and  may  be  at  once  cured  by  making  an  inlet. 

The  chimney  and  fire  is  a  type  of  a  number  of  other  similar  modes  of 
ventilation  by  extraction. 

The  ventilation  of  mines  is  often  carried  on  by  lightnig  a  fire  at  the 
bottom  of  a  shaft  (the  upcast  or  return  shaft),  or  half  a  shaft,  if  there  be 
only  one.  The  air  is  drawn  down  the  other  or  downcast  or  intake  shaft,  or 
half  the  shaft,  and  is  then  made  to  traverse  the  galleries  of  the  mine,  being 
directed  this  way  or  that  by  partitions.  Double  doors  are  used,  so  that 
there  is  no  back  or  side  rush  of  the  air.  The  current  passes  tlixough  the 
upcast  shaft  at  the  rate  of  from  8  to  10  feet  per  second;  it  flows  through 
the  main  galleries  at  the  rate  of  from  4  to  6  feet  per  second,  or  even  more, 
^nd  from  1000  to  2000  cubic  feet  per  head  per  hour  are  supphed  m  good 
mines.  In  fire-damp  mines  much  more  than  this  is  given,  even  as  much  as 
6000  cubic  feet  per  man  per  hour.  ,        •  •  i 

If  a  furnace  be  used  to  ventilate  a  fiery  mine,  it  is  usual  to  bring  special 
air  to  support  combustion  through  a  separate  channel  from  the  outer  air, 
in  order  to  prevent  the  mine  air  coming  in  contact  with  the  furnace 

flames.  „  .  ,  . 

Though  this  system  of  ventilating  by  furnaces  is  stiU  used  in  some 
collieries,  it  cannot  compete,  except  at  great  depths,  with  mechamcal 
methods.  Speaking  roughly,  the  useful  eftect  from  furnaces  rarely  exceeds 
5  per  cent,  of  the  actual  energy  given  out  by  the  fuel  consumed;  the 
maximum  power  being  the  discharge  of  about  1000  cubic  feet  per  mmute 
per  foot  area  of  the  upcast  shaft.  •        .  j  -u 

In  lar^e  buildings  the  same  plan  is  often  used ;  a  chimney  is  heated  by  a 
fire  at  the  bottom,  and  into  the  bottom  of  this  shaft,  close  to  the  fire,  run  a 
number  of  tubes  coming  from  the  different  rooms.  Several  French  and 
Encrhsh  hospitals,  and  many  other  buildings,  are  ventilated  m  this  way. 
Eefd  for  some  years  ventilated  the  Houses  of  Parliament  m  the .  same 
manner,  and  so  powerful  was  his  up-draught  that  he  could  change  the 
entire  air  in  the  building  in  a  few  minutes.  ,  ,  •  f 

In  dwelUngJiouses  it  has  been  proposed  to  have  a  central  chimney,  into 
which  the  chimneys  of  all  the  fires  shaU  open,  and  to  surround  this  with 
air-shafts  connected  with  the  tops  of  the  rooms.  It  is  supposed  that  if 
other  inlets  exist,  there  wiU  be  a  current  both  up  the  chimney  and  up  the 

shaft  running  beside  it.  i        i  •    „i  „n  i.o  ^rprv 

In  all  these  cases  it  is  necessary  that  the  workmanship  shall  be  very 
exact,  so  that  air  shall  not  reach  the  extracting  shaft  except  tlirough  the 

^''^On  the  same  principle  some  men-of-war  are  now  being  ventilated.  The 
funnel  and  upper  part  of  the  boiler,  and,  as  far  as  possible,  aU  he  steam 
apparatus,  are'  enclosed  in  an  iron  casing,  so  tliat  a  «Pf^«  ^«  ^^^^  «,!^f;"^^^ 
3  or  4  feet  between  the  casing  and  the  funnel.  When  the  fires  are  hgl  ted 
there  is,  of  course,  a  strong  current  up  this  space;  to  supply  this  the  air  is 
drawn  down  through  all  the  hatchways  Jo-ards  the  funiace  doox..  The 
temperature  of  the  stokehole  is  reduced  from  130  or  140  1.  to  bU  ana 
7oTand  the  draught  to  the  fires  is  so  much  more  perfect  that  more  steaiB 
;is  obtained  from  the  same  amount  of  fuel. 
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Sometimes,  instead  of  a  fire  at  the  bottom  of  the  chimney,  it  is  placed 
at  the  top  ;  but  this  is  a  mistake,  as  there  is  a  great  loss  of  heat  from  the 
immediate  escape  of  the  heated  air ;  the  proper  plan  is  to  heat,  as  much  as 
possible,  the  whole  cohimn  of  air  in  the  chimney,  which  can  only  be  done 
by  placing  the  fire  beloAv.  Sometimes,  as  in  Jebb's  method  for  prison  cells, 
the  shaft  is  too  short  for  the  work  it  has  to  do. 

Frequently,  instead  of  a  fiu-nace,  heat  is  obtained  for  extraction  shafts 
by  means  of  accelerating  coils  containing  either  steam  or  hot  water,  or  even 
hot  oil.  When  so  employed,  it  is  often  of  material  importance  to  know 
what  shall  be  the  heating  surface  offered  by  the  steam  or  hot-water  coils. 

Billings  gives  the  following  formula:  S=  x  1500,  in  which  S  = 

H(i  -t) 

the  number  of  square  feet  in  the  outer  surface  of  the  accelerating  coil,  W  = 
weight  in  pounds  of  the  air  which  is  discharged  in  one  second,  i  =  the 
absolute  temperature  of  the  external  air,  or  the  thermometric  reading 
+  459°-4,  or  (^  + 459*4),  H  =  the  height  of  shaft,  and  T  is  the  absolute 
temperature  of  the  steam  in  the  coil,  or  (T  +  459"4).  The  constant  1500  is 
deduced  from  other  constants,  particularly  force  of  gravity,  specific  heat  of 
air,  rate  of  transfer  of  heat  to  air  from  coils,  and  the  ratio  between  theo- 
retical and  actual  velocities  as  influenced  by  friction. 

Example. — Suppose  a  room  containing  18,000  cubic  feet  of  air,  at  average  temperature 
of  60°  F.  and  75  per  cent,  of  humidity,  is  required  to  have  its  air  discharged  four  times 
an  hour  up  a  shaft  50  feet  high,  the  temperature  of  the  outer  air  being  50°  F.  It  is 
required  to  know  what  should  be  the  heating  surface  of  a  coil  containing  steam  at  a 
pressure  of  5  Iti.    In  this  case,  each  cubic  foot  of  air  will  weigh  0'059  of  a  pound,  and 

W  will  be  18000x^x0"059  ^j.  -^.^g  ^  ^  ^yjn      50° +  459 "4  =  509 -4,  H  is  50,  and  T  will 
60x60 

be  228°  +  459-4=:687-4:  that  is, 

S  =      ^  '11^ ^^^IL  .  >  1500  =  101  -29  square  feet. 
50  X  (687-4 -509-4)  ^ 

Very  frequently,  instead  of  a  fire  or  hot-water  coils,  hghted  gas  is  used 
to  cause  a  cm-rent,  and  if  the  gas  can  be  apphed  to  other  uses,  the  plan  is 
an  econonucal  one.  In  theatres,  the  chandeliers  have  long  been  made  use 
of  for  this  purpose.  It  is  calculated  that  each  cubic  foot  of  gas  burnt  is 
capable  of  extracting  3000  cubic  feet  of  air;  thus  twenty  burners,  each 
consuming  5  feet  of  gas  hourly,  will  withdraw  300,000  cubic  feet  of  air, 
corresponding  to  the  complete  renewal  six  times  in  the  hour  of  the  air  of 
a  haU  100  feet  x  25  feet  x  20  feet.  Though  the  extracting  power  of  gas 
under  suitable  tubes  is  undoubtedly  large,  its  practical  value  as  a  ventilating 
agent  may  be  overrated,  as  generally  its  special  flue  is  in  a  position  most 
unfavourable  for  general  ventilation.  This  is  particularly  the  case  when 
the  gas  is  intended  to  be  both  an  illuminant  and  a  means  of  ventilation, 
as  in  public  halls,  where  the  air  must  be  very  impure  before  a  central 
chandelier  is  effective  in  removing  impurity. 

Extraction  by  the  Steam- Jet. — The  moving  agent  here  ig  the  force  of 
the  steam-jet,  which  is  allowed  to  pass  into  a  chimney.  The  cone  of  steam 
sets  in  motion  a  body  of  air  equal  to  217  times  its  own  bulk.  Tubes  passing 
from  different  rooms  enter  the  chimney  below  the  steam-jet,  and  the  air  is 
extracted  from  them  by  the  strong  upward  current.  This  plan  is  best 
adapted  for  factories  with  spare  steam.  It  was  employed  for  some  time  in 
the  ventilation  of  the  House  of  Lords,  but  was  finally  abandoned. 

In  some  collieries  the  steam-jet  has  been  tried  with  great  .success,  as  at 
Lower  Moor  near  Oldham,  where  the  "apparatus  consists  of  72  vertical 
pipes  5  feet  long  and  7  inches  in  diameter,  fitted  to  a  frame  on  the  top  of 
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the  upcast  shaft ;  into  each  is  inserted  a  steam  pipe  having  a  nozzle  ^\  inch 
in  diameter,  supplied  with  steam  at  a  pressure  of  38  Ih.  Rough  as  it  is,- 
this  apparatus  exhausts  16,000  cubic  feet  per  minute."  The  principle  of 
action  of  a  steam-jet  is  similar  to  the  production  of  a  head  by  the  passage 
of  wind  over  an  aperture,  that  is,  by  a  lowering  of  pressure  in  the  vicinity 
of  the  aperture.  Steam-jets  appear  unsuited  for  exhausting  large  quantities 
of  air  at  low  pressures. 

Extraction  by  Pwnps.— This  method  is  employed  at  some  collieries,  and 
was  also  used  at  the  St  Gothard  Tunnel  works.  One  of  the  best  known 
in  England  of  this  class  of  mechanical  ventilators  is  that  of  Struve_  of 
Swansea.  It  consists  of  a  gasometer-hke  piston,  working  in  a  large  brick 
chamber  filled  with  water.  The  air  is  admitted  and  expelled  by  flap  valves. 
Those  at  Cwm  Avon  are  1 8  feet  in  diameter,  and  have  a  stroke  of  7  feet 
working  eight  strokes  a  minute.  With  a  water-gauge  of  3  inches,  this 
machine  exhausts  50,000  cubic  feet  a  minute.  The  air-pumps  in  the 
St  Gothard  works  Avere  cylinders  hung  at  each  end  of  a  rocking  beam, 
which  alternately  dipped  into  water-tanks.    The  tops  of  the  cylinders  were 

fitted  with  outlet  valves,  wliile  the 
space  to  be  ventilated  was  con- 
nected by  pipes  and  inlet  valves 
with  the  cylinders.  Each  time  the 
cylinder  rose,  it  filled  with  air  from 
the  tunnel,  which  was  expelled 
through  the  valves  in  the  top 
when  it  fell.  They  worked  effi- 
ciently with  a  water-gauge  of  6 
inches. 

Lemielle's  "Extractor  is  a  huge 
drum  with  movable  vanes,  placed 
excentrically  in  a  casing  so  that 
they  lie  close  against  the  drum  on 
one  side,  but  expand  as  they  pass 
on  the  other,  and  thus  sweep  out, 
as  it  were,  a  certain  amount  of  air 
at  each  revolution.  Except  in  a 
few  collieries,  these  ventilators  are 
not  much  used:  their  effective 
power  appears  to  be  under  40  per  cent,  of  the  gross  boiler  power.  _ 

Extraction  and  Propulsion  by  i^'aras.— These  are  very  largely  used  m 
tunnels  and  coUieries.  A  fan  ventilator  is  nothing  but  a  wheel  formed  by  a 
number  of  vanes  attached  to  an  axle,  men  the  wheel  is  rapidly  rotated, 
air  is  carried  along  by  the  vanes,  finally  leaving  the  tips  of  the  vanes  tan- 
gentiaUy  with  a  velocity  practically  equal  to  that  of  the  vane  tips.  As  the 
wheel  rotates,  the  air  tends  to  move  from  the  axis  to  the  circumference, 
causing  thereby  a  lessening  of  pressure  at  the  axis. 

One  of  the  best  of  these  fans  is  Guibal's  (fig.  18),  which  is  enclosed  m  a 
circular  cover,  with  openings  at  the  axle  and  an  opening  thY^Yn^  tS 
which  leads  into  a  tube  along  which  the  air  is  discharged.  By  placing  the 
axis  of  the  wheel  excentrically  with  regard  to  the  circle  of  the  enclosuig 
case,  an  appreciable  space  is  formed,  between  the  periphery  of  revolving 
van^s  and  the  cover,  gradually  increasing  up  to  the  discharging  tube.  This 
arrancrement  materially  saves  the  kinetic  energy  of  the  wheel  by  saving 
lo  s  of  power  in  the  production  of  eddies.  When  working  air  is  draw^ 
tWgl  the  apertures  near  the  axle,  and  driven  into  and  along  the  tuba. 
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19)  niucli  used  in 


In  the  best  forms  of  these  fans  the  size  of  the  delivery  aperture  can  be 
Uered  by  means  of  a  sliding  door,  the  aperture  itself  is  trumpet-shaped, 
;id  the  vanes  are  so  shaped  that,  though  tangential  to  the  aperture  at  the 
1  Kle,  they  are  at  right  angles  to  the  periphery  at  the  tip  ;  this  enables  the 
lir  to  slide  on  to  the  vanes  without  loss  of  energy  in  eddies. 

One  of  these  fans  is  working  at  Thirslingtou  colliery,  being  36  feet  in 
liameter  and  12  feet  Avide,  and  revolving  at  eighty,  discharges  80,000  cubic 
feet  of  air  per  minute  under  a  water-gauge  of  6  "2  inches. 

For  ventilating  tunnels,  the  best  agents  are  undoubtedly  fans.  This  is 
well  seen  in  the  case  of  the  Lime  Street  Tunnel,  Liverpool,  and  the  success 
ittending  the  working  of  the  pneumatic  tube  between  Euston  and  the 
( leneral  Post  Office,  London.  This  tube  is  tunnel-shaped,  4  feet  wide  and 
i-5  feet  liigh  :  it  is  worked  by  a  fan  in  Holborn,  22  feet  in  diameter,  and 
1  evolving  160  times  a  minute.  It  discharges  20,000  cubic  feet  of  air  pe? 
minute,  and  enables  the  carriage  to  travel  at  a  speqd  of  15  miles  an  liour  ; 
the  water-gauge  shows  10  inches  of  pressure.  The  best  fans  appear  to 
utilise  only  15  per  cent,  less  than  the  indicated  power  of  the  engine  which 
ilrives  them. 

The  Blackman  Air-PropeUer  is  a  kind  of  fan  (fig 
ventilation.  It  is  claimed  for  this 
;igent  that  the  larger  sizes  will  give 
1 2,000  cubic  feet  and  the  smaller  ones 
6000  cubic  feet  of  air  per  minute  for 
each  horse  power  expended  in  driving 
them.  This  estimate  is  based  upon 
there  being  no  resistance  against  the 
air  except  that  from  the  machine  itself. 
In  actual  practice,  considerable  resist- 
ance results  from  the  ducts  of  the  ven- 
tilation system  as  well  as  from  the 
machine. 

In  the  ventilation  of  mines,  the 
resistance  to  the  movement  of  the  air 
(Uie  to  friction  from  the  gallery  surfaces, 
abrupt  turns,  expansions  and  contrac- 
tions of  ducts,  and  from  eddies  is 
I  if  ten  very  great,  so  much  so  that  a 
large  part  of  the  power  employed  to  produce  air-currents  is  needed  to  over- 
(  ome  this  resistance.  The  friction  increases  in  direct  proportion  to  the  area 
i  f  the  surface,  and  as  the  square  of  the  velocity  of  the  current.  According 
to  Atkinson,  for  every  1000  feet  per  minute  velocity,  the  average  co-efficient 
of  friction  in  mines  is  0-0217  lb  per  square  foot  of  surface. 

The  use  of  blowing  machines  for  ventilation  has  been  knoAvn  since  1734, 
when  Desaguliers  invented  a  fan  or  wheel  enclosed  in  a  box.  The  fan,  if 
small,  is  worked  by  hand  as  in  the  machine  largely  used  in  India,  under 
the  name  of  the  Thermantidote.  Larger  fans  are  worked  either  by  horses 
or  by  steam  engines. 

The  amount  of  air  delivered  can  be  told  by  timing  the  speed  of  revolu- 
tion of  the  extremities  of  the  fan  per  second,  or  per  minute ;  the  effective 
^■elocity  is  equal_  to  f  ths  of  this,  and  this  is  the  rate  of  movement  of  the 
•nr.  If  the  section  area  of  the  conduit  be  known,  the  number  of  cubic  feet 
ilischarged  per  second,  minute,  or  hour  can  be  at  once  calculated. 

The  power  of  this  plan  is  very  considerable.  With  a  fan  of  10  feet 
'liameter,  revolving  sixty  times  per  minute,  the  elfective  velocity  is  UU 
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feet  per  minute.  The  rate  of  movement  in  the  main  channel  should  not  he 
more  than  4  feet  per  second  ;  the  conduits  must  gradually  eidarge  in  calibre ; 
and  the  movement,  when  the  air  is  delivered  into  the  rooms,  should  not  be 
more  than  H  foot  per  second. 

This  plan  is  very  well  adapted  for  those  cases  in  which  a  large  amount 
of  air  has  to  be  suddenly  supplied,  as  in  crowded  music  halls  and  assemljly 
rooms.  St  George's  Hall  at  Liverpool  is  ventilated  in  this  way,  which, 
after  thirty  years'  experience,  is  still  considered  satisfactory.  The  air  is 
taken  from  the  basement ;  is  washed  by  being  drawn  through  a  thin  film  of 
water  thrown  up  by  a  fountain ;  is  passed  into  caloriferes  (in  the  winter), 
where  it  can  be  moistened  by  a  steam-jet,  if  the  difference  of  the  dry  and 
wet  bulb  be  more  than  four  to  six  degi-ees,  and  is  then  propelled  along  the 
channels  which  distribute  it  to  the  hall.  In  suiumer,  it  is  cooled  in  the 
conduits  by  the  evaporation  of  water. 

In  the  present  day,  Root's  blower  (fig.  20)  or  a  machine  worked  by 


rotating  pistons  is  largely  used.  In  principle  it  is  a  revolving  pump,  m 
which  two  pistons,  each  shaped  like  a  figure  of  8,  are  worked  on  paraUel 
axles  inside  a  box  with  two  openings.  As  the  pistons  rotate,  the  air  is 
drawn  in  at  one  opening  and  driven  out  at  the  other.  In  all  macliines  ol 
this  type  it  is  evident  that  a  definite  volume  of  air  is  transmitted  at  eacli 
stroke,  and  knowing  this  volume  from  measurements  of  the  machme,  tlie 
actual  delivery  per  second  is  readily  worked  out  from  the  speed  of  revolu- 
tion, and  whatever  head  is  needed  to  drive  that  volume  will  be  supplied 
from  the  source  of  power  which  drives  the  fan. 

It  will  be  readily  underetood  that  any  given  scheme  of  ventilation  neea 
not,  necessarily,  be  limited  to  either  extraction  or  propulsion,  but  may  be 
carried  out  by  a  combination  of  both  methods,  as  in  the  present  Houses  ot 

Ak  is  timitted  into  the  cliamber  of  the  House  of  Commons  through 
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penings  in  the  floor,  having  been  previously  warmed,  moistened,  or  cooled 
•cording  to  the  requirements  of  the  season.  The  vitiated  air  is  extracted 
1  rough  the  perforated  ceiling,  and  is  conducted  through  a  shaft  to  the  base 
t  the  Clock  Tower,  where  a  large  fire  is  maintained  at  the  bottom  of  an 
[)cast  shaft. 

At  the  Hopital  Necker  in  Paris,  and  in  many  other  places,  the  plan  of 
an  Hecke  is  in  use.  A  fan,  worked  by  an  engine,  drives  the  air  into 
uall  chambers  in  the  basement,  where  it  is  warmed  by  cockle  stoves,  and 
len  ascends  into  the  rooms  above  and  passes  out  by  outlet  shafts  con- 
I'ucted  in  the  walls.  The  system  is  effective  and  economical,  though  it  is 
[ily  just  to  say  that,  the  use  of  the  fan  excepted,  it  is  precisely  similar  in 
I'inciple  to  Sylvester's. 

Comparative  Value  of  Ventilation  Methods. — In  endeavouring  to  com- 
:ire  extraction  methods  with  those  of  propulsion  in  attemjjts  to  ventilate 
lechanically,  we  find  that  there  are  some  objections  to  both.  When 
X  traction  of  air  is  produced  by  fire  and  hot-air  shafts,  there  is  often 
lequality  of  draught  due  to  the  impossibility  of  keeping  the  fire  at  a 
jiistant  height. 

Another  difficulty  arises  from  the  inequality  of  the  movement  from 
ilferent  rooms.  From  rooms  nearest  the  shaft,  and  with  the  straightest 
"unecting  tubes,  there  may  be  a  strong  current,  while  from  distant  rooms 
le  friction  in  the  conduits  is  so  great  that  Httle  air  may  pass.  The  greatest 
ire  is  therefore  necessary  in  calculating  the  resistance,  and  in  apportioning 
le  area  of  the  tubes  to  the  resistance.  Tliis  plan  is,  indeed,  best  adapted 
ir  compact  buddings.  Occasionally,  if  the  friction  be  great,  from  too  small 
;ze  or  the  angular  arrangement  of  the  conduits  leading  to  the  hot-shaft, 
lere  may  be  no  movement  at  all  in  the  conduits,  but  a  down-current  to 
'ed  the  fire  is  established  in  the  shaft  itself — a  state  of  things  which  was 
iscovered  by  Sanderson  to  exist  formerly  in  the  ventilation  of  St  Mary's 
[ospital  in  London. 

The  possibility  of  reflux  of  smoke,  and  perhaps  of  air,  from  the  shaft  to 
iie  rooms,  is  another  objection  of  some  weight,  to  which  must  be  added  the 
upossibility  of  properly  controlling  the  places  where  fresh  air  enters.  It 
ill  flow  in  from  all  sides,  and  possibly  from  places  where  it  is  impure,  as 
I'om  closets,  &c. ;  air  is  so  mobile  that  with  every  care  it  is  difficult  to 
l  ing  it  under  complete  control — it  will  always  press  in  and  out  at  the 
uint  of  least  resistance. 

The  advantages  of  ventilation  by  propulsion  are  its  certainty,  and  the 
ase  with  which  the  amount  thrown  in  can  be  altered.  The  stream  of  air 
III  be  taken  from  any  point,  and  can,  if  necessary,  be  washed  by  passing 
Inough  a  thin  film  of  water,  or  through  a  thin  screen  of  moistened  cotton, 
lid  can  be  warmed  or  cooled  at  pleasure  to  any  degree.  In  fact,  the 
iigineer  can  introduce  into  this  operation  the  precision  of  modern 
'lence. 

The  disadvantages  are  the  great  cost,  the  chances  of  the  engine  breaking 
'  'wn,  and  some  difficulties  in  distribution.  If  the  air  enter  through  small 
1  ;enings  at  a  high  velocity,  it  will  make  its  way  to  the  outlets  without 

■xing.    The  method  requires,  therefore,  great  attention  in  detail. 

As  to  the  relative  value  of  natural  and  artificial  ventilation,  we  find 
I  'cumstances  differ  so  widely  that  it  is  impossible  to  select  one  system  in 
n;ference  to  all  others.    In  temperate  climates,  in  most  cases,  especially 

1'  dwelling-houses,  barracks,  and  hospitals,  natural  ventilation,  with  such 
'  I  wers  of  extraction  as  can  be  got  by  utilising  the  sources  of  warming  and 
-!'itmg,  is  the  best.     Incessant  movement  of  the  air  is  a  law  of  nature. 
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Wo  have  only  to  allow  the  air  in  our  cities  and  dwellings  to  take  share  in 
this  constant' change,  and  ventilation  will  go  on  uninterruptedly  without  our 
care. 

In  some  circumstances,  however,  as  in  the  tropics,  with  a  stagnant  and 
warm  air ;  and  in  temperate  climates,  in  certain  buildings  where  there  are  a 
great  number  of  small  rooms,  or  where  sudden  assemblages  of  people  take  . 
place,  mechanical  ventilation  must  be  used.    So  much  may  be  said  both  for 
the  system  of  extraction  and  propulsion  under  certain  circumstances,  that  it 
is  impossible  to  give  an  abstract  preference  to  one  over  the  other.    In  fact) 
it  is  evident  that  the  special  conditions  of  the  case  must  detei-mine  the 
choice,  and  we  must  look  more  to  the  amount  of  air,  and  the  method  of 
distribution,  than  to  the  actual  source  of  the  moving  power.    But  in  either 
case  the  greatest  engineering  skill  is  necessary  in  the  arrangement  of  tubes, 
the  supply  of  fresh  air,  &c.     The  danger  of  contamination  of  air  as  it 
passes  through  long  tubes,  and  the  immense  friction  it  meets  with,  must 
not  be  overlooked.     The  cost  of  the  various  plans  will  depend  entirely  on 
circumstances,  the  nature  of  the  building,  the  price  of  materials,  coal,  &c. 
On  the  whole,  the  plans  of  ventilating  and  warming  by  hot-water  pipes,  and 
Van  Hecke's  plan,  are  cheaper  than  the  method  by  propulsion  by  means  of 
a  large  fan ;  but  the  latter  gives  us  a  method  which  is  more  under  engnieer-' 
ing  control,  and  is  better  adapted  for  hot  climates  when  it  is  desired  to  cool 
the  air.    By  means  of  damp  canvas  air-screens  or  filters  placed  at  both 
inlets  and  outlets,  cleansed,  tempered,  and  humidified  air  may  be  propeUed 
throuo-h  narrow  wedge-shaped  openings  in  the  ceilings,  and  then,  by  means 
of  a ''simple  form  of  spreader,  be  evenly  distributed  through  buildings.i 
This  arrangement  has  already  been  successfuUy  applied  to  several  hospitals 
by  Messrs  Key  and  Henman,  and  certainly  seems  the  proper  plan,  as  it 
not  only  ensures  the  delivery  of  clean  air,  but  also  purifies  that  emitted 

from  the  building.  ,      ^  -rr  u  i 

Comparing  two  sets  of  schools  in  Dundee,  CarneUey,  Haldane,  and 
Anderson  have  shown  that  mechanical  ventilation  has  the  advantage.  In 
naturally  ventilated  schools,  the  average  amount  of  GO^  was  1-86  per  lOUU 
-vols.,  the  organic  matter  16-2  (vols,  oxygen  required  per  million  vols,  o 
air)  and  the  micro-organisms  152  per  Htre ;  while  in  mechanicaUy  ventilated 
•schools,  the  C0„  was  1-23,  the  organic  matter  lO'l,  and  the  micro-organisms 
16-6  •  and  notwithstanding  this  greater  purity  of  the  air,  the  temperature 
was  considerably  higher  in  the  latter.  The  incoming  air  is  warmed  by 
beincT  driven  by  means  of  fans  over  hot  pipes,  and  then  delivered_  into  the 
roonTs,  about  5  feet  from  the  floor,  tlirough  shallow  broad  openings;  the 
outgoing  air  is  drawn  up  from  apertures  about  2  feet  from  the  floor  into  a 
chamber  in  the  roof,  and  thence  out  through  valved  louvres     The  mean 


dXerT  S  air  calculated  from  the  CO,)  in  the  mechanicaUy  ventilated 
rooms  was  670  cubic  feet  per  head  per  hour,-in  those  ^^^tiaraUy  ventilated, 

only  400; 
latter  fron 
very  good. 


rooms  was  670  cubic  teet  per  neaa  per  nuui,— .ii  .x^^.v.  v  ■  j"- 

only  400;  the  range  in  the  former  being  from  375  to  1680,  and  in  th 
latter  from  175  to  1370.    In  neither  case,  however,  was  the  ventilatioi] 


METHODS  OF  HEATING  AND  COOLING. 

Just  as,  in  discussing  the  problems  of  ventilation,  we  were  largely  con 
cerned  in  considering  the  various  natural  and  mechanical  processes  invoh  e 
in  air  movement,  so  now,  in  dealing  with  the  problems  re  ating  to  th 
heat  na  of  buildings,  we  have  to  discuss  the  laws  governing  the  produc  lo 
and  dfstribS  o'f  'heat.    In  actual  practice,  the  problems  of  ventilatio: 
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very  closely  associated  witli  the  problems  of  heating,  because  heat  is 
10  of  the  most  important  agents  in  ventilation,  and  the  distribution  of- 
eat  is  commonly  dependent  upon  the  distribution  of  heated  air  or  water, 

Pi-oduction  and  Measurement  of  Heat. — The  production  of  heat  for  the 
nrposes  of  heating  and  A^entilating  buildings  is  commonly  effected  by  the 
iinbustion  of  fuel.  The  chief  constituents  of  fuels  are  carbon  and 
\'droc^en,  with  various  chemical  combinations  of  these  two  elements ; 
liile  the  principal  products  of  their  combustion  are  carbon  dioxide  and 

ater.  .  _  .  ■ 

For  measuring  and  comparing  quantities  of  heat,  a  unit  of  measure  is 
'quired,  and  that  which  is  most  commonly  used  in  this  country  is  the 
tuount  of  heat  required  to  raise  a  pound  of  water  1°  F.,  say  from  32°  F. 
)  33°  F.  This  is  sometimes  spoken  of  as  the  British  thermal  unit.  In 
le  metrical  system,  the  unit  of  heat  is  the  calorie,  or  the  amount  of  heat 
M^uired  to  raise  a  kilogramme  of  Avater  from  0°  C.  to  1°  C.  It  is  some- 
nies  convenient,  in  ventilation  and  heating  problems,  to  express  the 
nioimt  of  heat  in  terms  of  force.  When  so  expressed,  the  British  thermal 
nit  is  equivalent  to  772  foot-pounds  of  force,  and  the  calorie  is  equal  to 
2 3 '985  kilogramme-metres,  each  kilogramme-metre  being  equal  to  7  "2  foot- 
Dunds,  or  one  calorie  is  equal  to  3'968  Bb  Fahrenheit  units. 

The  quantity  of  heat  produced  by  the  combustion  of  a  fuel  is  approxi- 
lately  the  sum  of  the  quantities  of  heat  which  the  hydrogen  and  carbon 
intained  in  it  would  produce  separately  by  their  combustion.  When 
A  clrogen  and  oxygen  exist  in  a  compound  in  the  proper  proportion  to 
'im  water,  these  constituents  have  no  effect  on  the  total  heat  of  combus- 
ii)n,  and  it  is  only  the  surplus  of  hydrogen  above  that  which  is  required 
V  the  oxygen  that  is  to  be  taken  into  account.  The  heat  of  combustion 
t  one  pound  of  pure  carbon  is  14,500  British  thermal  units,  and  that  of  one 
"und  of  pure  hydrogen  is  62,032:  from  these  principles  and  data  is 
induced  the  following  general  formula  for  the  total  heat  of  combustion  of 
I  ly  compound,  of  which  the  principal  constituents,  carbon,  hydrogen,  andj 
xygen,  are  known  : — 


A  =  14,500  {C  + 4-28  (H-|)} 


II  which  h  is  the  total  heat  of  one  pound,  of  the  compound  in  British 
liermal  units,  C,  H,  and  0  are  the  fractions  of  one  pound  of  the  compound 
insisting  respectively  of  carbon,  hydrogen,  and  oxygen,  wliile  4 "28  is  a 
instant  deduced  from  the  ratio  of  14,500  to  62,032. 

On  the  basis  of  this  formida,  the  following  table  of  the  total  heat  from 
'  >nibustion  of  one  pound  of  each  of  the  fuels  has  been  prepared. 


Fuel. 
One  pound. 


•'harcoal,  . 

'Joal— Anthracite, 
,,  Bituminous, 
n  Cannel, 

"       .  »» 

Lignite,  . 
I'eat,  , 
Wood— dry, 
Petroleum,  , 


Carbon, 

a 

Hydrogen, 
tt) 

Oxygen, 
lb 

yields  British 
thermal 
heat  units. 

0-930 

13,585 

0-940 

13,630 

0-915 

0-035 

0-026 

15,225 

0-900 

0-040 

0-020 

15,370 

0-880 

0-052 

0-054 

15,837 

0-810 

0-052 

0-040 

14,645 

0-700 

0-050 

0-020 

11,745 

0-580 

0-060 

0-310 

9,660 

0-500 

7,245 

0-840 

0-160 

21,930 
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Specific  Heat.— As  we  have  chiefly  to  do  with  questions  involving  the-- 
amount  of  heat  in  different  quantities  of  air,  water  and  watery  vapour,  the 
exact  amounts  of  heat  Avhich  can  be  stored  in  equal  weights  of  these  different 
substances,  by  raising  their  temperatures  through  the  same  range,  becomes 
of  material  importance.  The  heat  capable  of  being  stored  or  retanied  in 
this  way  is  called  the  specific  heat,  and  is  usxially  described  as  being  so 
many  units  required  to  raise  the  temperature  of  1  ft  of  Uie  substance  through 
1°  F.  From  the  following  table  of  specific  heats,  it  will  be  easy  to  compare 
the  efficiency  of  different  substances  for  the  storage  of  heat. 


10000  British  thermal  unit  to  raise  the  temperature  of  1  lb  through  1°  F. 
0-5040 


Water  requires 
Ice  ,, 

Steam      „  0-4800 

Copper    „  0  0961 

Irou        „  01140 

Brass      „  00939 

Wood""''}    requires  0-2000 
Air  (expanding)   ,,  0-2380 
,,  (volume  coustant)  01690 

From  this  table  it  is  evident  that,  weight  for  weight,  water  wiU  absorb 
more  heat  for  the  same  rise  of  temperature  than  any  other  substance,  hence 
the  comparative  economy  secured  by  using  water  as  a  carrier  of  heat,  mstead 
of  air  In  the  case  of  the  former  it  is  unity,  while  for  the  latter  it  varies 
from  b-169  to  0-238,  according  as  to  whether  the  volume  of  the  air  mass 

is  constant  or  expanding.  ,    .         j.  n     •        vi  f^^rr, 

Assumincr  that  the  volume  of  air  is  constant,  the  foUowmg  table  from 
Billincrs  shows  the  number  of  thermal  units  required  to  heat  a  given 
volum^e  of  dry  air  a  certain  number  of  degrees  Fahrenlieit,  commencmg  at 
32°  F. 


Heated. 

Cubic  feet. 

1°. 

2°. 

3°. 

4°. 

5°. 

6°. 

7°. 

8°. 

9°. 

100 
200 
300 
400 
500 
600 
700 
800 
900 

1-92 
3-84 
5-76 
7-68 
9-60 
11-52 
13-44 
15-36 
17-28 

3-84 
7-68 
11-52 
15-36 
19-20 
23-00 
26-88 
30-72 
34-56 

5-76 
11-52 
17 -2S 
23-04 
28-80 
34-56 
40-32 
46-08 
51-84 

7-68 
15-36 
23-04 
30-72 
38-40 
46-08 
53-76 
61-44 
69-12 

9-60 
19-20 
28-80 
38-40 
48-00 
57-60 
67-20 
76-80 
86-40 

11-52 
23-04 
34-56 
46-08 
57-60 
69-12 
80-64 
92-16 
103-68 

13-44 

26-88 
40-32 
53-76 
67-20 
80-64 
94-08 
107-52 
120-96 

15-36 
30-72 
46-08 
61-44 
76-80 
92-16 
107-52 
122-88 
138-24 

17-28 
34-56 
51-84 
69-12 
86-40 
103-68 
120-96 
138-24 
155-52 

From  this  table  it  is  easy  to  cal^^u  ate  the  amount  ^^^^  ^  ^ 
raise  the  temperature  of  any  given  Volume  of  air  through  any  number  of 
degrees  of  temperature, 

toyfc.-It  U  re-,.nr.a  to  k«6w  how  n,.ny  ttomal  unite  ar*  n«=etory  to  h«t 
»,„„0™bicfe.torai,.r..^3rj 

7000     „       „  =3^  „ 

7526  „ 

Distribution  of  Heat.-In  order  to  thoroughly  understand  th«  Fmciples 
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contact,  by  radiation,  and  by  convection.  Conducted  heat  passes  from  one 
particle  of  matter  to  another  when  they  touch,  that  is,  are  sej^arated  by 
insensible  distances.  Heat  is  conducted  through  all  solids,  but  to  a  very 
limited  degree  only  by  Hquids  and  gases.  Bodies  which  are  good  conductors 
i-apidly  give  off  their  heat  to  the  surrounding  air  or  to  anything  in  contact 
with  them :  in  like  manner,  if  colder,  they  withdraw  heat  from  other  bodies. 
A  table  of  conductivities,  or  conducting  powers,  is  given  below ;  while  the 
amount  of  heat,  H,  flowing  per  houi'  through  an  area.  A,  in  square  feet  of 
;  mches  thickness  of  a  substance  whose  conducting  power  is  K,  when  the 
diflerence  of  temperature  is  f  F.,  may  be  calculated  by  the  formula, 

If 


Substance. 

Coijper, 
Iron, 
Lead, 
Slate, 
Brick, 
Fire-brick, 
Asphalte, 
Oak  (across  fibres), 


Conducting  Power  in 
lb  Fah.  Units  (K). 
3225-0 
477-4 
113-0  ? 
16-0? 

4-  3 

5-  1 
3-79 
1-70 


Substance. 

Water, 
Air, 

Wool,  . 
Fossil  meal, 
Glass,  . 
Eider-down, 
Slag-wool, 
Asbestos, 


Conducting  Power  in 
lb  Fah.  Units  (K). 
.  5-82 
.  0-16 
.  0-32 
? 

.  6-60 
.  0-31 
.  0-314 


Radtahon  is  not  only  the  most  common,  but  probably  the  most  wasteful 
of  the  ways  by  which  heat  is  distributed.  Eadiated  heat  is  propagated  in 
straight  lines  in  all  directions  with  equal  intensity,  the  effect  lessenina 
according  to  the  square  of  the  distance  :  thus,  if  the  heat  at  one  foot  distance 
from  a  fire  be  1,  then  at  ten  feet  it  wiU  be  one  hundred  times  less.  If 
radiant  heat  fall  on  a  solid  body,  it  is  reflected  in  the  same  way  as  light, 
init  some  of  the  heat  is  absorbed,  the  amount  reflected  and  absorbed  bein- 
ux  mverse  proportion  to  one  another,  and  largely  dependent  upon  the 
-urface,  colour  and  nature  of  the  body,  as  weU  as  upon  the  difference  of 
fniperature  between  the  receiving  and  radiating  bodies.  Speakin- 
ueraUy,  we  may  say  that  good  radiators  are  good  absorbers :  good 
.  flectors  are  bad  radiators:  transparent  bodies  are  bad  radiators. 

JJitterent  transparent  substances  often  exhibit  remarkable  variability  as 

'  radiation.  Dry  air  is  very  transparent,  but,  if  moist,  is  often  more  or 
^mn-l"!;?'^''"'  becomes  heated  itself  when  heat  is  radiated  thi-ough  it. 
■  Iktin/'  «-.37  inch  thick,  will  absorb  half  the  energy  of 

^^To^t^lf"  transmitting  the  other  half;  hence  thick 

^  ss  IS  often  effective  in  screening  off  heat  from  the  sun  or  fire,  while  at 
lie  same  time  transmitting  the  light. 

The  convection  of  heat  is  that  mode  in  which  heat  is  propac^ated  in 

1  uds  and  gases,  and  is  dependent  upon  that  characteristic  ofTosfbodies 

.     tV:  Tact  l^'^'^T      f'^  "^^^'^^  ^^"^  ^^^^  '^'^'^^      expand  and 
th.  lf  "?  "^"'^  P^rts.    A  sort  of  circulation 

he  water  or  air  is  set  up,  and  the  whole  mass  soon  warmed.  Every 

.  n  contLrw^h'hrV'''^''w?  '^'^'f*'  '^'^  ^^^ducted  to  the 
n  it  oT^cold  dw  i!  'J-'^r'  ^^''Y  ^^'^  ^  ^^ith  a  fire 

nni  ar  cause  "^-^  ^'^^'^^  '°°'P^'^^  «f  movement,  from  a 

-lyTn  aTa^mnir^  ''^u'"'^*'  P™^^"^*^^^      ^'^^        byth^  human 

-ilntX  nTov^r^^^^^       than  Itself  not  only  carry  off  some  heat  but 

"ipLaturL^f  tbo '  ^'^^  ^  '^PP^^  °f  When  the 

■plLeme^t  of  *Jf/7«^^^',^S      ^«  ,n«arly  that  of  the  body,  this  natural 

1  acement  of  air  does  not  take  place,  necessitating  an  aAificial  move- 
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ment  of  the  air  either  Ly  means  of  fans  or  by  punkahs  as  in  the 

East.  -u        1  • 

Disregarding  any  particular  variations  in  the  source  of  heat,  that  is, 
whether  from  coal,  coke,  wood,  gas,  or  oil,  we  can  say  that  the  principal 
methods  of  warming  and  heating  houses  or  rooms  may  he  classed  as  either 
open  fires,  closed  fires  or  stoves,  and  pipes  containing  either  heated  air,  hot 

water,  or  steam.  '  .  t     i  j 

Open  Fireplaces.— Long-established  custom  and  prejudice  have  caused 
open  fires  to  be  the  means  of  heating  nine-tenths  of  the  houses  in  England, 
notwithstanding  the  fact  that  they  are  really  the  most  costly  and  imperfect 
means  of  heating,  as  evidenced  by  the  fact  that  they  only  render  available 
13  per  cent,  of  the  total  heat  capable  of  being  yielded  by  coal  or  toke,  and 
only  6  per  cent,  of  that  by  wood,  the  rest  being  lost  in  the  air,  or  escaping 
as  unconsumed  carbon  up  the  chimney.    The  actual  heating  effect  of  open 
gi-ates  is'  most  unequal  in  different  parts  of  a  room,  but  on  account  of'  the 
cheerful  light  which  they  emit,  and  the  ventilation  wliich  they  ensure,  open 
fires  will -always  be  preferred  as  the  pleasantest  and  healthiest  mode  ot 
heating.    Following  Teale,  the  chief  practical  points  to  be  &imed  at  in 
making  open  fireplaces  may  be  summarised  as  foUows :— (1)  |Jse  as  little 
iron,  but  as  much  fire-brick,  as  possible.    (2)  The  back  and  sides  should  be 
made  of  fire-brick.  ■  (3)  The  back  of  the  fireplace  should  lean  or  liang  over 
the  fire,  while  the  throat  of  the  chimney  should  be  contracted     (4)  ihe 
bottom  of  the  fire  should  be  deep,  from  before  back.     5)  AH  shts  m  the 
bottom  of  the  fire  should  be  as  narrow  as  possible.    (6)  The  bars  in  front 
should  be  narrow.    (7)  The  space  beneath  the  fire  should  be  closed  m  front 
by  a  close-fitting  iron  shield  or  "  economiser."    The  object  of  tins  latte 
point  is  to  secure  as  complete  combustion  as  possible  of  the  fuel  at  the 
bottom  of  the  fire  by  the  exclusion  of  cold  air.    In  the  use  o   an  ordmary 
open  fireplace,  about  one-eighth  of  the  heat  given  off  by  the  f^^^l^o^^ 
sLed  is  utihsed  on  the  air  of  the  room.     All  open  grates  should  be 

made  so  as  to  have  the  fuel  slowly  and  °°^Pl«t^ly J^n J 
draught  up  the  chimney  should  not  be  m  excess  of  ventilation,  requn-e- 1 

""^"to  calculate  the  quantity  of  air  required  for  the  combustion  of  any  given 
fuel  we  may  use  the  formula,  12C  +  36(h-^),  which  is  based  on  the 

fact  that  72  parts  by  weight  of  air .  represent  16  of       g*^^^;.  ^^^^7^^^^^ 
air  theoretically  necessary  is  therefore  12  times  that  of  the  carbon  +  36  times 
that  of  the  hydrogen,  less  |  that  of  any  oxygen  that  may  be  present  m  the 
fuel  itself.    If  the  unit  employed  be  1  B),  we  may  obtain  the  volume  o 
a^at  32°  F  by  multiplying  the  weight  of  air,  obtained  by  the  formula,  by 
19-844  tills  fiLe  being  the  volume  which  1  H)  of  air  occupies '  m  cubic 
fVet  at'  that  tempe-tur^-    In  actual  practice,  from  half  as  much  agaui 
twice  this  theoretical  quantity  of  air  is  found  necessary.    Tlnis,  1  lb 
coal  requires  300  cubic  feet  of  air,  and  1  Bi  of  dry  wood  ^eeds  160 
•     Most  English  grates  consume  8  lb  of  coal  m  an  hour :  th^^  ineans  .40U 
rubic  feet  hourlv,  but  in  actual  practice  something  like  20,000,  or  e^eii 
40  000  cLl  eet  of  air  pass  up  the  chimney  ;  in  which  case,  supposing  the 
'oom  contains  4000  cubic'feet  ll  space,  the  air  in  it  gets  cl-nged  f^om  5  to 
10  times  in  the  hour  according  to  the  strength  of  the  fire.    If  ^he  mcoim^^^^ 
air  weie  warm,  this  liberal  vei^ilation  would  be  excellent  but,  «rtu^^^^ 
it  rarely  is  so.'but  is  in  the  main  quite  cold,  finding  entrance  thiough  the 
-     floor,  or  by  chinks  round  the  windows  or  beneath  the  door 

If  the  whole  of  the  heat  generated  in  the  combustion  of  coal  ^^ere 


FIREPLACES.  241 

Utilised  1  lb  would  suffice  to  raise  a  room,  20  feet  square  by  12  feet  lush 
10  F.  above  the  temperature  of  the  outer  air,  that  is,  makin^  no  alWnJ; 
or  loss  by  ventJation  and  conduction.    To  save  some  of  the  W  rarX' 

''i^.JZ^lS-''-'^  obJec^^yTan? 


Fig.  21. 


^hape  of  the  stove  so  thafits  coverinL       "^^^T^^  regulating 
the  back  of  the  grate,  ofbt  nTkW?^^      '''f'''^         ^^Slelf  135° 
material  which,  while  havin"  a  hgb  %  t?^^''      "'"^^^  Po^^i^e 
"ductor  of  heat.    Referencl  tn  n  P*^^^^^'       but  a  poor 

account  should  be  made  Js  ^iT    ^        ^^icate  tlxat  fireplacei  on 
made  as  far  as  possible  of  fire-brick,  and  the. 

Q 
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omonnt  of  metal  about  them  reduced  to  a  minimum.  Several  grates  im- 
amount  ot  ^f^^;  ^he  market,  more  particularly  some 

s:\rCitot~^^      ^^--^  ^^^-^^^^ 

»GalT(L  21)^"^^^^^^^  S  mlu,.,  barracks,  is  a  very  go^ 
f  this  oS  of  fli-e-™te.    Boyd's  Hygiastic  gi-ate  is  anote  oon- 

opening  just  above  the  Are  under  «l«     ^  important 

jStb:\rrK«^5;t^^^^ 

over  any  iron  surfaee  whcl>  is  heated  to  a  ^  '5;;™=  „„a  fte 
^  »i:J  a=p^t:^bon  d..^^^^  ^by  the  re«.J 

Will  pass  out  through  the  red-hot  metal  f  f  ^^^^^^^         J^.^ch  is  piled 

tion  grates,"  leaving  solid  floors,  are  ^^l^^f^^  ^'i^  p^t  where  the  cuirent  , 

:F:Krs%rtoMTrr» 

at  the  top,  and  graduaUy  burns  ^ownWs  ^j^^  . 

In  some  other  grates,  economy  of  ^^^^      ^'^^^^^^^  part  in  the 

amount  of  -  carri^J^^P  t/:rZXZ\l^tJly  naUing  the 
combustion  ^^^^^  but  care  needs  to       taken  that  the  proper  pro- 

.chimney  and  Its  o^^^^^' ^^'^^f/''!''^^^^^  are  maintained,  so  that  the 
portions  of  the  chimney  and  its  openings  are  ^     apparatus  corn- 

efficiency  of  the  fireplace   as  ^/^^^^^f  ^^^^^  that  ^the 

bined,  is  not  interfered  with.    To  secure  tms  iio  C. 

temperature  of  the  air  in  the  ^^^Y  e  slk  sWd  not  issue  from  a 
above  that  of  the  outer  air,  and  ^^at  the  smoke  snom  ^^^^^  ^^^^ 

chimney  at  a  greater  ^  ^^^f  ^^^^  chimi^ey  itself, 

orifice  of  the  chimney  should  f  of  the  chimney  flues 

L'^i^&t:^-  ''HeraHdinary  open  iireplace 

used. 


Capacity  of  room  in 
cubic  feet.  | 

Volume  of  air  to  be 
removed  by  the  chimney 
each  hour  in  cubic  feet. 

Sectional  area  of  the 
rectangular  chimney  in 
square  feet. 

Diameter  of  cylindrical 
chimney  in  feet. 

3,500 
4,200 
5,300 
6,350 
7,750 
9,200 
10,600 



17,500 
21,000 
26,500 
31,750 
38,750 
46,000 
53,000 

0-  99 

1-  19 
1-48 

1-  78 

2-  17 
2-57 
2-97 

0-88 

0-  98 

1-  08 
1-21 
1-31 
1-44 
1-54 
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For  ventilating  grates,  Morin  recommends  the  following  proportions  :- 


Capacity  of  room  in 
cubic  feet. 

Volume  of  air  to  be 
supplied  per  hour  in 
cubic  feet. 

Sectional  area 
of  chimney  flue  in 
square  feet. 

Sectional  area  of  duct 
for  fresh  air  in 
square  feet. 

3,500 
4,200 
5,300 
6,350 
7,750 
9,200 
10,600 

17,500 
21,000 
26,.'i00 
31,750 
••<8,750 
4«,000 
53,000 

0-54 
6-60 
0-81 

0-  97 

1-  20 
1-40 
1-60 

1-5 

1-  8 

2-  3 

2-  7 

3-  3 

3-  9 

4-  6 

of  which  are  on  a  k,TwS  th/fll;       1  '  "J™  "  P^'e.  *<>  boK 

below  by  a  s^nJoTltl^s^^i!^,  ^i^a  'LS'."'  '°  'i"  -f'-^" 
separate  bars  of  iron  arraS«rl  i„  fj,,    „f  .         composed  either  of 

The  heat  from  the  Cis^ie^  ^1  a  m  te^a^^an^ 
beneath  It,  while  the  low  position  of  the  hre  ™Tth™i  ."^''i?''!-"^ 
given  to  the  sides  and  back  of  the  <rrX  ^^V^  j?^^  ^^g^^of  inclination 
effectually  than  in  the  ordin^y  open  t;pW     -  ^""^  "^^^'^^ 


The  sides  and  top  of 


Fig.  23. 

"to  anair-chambef  intrXh  hv    .      '        'l'^'.'  °f  ^^-^  «tove 

'llowed  to  enter     Th^  'i^t^^^^^  opening  at  the  bottom,  fresh  air  is 

r'"-med  by  the  parallel  nlntpl  f^^^   the  various  compartments 

I'ening  into  the  mr^  f  \  is  warmed,  and  escapes  at  the  top  by  an 
'  ^e«-f  coi  n LgT^^^  ''''  ''''''"^  being^oo'llry 

'  evaporates,  and  ^         T^^^  ^hese  grates,  where 

I'ese 'stoves,'  en  ZenTJ  I"  t'T  ^3  represen 

bemg  intended  to  fit  into  an  ordinary  chimnev  recess 
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while  the  other  stands  forward  into  the  room.  At  back  of  the  grate  i^ 
a  series  of  louvres,  by  opening  or  closing  which,  a  S'^^-t^  ^^^^^^  ^^^"^^^ 
n^n  hp  f.rPited  according  to  the  amount  of  combustion  required. 

cLsed  ri^^^^^^  ^i^H^lest  definition  of  a  stove  is  that  of  a 

chambTco— dto  disseminate  heat  by  the  direct  ^ont..t  f^^^^^^^^^ 

t  ep  odncts  of  that  combustion  escaping  by  the  chimney  or  smoke  flue, 
is  often  greater  than  is  reqrmed    ^^'^^  f^^f^^^^^^^  appropriate 

ventilation,  the  eorreBpondmg  .'^^''^^  fj^^l  iZt^  ^^Ti  S,  ■.  .Inhk 
e*uMed.  J>- ■7\:™e'o-03Vt  tl  X?  1- than  a. 

foot  of  air  at  68    -t-  ^\eigns  uuoi      ,  nrnduces  the  same  rise  of 

equal  bulk  of  clay  ;  the  "I  sp  clt  heT  oT         being  about 

temperature  in  equal  masses  of  both,  tJ^^^P^ff  ^  ^o  raise  1680  cubic 

one-fourth  that  of  water.    The  heat  ^^^^^^f  1.^' 'he  ^uter  air,  wiH  be 
feet  of  air  to  the  desired  temperature  or  ^   ^^ove  the  ou^^     ^,  ^ 

sufficient  to  produce  the  f  ./^^^  .^rms  the  a'r  in  contact  with  it,. 

,     .       1    ^  -  as  giving  the  volume  ot 

whence  we  obtain  the  formula,  '^  =  X680Cr^)  " 

fire-clay  corresponding  an  unpleasant 

Iron  stoves  are  «  ten  objectionable,  becau  e  the   oc  ^^i^^^^  ^^^^ 

smell,  and  produce  headaches^  J.^V."  Si  ved  to  become  red-hot  and 
want  of  attention,  some  part  of  the  stoA  e  ib  charred  ;  often  a 

the  dust  particles  in  the  air,  coming  m  contac^^^^^^^^^^  it  -e  c  ,^  ^ 

slight  smell  comes  from  the  iron  itse  ^^l^'  J  monoxide  and 
fact  that  iron,  when  red  hot,  l^^^^*^^^^^^^^^^^  ^  stove,  the  air  becomes- 
other  gases  through  it.  If  l^'^^^^^^' ^^'Zstnve  commensurate  with  its- 
heated  without  acquiring  an  amount  "1°'^^^^ 

Increased  temperature,  and  is  ^^^^^^^^roun^^  directly  by 
In  stoves  of  the  simplest  construction  n^ymoteM  in  the  room, 

,  Sir?^ti^;riettsSc.^^ 
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these  are  filled  with  water,  and 
between  them.    The  products  of  combustion  are 

are  stoves  specially  constructed  for 


a  square  foot  of  sheet  iron,  freely  exposed  to  the  air,  will  yield  about  200 
heat  units  per  hour;  a  square  foot  of  cast  iron  500;  and  bricks  or  tiles 
fths  of  an  inch  in  thickness,  ISO  units,  supposing  the  fuel  to  be  consumed 
in  such  a  manner  as  to  yield  in  each  case  0*8  of  its  heating  power. 

The  Meidingen  stove  is  a  slow-combustion  stove  much  used  in  Germany  : 
it  consists  of  an  inner  cylinder  with  fluted  rings  enclosed  in  a  double  casing, 
through  which  the  outer  air  can  be  j)assed  and  Avarmed  before  entering  the 
room.  A  door  fixed  in  the  grate  regulates  the  draught  and  the  rapidity  of 
combustion. 

Saxon  Snell's  stove  has  a  small  boiler  placed  beliind  the  grate,  which 
<jonmiunicates  with  a  series  of  iron  -piTpes  : 
air  admitted  to  the  room 
carried  off  by  a  flue. 

What  are  called  American  stoves, 
burning  anthracite  coal,  Avhich 
does  not  burn  freely  in  any 
open  grate,  in  consequence  of 
the  cooling  action  exerted  by 
the  large  quantity  of  air  neces- 
sarily admitted  to  the  fuel. 
So  liable  is  anthracite  coal  to 
be  extinguished  by  sudden  cool- 
ing, that  it  is  found  more  ad- 
visable to  feed  the  fire  from 
above  than  from  the  side  by  a 
fire  door,  as  in  ordinary  stoves  ; 
hence  these  American  stoves  are 
of  j)eculiar  construction.  In 
jSTott's  stoves,  the  grate  bars  are 
curved,  so  as  to  form  together 
three  parts  of  a  cylinder,  and 
firmly  attached  to  side  plates,  so 
that  the  whole  gTate  can  be 
moved  by  a  handle  outside  the 
stove,  round  an  axis  to  which 
the  side  plates  are  fixed.  One- 
third  of  the  convex  side  of  the 
grate  cylinder  is  required  as  a 
support  for  the  fuel ;  by  means 
<3f  the  handle,  the  other  two- 
thirds  can  be  alternately  brought 
to  occujjy  its  position,  and  by 
this  rotating  motion  the  ashes 
Spoor's  stove,  also  much  used 


Fig.  24. 


are  caused  to  fall 
in  America,  the  hot 


through 


the  bars.  In 

,         —  „         are  made  to 

traverse  the  sides  of  the  stove  in  an  upward  and  downward  direction 
before  escaping  into  the  chimney.  Olney's  stove  is  very  similar  to  Nott's, 
except  that  the  escape  for  the  gases  is  confined  to  one  aperture,  whilst 
in  iJfott's  there  are  two,  at  different  elevations. 

In  some  stoves,  the  heating  surface  is  surrounded  by  an  outer  casing 
open  at  the  top  and  bottom,  through  which  tlie  air  of  the  chamber  or  air 
from  the  outside  is  caused  to  circulate  and  become  warmed  in  its  ascent, 
rhese  arrangements  are  often  called  cockle  stoves  :  large  stoves  on  this  ])lan 
used  on  the  Continent  are  known  as  calori/eres. 

The  stove  introduced  by  the  late  Mr  Napier  (fig.  24)  is  designed  to 
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eponomise  solid  fuel,  and  has  arrangements  by  wliich  the  hot  gases  are  made 
to  descend  before  entering  the  chimney.  This  principle  of  conducting  the 
gases  downwards  before  they  are  allowed  to  escape  is  scientifically  correct 
because  the  heavier  or  cooler  gases  escape  first,  the  hotter  gases  being  kept 
longer  in  contact  with  the  radiating  surfaces  of  the  stove  :  better  diffusion 
of  the  hot  gases  is  also  obtained  in  this  way.  Experiments  made  with  this 
stove  show  that  one  having  24  square  feet  of  heating  surface,  m  a  room  oi 
5000  cubic  feet,  by  burning  1  ft  of  coke  hourly  for  ten  hours  a  day,  kept 
the  room  as  fresh  as,  and  hotter  than  30  lb  of  the  same  coke  burned  m 
either  an  American  stove,  or  iO  ft  of  good  coal  burning  hourly  m  an  ordinary 

"^'^GarStoves.— The  use  of  appliances  employing  iUummating  gas  as  fuel 
in  heating  and  cooking  has  largely  increased  of  late  years,  several  exhibitions 
of  such  appliances  having  greatly  stimulated  the  introduction  of  improved 
forms  Gas  stoves  without  chimneys,  that  is,  those  from  which  the  pro- 
ducts of  combustion  are  aUowed  to  escape  into  the  air  of  the  room  wluch  is 
beincr  heated,  are  obviously  fundamentally  wrong,  and  are  only  used  where 
health  is  sacrificed  to  economy  of  gas.  Under  certain  _  circumstances,  gas  is 
a  more  economical  fuel  than  coal :  where  heat  is  required  quickly  and  only 
for  a  short  time,  the  waste  which  necessarily  accompanies  the  hghtmg  ot  a 
coal  fire  is  far  more  than  equivalent  to  the  higher  cost  of  the  gas.  iii 
reference  to  this  aspect  of  the  question,  the  foUowmg  experiments  are  ot 
Interest,  particularly  as  they  indicate  that  a  gallon  of  water  may  be  more 
econom  ciuy  brought  to  the  boiling  point  by  a  gas  stove  than  by  a  recently 


Coal  used. 

Wood  used. 

Time  employed. 

Total  cost. 

With  fire,  . 
With  gas,  . 

4i  ft. 
4-5  cubic  feet  of  gas 

^d.  worth, 
at  3s.  2d.  per  1000. 

5&  minutes. 
21  minutes. 

^  of  Id. 
^  of  Id. 

There  is,  therefore,  according  to  this  estimate  an  econoniy  lu  co..  j^^u 
33  per  cent.,  and  a  saving  in  time  of  nearly  two-thirds,  besides  great  cleanh- 
npss  and  comfort,  in  the  use  of  gas. 

Speakinc  generaUy,  there  may  be  said  to  be  four  conimon  forms  of  gas 
stove^ilTnexal  use:  these  are  (1)  coke  and  asbestos  or  hollow  baU  refrac- 
tory f"el  stoves,  (2)  reflector  stoves,  (3)  condensing  stoves,  (4)  calongen 

'^'''^Stoves  fitted  with  coke,  asbestos  fibre,  common  peroxide  of  manganese, 
oumi  e  stone  and  fire-brick,  and  lighted  by  Bunsen  burners  are  relatively 

owing  to  the  fact  that  the  fuel  is  ^^-^^^t^'''^^^^^ 
close  resemblance  to  the  glow  of  an  ordinary  coal  fire.    These  sto^  es  y,elcl 
rilant  heat  only  as  a  rule,  though  a  few  .;u.  made  jfl  f^^^^f^ 
chambers  to  give  off  heated  currents  of  air.    They  aie,  in  the  ii^a^^' oOo<^ 
to^s,  iut  som  extravagant  as  gas  consumers, 

flue  to  carry  off  the  products  of  combustion  and  which  as  well  t^l^^s  nmch 
of  the  heat'which  tlley  P-luce  as  so  --^--tbic^e"   J^as^t^  h^^^^ 

'"'SLr^trhave  usually  a  naked  gas  flame,  backed  by  a  glass  or 
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metal  reflector.  They  are  bright  and  cheerful  looking,  but  give  out  little 
heat,  and  unless  provided  with  a  flue — which  more  often  than  not  is  not 
provided — very  consideraljly  add  to  the  vitiation  of  the  air! 

Condensing  stoves  are  those  so  constructed  that  the  water  vapour,  which 
is  one  of  the  ijroducts  of  gas  combustion,  is  condensed  by  passing  through 
upright  tubes,  and  then  caught  in  a  tray  beneath.  This  condensed  A-^apour 
naturally  carries  down  with  it  some  if  not  all  the  suljihur  products,  but 
fails  to  remove  any  of  the  carbon  dioxide  which,  notwithstanding  all 
statements  to  the  contrary,  really  escapes  into  the  room.  For  this  reason, 
these  stoves  always  require  a  flue ;  unfortunately,  their  heating  powers  are 
small. 

The  essential  defects  of  all  the  tlaree  preceding  forms  of  gas  stoves  are  a 
disproportionately  low  amount  of  heat  gained  as  compared  with  the  high 
expenditure  of  gas,  due 
mainly  to  a  failure  to 
rob  the  products  of 
combustion  of  their  heat 
before  they  escape  out 
of  the  stove  in  as  large 
a  degree  as  is  consistent 
with  ensuring  their 
escape  from  it.  It  is 
at  once  obvious  that 
this  can  be  most  effect- 
ively secured  by  bring- 
ing the  heated  combus- 
tion products  into 
contact  Avith  a  large 
metallic  area,  so  ar- 
ranged that  the  heat 
Avhich  it  absorbs  shall 
be  given  off  either  by 
direct  radiation,  or  by 
the  conductinginfluence 
of  air-currents  flowing 
over  it.  Of  stoves 
which  provide  luminous 
flames,  or  a  source  of 
radiant  heat  as  well  as 
a  supply  of  fresh  heated 
air,  those  of  Adams  and 
Fletcher  may  be  taken 
as  examples  :  while  of  the  numerous  stoves  which  merely  sujDply  heated 
air,  those  of  George  and  Bond  will  serve  as  specimens. 

In  Adams'  stove  (fig.  25)  a  mixture  of  gas  and  air  is  burned  in  a  series 
of  fire-clay  burners.  These  are  arranged  upon  a  tray,  which  is  drawn 
forward  for  lighting  :  in  a  short  time  the  burners  become  red  hot,  and  a 
small  supply  of  gas  then  suffices.  The  heated  products  of  combustion  are 
passed  over  a  large  surface  formed  by  sheet-iron  partitions,  the  other  side  of 
which  is  traversed  by  the  air  which  is  being  heated  :  a  certain  amount  of 
radiation  also  takes  place  from  the  red-hot  brick  burners.  The  waste  hot 
gases  escape  by  a  chimney  at  about  240°  V.,  while  a  supply  of  fresh  air  is 
drawn  m  and  rapidly  heated  to  180°  Y.  at  a  rate  of  about  200  cubic  feet  per 
cubic  foot  of  gas  burned  per  hour. 


Eig.  25. 
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In  Fletcher's  gas  stove  use  is  made  of  simple  illuminating  flames  from 
ordinary  burners  for  the  supply  of  radiant  heat ;  the  hot  combustion  pro- 
ducts ascend  in  contact  with  vertical  tubes,  which  are  thus  heated,  and 
induce  a  current  of  air  through  them,  the  air  being  delivered  heated  at  the 
top  (fig.  26). 

In  George's  Calorigen  stove  the  body  is  made  of  rolled  iron,  and  contains 
a  coil  of  wrought-iron  tubing  open  at  the  top.  This  at  its  lower  end  is 
carried  through  the  outer  wall,  either  above  or  below  the  floor,  to  a  point 
from  which  an  appropriate  supply  of  fresh  air  can  be  obtained.  The 
cylindrical  metal  body  of  the  stove  has  connected  Avith  it  two  pipes,  one,  an 
upper  one,  for  carrying  away  the  products  of  combustion  into  the  outer  air, 
while  the  lower  one  brings  in  fresh  air  to  support  combustion.  The  action 
of  the  stove  is  simple  :  the  heated  combustion  products  not  only  heat  the 
■  outer  metal  case,  and  through  it  the  air  in  contact  with  it,  but  also  heat 
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Fig.  26. 


Fie.  27. 


the  current  of  air  constantly  passing  up  thi-ough  the  coiled  tube  into  the 


room 


Bond's  Euthermic  stove  (fig.  27)  consists  of  a  corrugated  ^^^t^l  ^J;}^^^^^^ 
which  as  in  George's  Calorigen,  constitutes  the  stove  body  :  above  this,  it 
SesTnto  a  fluefor  the  e^^^^^^^  of  the  combustion  products,  « 

mssa^  hrough  the  stove  to  escape  into  the  room.    The  corrugation  of  he 
vHnder  secures  not  only  an  increased  superficial  surface  for  the  heated 
Soducts  Tf  combustion  to  yield  their  heat  into  the  ^oom  direct  from  th 
Tter  surface  of  the  corrugation,  but  also  from  the  inner  surface  of  the  con 

nnClt,1h:trhlicis  perhaps  l-f^-MY  on  ^t 
of  its  open  bottom  tendering  it  a  true  ventilating  agent,  inasmuch  as  the  air 
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aieeded  for  the  gas  combustion  lias  to  be  drawn  from  the  room  itself,  and  by 
:that  means  favours  a  continuous  change  of  air  through  it.  This  is  not  well 
^secured  in  the  others,  all  movement  of  air  through  the  tubes  being  largely 
•dependent  upon  the  conditions  which  exist  in  the  room  for  allowing  air  into 
and  out  of  them,  and  is  but  slightly  influenced  by  the  pure  and  simple 
action  of  the  stoves  themselves. 

For  supplying  the  gas  which  is  now  usually  supplied  to  gas  stoves,  use  is 
made  of  so-called  atmospheric  burners  constructed  on  the  same  principle  as 
Bunsen  burners.  From  the  supply  pipe  the  gas  passes  by  a  nozzle  into  a 
small  chamber  provided  with  perforations  behind  the  nozzle,  through  which 
■air  passes.  The  air  and  gas  mix,  and,  escaping  by  the  jets,  on  ignition 
burn  with  a  non-luminous,  faintly  blue,  smokeless,  but  extremely  hot  flame. 
If  the  supply  of  gas  be  too  small,  it  burns  at  the  nozzle,  producing  an  easily 
a-ecognised  odour  of  half-burnt  gas.  This  "  burning  down "  always  occurs 
if  the  gas  is  turned  too  low,  or  when  the  gas  is  exposed  to  a  sudden  draught. 
It  constitutes  a  serious  drawbaclv  to  the  use  of  gas  fires.  If  by  chance 
burning  back  occurs,  the  gas  should  be  turned  off  completely  and  re-lighted 
at  the  proper  opening.  Many  atmospheric  burners  are  now  made  with 
devices  for  preventing  the  lighting  back,  one  of  the  best  being  to  cover  the 
•openings  at  which  the  gas  burns  with  fine  Avire  gauze. 

Oil  Stoves. — Under  some  circumstances  the  use  of  oil  stoves,  such  as 
those  made  by  Eippingille,  afibrds  a  convenient  means  of  heating  apart- 
ments. This  is  a  matter  of  great  practical  importance  often  in  country 
jJaces,  and  where  no  chimneys  are  available  to  carry  off  the  products  of 
combustion.  The  problem  how  to  make  a  stove  that  shall  not  require  a 
flue  is  one  that  has  occupied  the  minds  of  many  inventors,  and  although  it 
js  easy  to  say  that  so  long  as  carbon  dioxide  is  one  of  the  products  of  com- 
bustion the  thing  is  impossible,  there  is  a  good  deal  of  experience  to  show 
that  a  considerable  degi-ee  of  heat  maybe  safely  obtained  from  the  com- 
bustion of  hydrocarbons,  without  any  other  flue  or  outlet  than  is  required 
for  the  removal  of  the  products  of  respiration  of  those  who  dwell  in  the 
room.  We  do  not  think  that  the  experience  has  yet  been  accumulated 
which  Avould  enable  us  to  speak  positively  of  the  innocuousness  of  a  con- 
siderable admixture  of  carbonic  acid  with  the  air  we  breathe,  but  the 
knowledge  that  in  hundreds  of  cases  oil  stoves  are  used  for  heating  living- 
rooms  and  even  bed-rooms  without  apparent  injury  to  the  occupants,  makes 
«ne  feel  fairly  confident  that  the  products  of  the  complete  combustion  of 
hydrocarbons  are  not  injurious  when  mixed  with  such  an  amount  of  air  as 
is  sufficient  to  dilute  to  a  proper  degree  the  respiratory  products. 

It  has  elsewhere  been  explained  that  anything  over  0-6  of  CO2  per  1000 
of  air  may  be  taken  as  indicating  concomitant  and  hurtful  organic  impurity 
of  the  atmosphere  of  dwelling-rooms,  but  that  is  so,  mainly  on  the  assump- 
tion that  the  carbon  dioxide  is  the  product  of  animal  respiration.  It  is 
probable  that  this  permissible  limit  of  carbon  dioxide  does  not  apply  with 
the  same  force  to  cases  in  Avhicli  it  is  formed  by  lamps  and  stoves.  At 
present  we  have  no  very  complete  data  as  to  the  exact  proportion  of  carbon 
<lioxide  which  it  is  safe  to  breathe  for  long  periods,  but  the  probabilities 
are  that  danger  does  not  arise  until  a  far  larger  ratio  is  reached  than  would 
be  produced  by  an  oil  stove  warming  a  room  in  which  there  is  sufficient 
ventilation  to  keep  it  sweet,  even  if  no  stove  were  present. 

llxperiments  show  that,  provided  the  combustion  of  the  oil  is  complete, 
and  that  the  ventilation  is  sufficient  for  the  ordinary  effects  of  respiration, 
xne  use  of  oil  stov«s  for  heating  purposes  may  be  advantageously  employed 
m  both  ordinary  day  and  sleeping  rooms.    The  efficiency  of  oil  stoves  is 
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increased  by  placing  over  them  a  diffuser  or  radiator,  so  as  to  prevent  the 
heated  products  ascending  direct  to  the  ceiling  :  care  needs  also  to  be  taken 
that  only  the  better  kinds  of  mineral  oil  are  used ;  if  inferior  qualities  of  oil 
are  burnt,  perfect  combustion  is  more  difficult  to  obtain. 

Heating  by  Means  of  Hot  Air.— When  want  of  space  or  other  con- 
siderations render  it  desirable  to  remove  stoves  or  fires  away  from  the  rooms 
to  be  heated,  the  necessary  quantity  of  air  can  be  warmed  in  another  part  of 
the  building,  and  conducted  by  air  flues  into  the  different  rooms  or  passages. 
This  arrangement  is  eminently  suitable  for  large  public  buildings.  When 
the  supply  of  heated  air  is  abundant,  and  is  transmitted  to  the  apartments 
with  some  force  by  means  of  fans,  no  extra  outlet  for  the  vitiated  air  is 
necessary,  sufficient  ventilation  being  afforded,  in  small  rooms  and  not 
overcrowded  with  inmates,  by  the  unavoidable  cracks  and  crevices  around 
doors  and  windows.    If,  however,  the  rooms  are  at  aU  crowded,  special 
means  of  ventilation  must  be  provided.    With  a  view  to  economise  the 
heat  of  the  air,  wliich  has  already  circulated  once  through  the  apartments, 
two  methods  have  been  proposed:  one  consists  in  reconducting  the  air 
to  the  heating  surface  of  the  stove,  and  again  transmitting  it  to  the  spaces 
to  be  warmed;  the  other  conducts  the  used  air  to  the  ash-pit  of  the  stove 
to  supply  oxygen  for  combustion,  when  the  higher  temperature,  as  compared 
with  the  external  atmosphere,  which  it  still  retains,  will  more  than  com- 
pensate for  the  lesser  proportion  of  oxygen  which  it  affords. 

Supposing  that  proper  ventilation  can  be  kept  up  m  the  rooms  by  means 
of  door.s  and  windows,  the  first  method  is  obviously  advantageous,  as  the 
warm  air  streaming  in  will  force  out  that  already  in  the  room,  and  thus- 
produce  a  condition  of  affairs  in  wlrich  the  natural  tendency  of  the  outer  au- 
to force  its  way  through  crevices  with  all  its  attendant  disadvantages  will 
cease.  The  methods  of  heating  by  hot  air  are  not  desirable  for  buildings  in 
which  the  number  of  rooms  heated  varies,  because  the  proper  relation 
between  the  dimensions  of  the  heat  generating  stoves  and  the  ^^^PPly 
air  cannot  be  easily  apportioned  to  meet  a  fluctuating  demand.  On  tlie  othei 
hand,  this  mamrei'  of  heating  is  economical,  as  only  one  stove  re^W 
and  ts  fuel  more  completely  consumed  than  if  the  same  quantity  were- 
dSributed  in  separate  stoves,  while  there  is  the  urther  advantage  of  a 
uniform  and  equable  heat  proceeding  from  the  floor  level. 

The  actual  generating  hot-air  stoves  are  constructed  accordmg  to  either 
of  two  systems.^  In  one,  the  smoke  and  hot  gases  ^^^-^  ^^^^f  ^^^^f 
circulate  in  an  extensive  series  of  stoneware  or  metaUic  flues,  and  the  ai 
The  tarmed,  supplied  from  the  outside  of  the  building,  -  -ndu^^^^^^^^^^ 
these  flues,  where  it  absorbs  heat.    In  the  other,  tbe  air  to    e  hea^^ed  is 
conducted  through  metallic  or  stoneware  pipes,  round  ^Mi  the  flame  and 
smoke  of  a  fire  are  allowed  to  play.    In  ^^^^h  systems,  about   0  s^^^^^^^ 
of  heating  surface  per  pound  of  coal  consumed  is  found  practicaUy  to  work 
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the  chimney,  fire-brick  slabs  are  placed  across  the  fire  space  and  form  a  roof 
to  the  combustion  chamber,  or  baffle  plate  to  the  flames.  Security  against 
overheating  is  obtained  by  having  the  proportion  of  heating  to  grate  surface 
as  large  as  100  to  1.  In  the  Manchester  Eoyal  Exchange,  where  the  space 
is  1,500,000  cubic  feet,  a  uniform  temperature  of  50°  to  56°  F.  is  maintained 
by  two  of  these  stoves  with  an  expenditure  of  only  2^  cwts.  of  coke  in  the 
twenty-four  hours.  The  arrangement  is  very  simple  :  fresh  air  is  drawn 
from  the  top  of  the  building  domi  a  shaft,  6  feet  square,  through  a  cold 
•hamber  at  the  bottom,  in  which  it  is 
rtltered,  and  is  then  passed  through  the 
warming  chamber  to  two  flues  which 
the  full  length  of  the  hall,  with 


cun 

branch  flues  into  the  plinths  of  the 
■olumns,  from  which  the  warm  air  is 
lelivered. 

In  the  Arlington  .Baths,  GlasgoAv, 
md     the     Llandudno  Hydropathic 
Establishment  the  use  of  these  stoves 
or  supjjlying  hot  air  has  been  equally 
atisfactory :   in  the  former  place  the 
'cubic  capacity  of  the  hot  and  hottest 
oomsis  17,700  feet,  giving  a  proportion 
)f  1  square  foot  of  cast-iron  heating  surface 
11  the  stoves  to  about  23-8  cubic  feet  of 
ontained  space.    The  heating  and  ventilation  of  these  rooms  is  obtained  by 
consumption  of  from  48  to  60  cwts.  of  gas.  coke  per  week  of  fifty-five  hours  " 
Heating  by  Water  and  Steam.— Both  water  and  steam  are  often  used 
s  means  of  carrying  heat,  in  consequence  of  the  high  specific  heat  of  tlm 
ormer,  and  the  large  quantity  of  latent  heat  in  the  latter.    The  quantities. 
t  heat  contained  m  equal  weights  of  water  and  air  at  the  same  temperature 
re  in  the  ratio  of  421  to  100:  or  the  heat  which  is  set  free  when  water 
uols  down  one  hundred  degrees  is  sufficient  to  raise  the  temperature  of  4-21 
ones  as  much  air  to  the  same  amount.    Therefore,  the  heat  destined  for  a 
riven  quantity  of  air  can  be  retained  in  a  much  less  quantity  of  water 
I'urtlier,  a  greater  effect  is  produced  when  water,  in  the  form  of  steam,  is. 
laade  the  carrier  of  heat,  because  1  K)  of  water  vapour  at  100°  C  (212°  F ) 
inU,  in  condensing  to  form  boiling  water,  give  off  sufficient  heat  to  raise  the 
Emperature  of  5-36  lb  of  water,  or  4-21  x  5-36  =  22-5  K)  of  air  raised  to  100° 
or  212  F. 

Heating  by  hot-water  pipes  is  either  conducted  on  the  so-called  low- 
vxessure  system,  or  on  Perkins'  high-pressure  principle.  In  a  low-pressure 
L'ater  system,  the  pipes  are  about  4  inches  in  diameter,  and  arranged  in  a 
•iouble  row  to  allow  of  the  water  circulating.  The  boiler  in  connection  with 
t  IS  commonly  placed  in  the  basement  of  the  building,  and  from  its  upper 
art  runs  a  main  pipe,  ending  in  branches,  which  extend  to  the  furthest 
P'M  ot  the  building :  these  then  return  underneath  the  others,  unite  into 
•aotlier  single  pipe,  and  then  re-enter  the  boiler  at  its  bottom.  The  circula- 
-iXf  i  ^^t^''''  IS  dependent  upon  the  water,  after  being  heated,  being 
■Jghter  than  when  cold,  and  as  such  tending  to  rise  to  a  higher  level :  this" 
•  inp  ^'^  ^^f  ,     *  *°        various  rooms,  returns  cooled  by  the  lower 

ad  Pin    1    f  !  1''!''''      controlled  by  a  valve  which  can  be  opened 

■,inP  fv'  v'''-  ,  ^''^'^  P'l'*^  ^''""^  ^  ™PP^y  cistern  enters  the  return 
t  the  sy  t  ''  '  '  P^o^ided  at  the  highest  point 
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The  circulation  being  open  to  the  air  at  one  point,  the  highest  tempera- 
ture possible  at  or  near  the  top,  where  this  opening  is,  does  not  exceed  100 
C.  or  212°  F. :  at  the  deeper  portions  it  may  be  higher,  but  the  average 
temperature  in  a  low-pressure  circulation  rarely  exceeds  212 J^-  J-he 
calculation  of  the  flow  of  water  in  a  cn-culation  is  very  similar  to  that  of 
air    the  head  being  due  to  difference  of  densities  between  hot  and  co  d 
water     To  find  the  head  for  any  circulation,  tliis  latter  may  be  convenienUy 
dividk  into  foot  sections  by  horizontal  paraUel  planes,  one  foot  apart.  By 
mlasuring  the  temperature  of  the  flow  and  return  pipes  m  each  section,  the 
W  o  the  whole 'circulation  will  be  the  sum  of  the  differences  of  temper:, 
ture  of  corresponding  sections,  multiplied  by  the  co-ethcient  of  expansion  o 
water     The  average  temperature  in  the  flow  and  return  pipes  wdl  oe 
rtween  92°  F  and  212°  F.,  and  for  this  range  the  mean  co-efiicient  of 
exSon  of  water  is  0-000318,  hence  the  head  for  each  foot  section  = 
oSlS  (/-n.    If  the  total  sum  of  the  differences  of  temperature  is 
negative  it  is  evident  that  the  circulation  is  in  the  opposite  direction. 
Sever  small  the  head  may  be,  there  will  be  a  flow  of  some  sort,  pro- 
S  there^  a  continuous  diamrel  filled  with  water  from   he  boder  and 
ba  k  ac  aim    The  precise  velocity  of  flow  of  water  m  the  circula  ion  depends 
not  onfy  on  the  head  but  upon  the  resistance  of  the  whole  channel     I  s 
<^omDutation  is  subject  to  the  same  laws  as  those  governing  resistance  m  an- 
cSefs  bu   as    he  calculation  for  a  hot-water  system  would  be  very 
most  hol^water  engineers  work  empirically  from  known  successful 

wrought  iron  pipes  whose  internal  diameter  is  |  mch,  external  1^^  mcl  , 
■  ^rs^^c  ei^inti^^^   to  withstand  the  pressure  corresponding  to  very  Ingh 
iempTr"^  Thus,%he  pressure  of  steam,  or  the  pressrire  ^-quujd  to  p^^^^ 

vent  steam  forming  at  212°  F   is  14|  B>  per  TSfiaSow  iro  J' i^ 

«7      n,ifl  at  400°  F  it  is  250  1)  per  square  inch,    ihe  nan ow  iron  pipes 

pressure  water  pipes  ^^l^^^^Zl^^^^^  on  the  other  hand,  they  are 
fresh  water.  ■,       ^.  „f„o,ii  hp-\fA  much  more  effectively 
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ducted  to  suitable  condensing  pipes  or  tubes,  tliey  then  will  impart  the 
o-enerated  heat  to  the 


surrounding 


air.  The  pipes  destined  to  carry  the 
steam  to  the  place  of  condensation  are  chosen  of  narrow  bore  (about  1-5 
inch),  and,  to  avoid  all  condensation  in  transit,  are  surrounded  with  a  thick 
covering  of  felt :  the  condensing  pipes  are  of  copper  or  cast  iron,  and  at. 
least  four  times  as  wide,  and  must  be  so  arranged  that  the  air  can  escape 
when  the  steam  is  first  admitted.  Wliatever  form  is  given  to  the  apparatus,, 
ample  means  must  be  afforded  for  the  removal  of  the  condensed  Avater,  and 
a  special  set  of  pipes,  conducting  it  back  to  the  boiler,  is  generally  employed 
for  this  purpose.  One  of  the  best  modes  of  employing  steam  is  shown  in 
fig.  29.  There  is  only  one  pipe  tlirougli  which  the  steam  ascends  from  the 
boiler  and  also  one  extensive  coil  of 
pipe  by  which  the  condensed  water 
returns.  A  cock  should  be  shown  in 
tlie  drawing  at  the  top  of  the  pipe,  to 
allow  ak  to  escape.  When  placed  in 
the  place  to  be  heated,  this  apparatus 
practically  becomes  a  steam  stove.  If 
at  a  distance  and  surrounded  with  a 
case,  through  the  bottom  of  which  air 
enters,  the  warmed  air  may  be  trans 
mitted  to  a  higher  position.  If  the 
diameter  of  the  pipes  is  small,  the 
length  must  be  increased  in  projjortion 
to  aftbrd  a  sulBcient  heating  surface. 

A  question  of  very  practical  import- 
ance is  how  much  hot-water  piping  of 
given  external  diameter  is  necessary  for 
the  heating  of  a  gi^'en  room  or  series 
of  rooms.  The  answer  to  this  question 
depends  upon  a  large  number  of  con- 
ditions, more  especially  the  loss  of  heat 
by  conduction  through  the  walls  and 
windows,  as  weU  as  that  carried  away 
by  the  air  in  the  process  of  venti- 
lation. Much  of  our  information  on 
this  matter  is  due  to  Hood,  who  says, 
"The  quantity  of  air  to  be  warmed 
per  minute  in  habitable  rooms  and 
in  public  buildings  must  be  from  3-5  to  5  cubic  feet  for  each  person  the 
room  contains,  and  1-25  cubic  foot  for  each  square  foot  of  glass."  Accord- 
ing to  the  same  authority,  an  iron  pipe,  4  inches  in  external  diameter,  loses 
0-851  of  a  degree  of  heat  (Fahr.)  per  minute  (or  1°  F.  in  seventy  seconds) 
when  the  excess  of  its  temperature  is  125°  F.  above  that  of  the  surrounding 
air.  Hood  estimates  also  that  1  foot  of  a  4-inch  pipe  will  heat  222  cubic 
feet  of  air  1°  F.  per  minute  when  the  difference  of  temperature  of  pipe  and 
temperature  of  air  is  125°  F. 

Putting  it  in  another  way,  we  can  say  that  one  British  thermal  unit  will 
heat  50  cubic  feet  of  air  1°  F.,  and  that  the  amount  of  heat  given  off  from 
iron  pipes  containing  steam  or  hot  water  is  1-75  thermal  unit  per  hour  per 
square  foot  of  radiating  surface  for  each  Fahrenheit  degree  of  difi'erence 
between  the  temperature  of  the  pipe  and  that  of  the  surrounding  air. 
Hence,  to  find  the  number  of  square  feet  of  radiating  surface  required  to 
heat  a  given  supply  of  air  to  a  given  temperature,  multiply  the  number  of 


Fig.  29. 


254 


VENTILATION  AND  HEATING. 


•cubic  feet  of  air  per  hour  by  the  difference  between  the  temperature  of  the 
cold  air  supply  and  that  to  which  it  is  to  be  heated,  and  divide  it  by  50 : 
this  will  give  the  number  of  thermal  units  required  ;  then  dividing  these  by 
the  difference  between  the  temperature  of  the  radiating  surface  and  that  of 
the  surrounding  air  multiplied  by  1-75,  the  number  of  square  feet  of  surface 
required  will  be  found. 

Emmple. — A  room  receiving  6000  cubic  feet  of  air  per  hour  is  required  to  have  its 
temperature  raised  from  32°  F.  to  70°  F.  by  a  radiating  surface  wliose  temperature  is 
210°  F.    How  many  square  feet  of  radiating  surface  are  needed  to  do  tliis  work  ? 

Then  ^°°iiiM  =  4560  thermal  units,  and  _M^  =  18-6  s(iuare  feet. 
'       50  140x175 

This   calculation  does  not  allow  for   the   loss   from   windows  and 
walls. 

To  obtain  the  amount  of  radiating  surface  required  for  a  given  room,  and 
to  compensate  for  heat  lost  by  radiation  from  windows,  doors,  and  walls, 
Baldwin  and  J.  H.  Mills  give  the  following  rules :— Take  the  difference  in 
temperature  in  degrees  Fahrenheit  between  the  lowest  outside  temperature 
to  be  provided  for  and  the  temperature  at  which  the  room  is  to  be  kept,  and 
divide  it  by  the  difference  in  degrees  Fahrenheit  between  the  temperature 
of  the  pipes  and  the  temperature  at  which  the  room  is  to  be  kept.  Multiply 
the  quotient  thus  obtained  by  the  number  of  square  feet  of  glass  pliis  the 
number  of  square  yards  of  external  wall  surface  in  the  room,  and  the  pro- 
duct will  be  the  number  of  square  feet  of  radiating  surface  required. 

^j,r«rt»Ze.— Suppose  we  have  a  room,  containing  2000  cubic  feet,  with  36  square  feet  of 
window  glass  and  20  square  feet  of  external  wall  surface,  which  has  to  be  kept  at  70  F. 
when  the  outside  air  is  10°  below  zero,  the  temperature  of  the  radiating  surface  being 

210°  F.    Then,  —  x  56  =  32  square  feet  of  radiating  surface  required. 
140 

This  calculation  does  not  provide  for  any  leakage  of  air  through  crevices, 
or  for  any  change  of  air  by  ventilation.  To  make  allowance  for  this,  we 
must  make  the  additional  calculation  of  multiplying  the  number  of  cubit- 
feet  of  air  per  hour  by  the  number  of  degrees  Fahrenheit  Avhich  they  are  to 
be  heated  and  divide  the  product  by  12,500.  The  quotient  is  the  number 
of  square  feet  of  radiating  surface  required. 

Example  —Let  us  suppose  the  same  room  as  above,  only  that  the  air  is  to  be  changed 
three  times  an  hour 'to  provide  for  its  constant  occupancy  by  two  persons,  or  6000  cubic 
feet  of  air  must  be  delivered  hourly.  Then.  620^  =  38-4,  which,  added  to  32,  gives 
in  round  numbers  70  square  feet  of  radiating  surface  required. 

The  following  table,  from  Hood,  shows  the  length  of  4-inch  pipe  at 
900°  F  necessary  to  warm  1000  cubic  feet  of  air  at  varying  internal  and 
external  temperatures.  If  the  diameter  of  the  pipe  is  increased  in  any  ratio, 
the  length  required  will  be  reduced  in  the  same  ratio  ;  thus,  100  feet  of 
4-inch  pipe  can  be  replaced  by  ^  of  100  feet=133  feet  of  3-inch  pipe,  and 

°To  use  the  table,  find  in  the  first  column  the  temperature  of  the  outer 
air  and  at  the  top  of  one  of  the  other  columns  find  the  temperature  at 
which  the  room  is  to  be  maintained  :  then  in  this  latter  column,  and  on  the 
line  which  corresponds  with  the  external  temperature,  the  required  number 
of  felt  of  4-inch  pipe  at  200°  F.  will  be  found  which  will  lieat  1000  cubic 
feet  of  air  per  minute. 
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Temperature  of 


Temperature,  in  degrees  Fahrenheit,  at  which  the  room  is  required  to  be  kept. 


external  air. 

45°. 

50°. 

55°. 

60°. 

65°. 

70°. 

75°. 

80°. 

85°. 

90°. 

10°  Fahr. 

126 

150 

174 

200 

229 

259 

292 

328 

367 

409 

12°  „ 

119 

142 

166 

192 

220 

251 

283 

318 

357 

399 

14°  „ 

112 

135 

159 

184 

212 

242 

274 

309 

347 

388 

16°  „ 

105 

127 

151 

176 

204 

233 

265 

300 

387 

378 

18°  „ 

98 

120 

143 

168 

195 

225 

256 

290 

328 

368 

20°  „ 

91 

112 

135 

160 

187 

216 

247 

281 

318 

358 

22'  „ 

83 

105 

128 

152 

179 

207 

238 

271 

308 

347 

76 

97 

120 

144 

170 

199 

229 

262 

298 

337 

26°  „ 

69 

90 

112 

136 

162 

190 

220 

253 

288 

327 

28°  „ 

61 

82 

104 

128 

154 

181 

211 

243 

279 

317 

30°  „ 

54 

75 

97 

120 

145 

173 

202 

234 

269 

307 

32°  „ 

47 

67 

89 

112 

137 

164 

193 

225 

259 

296 

34°  „ 

40 

60 

81 

104 

129 

155 

184 

215 

249 

286 

36°  „ 

32 

52 

73 

96 

120 

147 

175 

206 

239 

276 

38  ,, 

25 

45 

66 

88 

112 

138 

166 

196 

230 

266 

40°  „ 

18 

37 

58 

80 

104 

129 

157 

187 

220 

255 

42° 

10 

30 

50 

72 

95 

121 

148 

178 

210 

245 

3 

22 

42 

64 

87 

112 

139 

168 

200 

235 

46°  „ 

15 

34 

56 

79 

103 

130 

159 

190 

225 

48°  „ 

7 

27 

48 

70 

95 

121 

150 

181 

214 

50°  „ 

19 

40 

62 

86 

112 

140 

IM 

204 

52°  „ 

11 

32 

54 

77 

103 

131 

161 

194 

If  the  high-pressure  system  is  employed,  the  necessary  area  of  pipe 
surface  is  very  much  reduced  in  consequence  of  the  higher  temperature 
which  is  reached.    The  length  of  pipe  required  can  be  usually  found  from 

the  formula,  ^-^ML^"!!)  =  L,  in  which  d  is  the  cubic  feet  of  air  to  be 

warmed  per  minute,  t'  is  the  temperature  to  be  obtained  in  the  room,  t  is 
the  temperature  of  the  outer  air,  D  is  the  external  diameter  of  the  pipe,  and 
T  the  temperature  of  the  pipes :  L  being  the  length  of  pipe  required. 

Artificial  Cooling  of  Air.— Any  consideration  of  the  subject  of  ventila- 
tion would  necessarily  be  incomplete  if  reference  were  not  made  to 
methods  for  cooling  the  air,  for  although,  in  this  country,  the  general 
problem  of  maintaining  the  air  of  an  inhabited  room  at  a  temperature  most 
suitable  for  its  occupants  involves  the  consideration  of  how  to  heat  the  air 
rather  than  to  cool  it,  still  there  are  countries  and  circumstances  in  which 
the  question  of  reducing  the  air  temperature  is  one  of  paramount  importance. 

The  simplest  method  to  adopt  for  preventing  direct  radiation  of  the  sun 
from  entering  rooms  is  to  shut  doors  and  windows,  and  cover  them  with 
either  blmds  or  louvre  shutters.  In  countries  like  India,  where  the  outside 
air  IS  often  excessively  dry,  it  can  be  cooled  by  being  made  to  pass  over  wet 
surfaces  of  linen  or  tatties  made  of  khus-khus  grass.  Some  years  ago,  it 
was  suggested  by  Jeffreys  to  supply  cooled  air  to  the  hospital  and  barracks 
at  Cawnpore  by  passing  the  air,  before  delivery  into  the  rooms,  through 
underground  channels.  This,  though  ingenious,  is  not  a  desirable  method, 
as  the  air  is  likely  to  be  fouled  in  its  passage  beneath  the  earth,  unless  very 
special  precautions  are  taken  to  keep  the  channels  dry  and  clean. 

Owing  to  the  development  of  a  demand  for  artificial  ice,  and  the  supply 
01  cold  air  in  ships  employed  for  the  carriage  of  meat,  a  considerable 
impetus  has  been  given  of  late  years  to  the  invention  of  machines  and 
methods  for  artificial  cooling.    Practically,  cold  can  be  produced  in  one  of 
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three  ways :  namely,  (1)  by  the  expansion  of  an-;  (2)  by  the  expenditure  f.f 
mechanical  work  in  the  evaporation  of  a  liquid ;  (3)  by  the  evaporation  of  a 
^'olatile  liquid  in  one  ^'essel,  the  vapour  so  formed  being  absorbed  by  water 
or  some  other  liquid  in  another  vessel  connected  with  the  first. 

1.  The  remarkable  changes  of  temperature  produced  by  the  rarefaction 
and  condensation  of  air  was  pointed  out  in  1845  by  Joule.  The  following 
table  shows  the  effect  of  the  dynamical  cooling  of  air  by  reduction  of 
pressure  to  30  inches,  from  the  pressure  as  stated  in  the  first  column, 
Avithout  allowing  any  heat  to  be  communicated  to  it  during  expansion,  tin- 
original  temperature  at  30  inches  of  pressure  being  60°  F.  (Shaw). 


Initial  pressure  of  tlie 
air  in  inches  of  mercury. 

Temperature 
after  expansion. 

Initial  pressure  of  the 
air  in  inches  of  mercury. 

Temperature 
after  expansion. 

31 
32 
33 
34 
35 
40 
50 

55° -1  Fahr. 
50°-4  „ 
45° -9  „ 
41°-6  „ 
37° -5  „ 
18°-7  „ 

-ii°-o  „ 

60 
70 
80 
90 
100 
200 
300 

-  33°-9  Fahr. 

-  52°-4  „ 

-  67°-7  „ 

-  80°-8 

-  92°-l  „ 
-158° -5  „ 
-191°-6  „ 

Thus  it  will  be  seen  that  if  a  jet  of  air  at  60°  F.  were  blown  into  a  room 
bv  a  pressure  behind  it  of  10  inches  of  mercury  above  the  ordinary 
barometric  pressure,  so  that  the  air  would  find  itself  in  the  room  suddenly 
under  the  ordinary  pressure  of  30  inches,  the  temperature  of  that  air  would 
be  13°-3  F  below  freezing,  presuming  that  there  is  no  gam  of  heat  from 
friction  at  the  nozzle.    On  this  principle  it  is  possible,  by  means  of  suitable 
arrangements  of  expansion  cylinders,  to  furnish  a  supply  of  aii-  cooled  by 
expansion  to  a  temperature  considerably  below  that  of  the  surroundmg 
bodies     If  the  air  were  compressed  instead  of  being  rarefied,  a  correspond- 
ina  rise  of  temperature  would  be  produced.    This  prmciple  of  dynamical 
cooling  has  now  been  appHed  to  the  refrigeration  chambers  of  slnps  convey- 
in-  meat  from  the  colonies,  where,  by  first  compressing  the  air  in  a  suitable 
engine,  it  is  then  passed  cooled  to  an  expansion  engine,  which  finaUy 
deHvers  the  aii-  cooled  to  an  extent  depending  on  the  difference  of  its 
pressure  in  the  compressed  and  uncompressed  states._  It  is  not  improbable 
that  in  the  near  future,  with  a  supply  of  compressed  air  at  ordinary  tempera- 
tures and  by  an  expansion  engine,  every  householder  may  not  only  get  ice- 
cold  al?,  but  so  priduce  ice  if  wanted.    Its  applicability  to  Indian  life  is 
obvious  where  the  use  of  refrigerating  engines,  as  now  employed  on 
W  ships  for  the  meat  refrigerating  chambers  wiU  probably  gi-aduaUy 
replace  the  crude  and  cumbrous  thermantidote  of  the  present  day 

2  We  know  that  water  evaporates  at  all  temperatures,  and  that  the 
amount  of  evaporation  really  depends  upon  the  pressure  to  which  he 
sSce  is  exposed.  If,  therefore,  two  vessels,  each  contammg  a  volatile 
iquid  be  ircommunication  through  an  air-pump,  and  the  pump  be  worked 
any  air  or  vapour  in  the  one  vessel  will  be  gradually  pumped  out  and 
deiivered  to  ti  e  other.  In  other  words,  continuous  evaporation  will  take 
Xce  in  one  vessel,  and  continuous  condensation  in  the  other.  As  a  res  Ut 
o  evaporation,  th^re  is  an  absorption  of  heat  froni  the  one  vessel,  and  as  a 
result  of  condensation,  a  development  of  heat  in  the  other.  If  an  arraiip- 
-  ment  be  made  for  transferring  the  condensed  liquid  back  to  the/vapor^^^^^^^^ 
vessel,  the  process  may  go  on  continuously.    If  heat  is  wanted,  the  cold 
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■vessel  should  be  surrounded  with  an  ample  supi)ly  of  water  to  keep  up  its 
temperature :  if  cooling  be  desired,  tlie  lieat  produced  by  the  condensation 
may  be  allowed  to  pass  into  the  outside  air  or  a  tank  of  water.  The  pro- 
duction of  cold  on  this  principle  by  the  evaporation  of  methylic  ether  is 
now  one  of  the  methods  of  cooling  ships  employed  in  the  carriage  of  meat 
by  the  cooling  apparatus,  the  meat  is  kept  in  a  current  of  dry  air  very  near 
the  freezing  point,  and  tlius  kept  fresh  during  long  voyages. 

3.  In  Carre's  ammonia  machine  for  the  production  of  ice,  a  solution  of 
ammonia  gas  m  water  is  placed  in  a  vessel  connected  with  a  condenser  If 
the  vessel  is  heated  and  the  condenser  be  immersed  in  a  cold-water  tank 
the  ammonia  is  driven  olf  from  its  solution,  and,  condensing  to  a  liquid  in 
the  condenser,  gives  out  heat  in  so  doing  to  the  surrounding  water  in  the 
tank.  If  the  vessel  be  now  immersed  in  cold  water,  and  the  condenser  be 
surrounded  by  the  water  it  is  required  to  freeze,  the  cooled  water  in  the 
vessel  reabsorbs  the  ammonia  vapour  and  reduces  the  pressure  in  the 
condenser,  accompanied  by  a  large  reduction  of  temperature  in  the  liquid 
m  It  and  m  the  water  surrounding  it.  By  a  continuous  repetition  of  the 
process,  successive  quantities  of  heat  are  removed  from  the  water  surround- 
ing the  condensed  ammonia,  until  it  actually  freezes.  By  this  method,  ice 
.can  be  made  at  a  cost  of  only  twopence  per  hundredweight. 

As  to  the  advantages  and  disadvantages  of  the  various  systems  of  heatintr 
and  ventilating,  no  better  summary  can  be  given  than  that  by  the  late 
Prof  Carnelley  m  his  Report  on  the  Cost  and  Efficiency  of  the  Heating  and 
\  entilation  of  Schools,  made  to  the  School  Board  of  Dundee  in  1889  The 
Keport  IS  a  complete  arrangement  of  the  results  of  an  investigation  of  323 
.-cnools,  and  extracts  from  it  are  best  quoted  in  their  original  form 


2. 
3." 
4. 


Open  Fires. 

Advantages — 

1.  More  cheerful. 

First  cost  much  less  than  hot-pipe  systems 
Keeps  air  fi-esher  than  hot  pipes,  owing  to  draught  up  chimney. 

ilfi  Du'idee  schools  are  concerned,,  the  temperature  in  the  open-fire 
schools  was  higher  than  in  those  heated  by  hot  pipes.  "pen  nre 

■"        flV'^'l    .  ^^^^  probably  need  paiuting  less  frequently  than 

those  heated  by  other  systems.  cvjucunj,  uiau 

Disadvantages — 

1.  Greater  labour  in  service. 

^'  ^''^pipes.^'''''*"'  ^"""^^         ^^^'^  °'  steam-pipes,  or  large  hot-water 

3.  Unequal  distribution  of  heat. 

4.  Air  more  highly  charged  with  micro-organisms. 


Advantages- 

1.  Smallest  first  cost. 

2.  Least  annual  cost. 

3.  Probably  more  effective  heaters  than  open  fires. 

'Disadvantages — 

1 .  Greater  labour  in  service. 

2.  Require  more  attention  than  open  fires. 
6.  More  liable  to  smoke  than  open  fires. 

4.  More  liable  to  get  out  of  repair  than  open  fires, 

5.  Not  so  cheerful  as  open  fires. 
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3.  More  equal  "ii^tf ?/,Jrr*c;anisms  than  when  open  fires  are  used 
t  ^rl?::S  th:tnn"uarcK  probably  slight!^  less  than  w.th  open  fires, 
but  more  than  with  stoves. 


Disadvantages— 

I-  ?»^t^S  — ^oTt-hSi  tUe  c.e  of  ope-  to,  0,  stove.. 
3'.  Air  not  so  fresh  as  with  open  fares. 

'^•^''^I'^aKS^ressure  pipes  are  cheaper  in  first  cost  than  large  low-pressure- 
V^V^^-   ,    ,  •  „,i        -ir  was  better  in  rooms  heated  by  small  high- 

i  Small  pipesive  les!  obtrusive  in  the  rooms. 

Mechanical  Ventilation. 

E"i:gre.ter  purity  of  air  »  "^f  ^^SSnfth.  «-the, ;  «he.e» 
™tEtt7yl:iX^tur„^a^t^wh.n  .o,t  needed. 

S   The  schools  are  warmer.  jet    ^  aW 

l.  More  equal  dMribulion  of  heat  andotfre^^^^^  ,(  th,^ 

n;*tritrr™ft5a?,."„"s''i:  "oUon,     <-  - 

after  it  has  been  stopped. 

stTtWu^r^rrheat.     r  iSe^rasrs 

Mo,?rd  .-nr^at  t^'»San'd  iear.iug. 


Disadvantages — 
1.  ~  ■  ' 
2. 


Greater  first  cost.  „        ^       schools).  . 

z.  Greater  annual  cost  (except  in  the  case  g  ^         ventilated  mechani- 

3   Though  in  towns  where  several  schools  were  ne  caretaker  in  each 

cfuy,  there  would  ^^ot^-^i^.^^^^X^^^^  S  a  man  who  hJd  some  knowledge 
of  such  schools,  yet  o?ie  of  J^f/ ^^'V^'-tteni  to  any  repairs  which  might 
of  gas-engines,  &c  so  ^hat  ^^  ^^^^^^t  somew^LatW-  -ge  than 
^roX^1-caretl:"  T\i^rhowevV  -uld  amount  to  very  little  if 
distributed  over  a  number  of  schools.  _  . 

I.  the  aa„e  Keport,  aa  -S^^-^SLt,^^^^^^ 

(„)  Ji«cJi»li»»-«r'"'*T7™  U,.  S  is  mueh  more  highly  charged  ^ith  miero- 

heated  .ore  hyeo.du...o. 

feluy^rthetSl^^^^^^^^^^ 

than          eugiiea  lor  driving  the  fana  .e„gi„e  is  amply  suffieient  for  drlvmg 

ie)Fomr  cf  Of-'nSXV^lTtft  fuSnHor  six  of  Cnnningham's  fans. 
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and  dirt^*'"''^*^''^''''"'^^^'^  ^""^  employed,  made  of  coarse  jute  cloth,  to  remove  soot 
(^•)  Blacknian's  v.  Cunningham's  Fans.-\Y\i^n  properly  arranged,  a  4-ft.  Blackmail's 
fan  appears  to  be  more  effective,  and  costs  less,  both  in  Lt  and  annual  c^sM  fan  tL 
five  or  SIX  Cunningham's  fans  usually  employed  to  do  the  same  work.  CunninXm's 
fans  independent  of  the  weather  than  are  Blackman's  or  Aland's 

U)  Blackman's  v.  Aland's  Fans.-'Yh^  former  are  the  better  and  more  suitable. 
UUo  V.  i,tockport  Gas-engines.— The  former  are  the  preferable 
...Jh    -l"  '■'^9'^,":^.'^  to  change  the  Air  of  a  School  ly  Mechanical  VentUation.—^^ 
ZhT^^  ventilation  the  whole  of  the  air  in  a  school  may  be  easily  changed  L  less 
than  fifteen  minutes,  and  when  the  system  is  well  arranged  in  less  than  ten  minutes 


EXAMINATION  OF  THE  SUFFICIENCY  OF  VENTILATION. 

The  sufficiency  of  ventilation  should  be  examined— 
Id  By  determining  the  amount  of  cubic  space  and  floor  space  assigned 
to  each  person,  and  their  relation  to  each  other,  and  by  determining  the 
amount  of  movement  of  the  air,  or,  in  other  wds,  the  number  of  cubic 
leet  ot  fresh  air  which  each  person  receives  per  hour. 

2«cZ,  By  examining  the  air  by  the  senses,  and  by  chemical,  biological, 
and  mechamcal  methods,  so  as  to  determine  the  presence,  and,  if  possible 
the  amounts  and  characters  of  suspended  matters,  including  micro-or-anisms' 
organic  vapour,  carbon  dioxide,  hydrogen  sulphide,  watery  vapour,  ammonia' 
tV-c,  as  aheady  explained  in  the  previous  chapter. 

Measurement  of  Cubic  Space.-The  three  dimensions  of  length,  breadth, 
and  height  are  simply  multiplied  into  each  other.  If  a  room  is  square  or 
oblong,  with  a  flat  ceiling,  there  is,  of  course,  no  difficulty  in  doing  this 
but  frequently  rooms  are  of  irregular  form,  with  angles,  projections,  half- 
circles,  or  segments  of  circles.  In  such  cases  the  rules  for  the  measurement 
oi  the  areas  of  circles  segments,  triangles,  &c.,  must  be  used.  By  means 
of  these,  and  by  dividing  the  room  into  several  parts,  as  it  were,  so  as  to 
measure  first  one  and  then  another,  no  difficulty  wiU  be  felt.  After  the 
ZT^  Z  iT''  ^'^^y^'i'  containing  air  should  be  measured,  and 

added  to  the  amount  of  cubic  space;  and,  on  the  other  hand,  solid  pro- 
ections,  and  solid  masses  of  furniture,  cupboards,  &c.,  must  be  measured 
tuL^Zr^'Tif^'   which  take  the  place  of  air)  deducted  from  the 
? t.;r  determined.    The  bedding  also  occupies  a  certain  amount 

ot  space,  a  soldiers  hospital  mattress,  pillow,  three  blankets,  one  coverlet, 
ud  two  sheets  will  occupy  almost  10  cubic  feet-about  7  if  tightly  rolled 
ron  bprlX.'-?         n«<=essary  to  make  any  deduction  for  tables,  chairs,  and 

,        '  °!  '^"^^^  °'      ^^'i^^e        temperature  of  the  air  to 

■■caudarcl  temperature,  as  is  sometimes  done. 

A  deduction  may  be  made,  however,  for  the  bodies  of  persons  livin-  in 

?  """z  of  ordinary  size  may  take  the  place  of  about  2i  to  4 

Zt  no^   '  ^T'  f«<^t  he  occupies.    Thus  a  man  weighing  12 

tones  occupies  3  cubic  feet.  s 

lecimnliT/  "'f '^^^°ie,^t'  it  is  always  convenient  to  measure  in  feet  and 
aeasured,  they  may  be  turned  into  square  feet  by  multiplying  by  0-007. 

KuLES — Area  or  Superficies, 
rea  of  circle,  .       .       .       .    =D^x  •7854  (or  Trr^,  where  ?•  is  the  radius). 

 X  •oyge^or?!^. 
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Circumference  of  circle, 
Diameter  of  circle, 

Area  of  ellipse,  . 
Circumference  of  ellipse, 

Area  of  a  square, 
Area  of  a  rectangle,  . 
Area  of  a  triangle. 
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.   =D  X  3-1416  (ir2r). 

=  0  ^3-1416/ =5)  orC=x -3183. 

( Multiply  the^'product  of  the  two  diameters  by 

(  Multiply  half  sum  of  the  two  diameters  by 

.    •  =1  3-1416  {J;ti}. 

'Square  one  of  the  sides,  or  multiply  any  two 

sides  into  each  other.  ; 
^  Multiply    two    sides    perpendicular    to  each 
other. 

J  Base    X  i  height,  or 
\  Height  X  I  base. 


Area  of  a  parallelogram, 


Fig.  30. 

Divide  into  two  triangles  by  a  diagonal,  and  take 
sum  of  the  areas  of  the  two  triangles. 


Fig.  31. 

Anyfigi<'re  hounded  by  right  lines, 
Area  of  segment  of  circle,  . 


Fig.  32. 

=    Divide  into  triangles,  and  take  the  sum  of  their 

To^Tof  product  of  chord  and  height  add  the 
=    "^"cube  of  ?he  height  divided  b^y  twice  the  chord 


Fie  33. 

.      V  If  a  CuU  or  a  Solid  Bectangle.-UnMiv^J  together  the  three  dimen- 
Cubic  Capacity  of  a  Ouoem      «  A^r^^V, 
,l.„s,  length.  b,e.dth,  ""Jl^t '  fe_A™  ots.cli.n  (tr;.~l.)  mult.pl.ed  by  deptl,. 

Cubic  Capacity  of  a  Cyliiuiei .    ^  ^^^^^ 
Cubi.  Capacity  o/«  -S-^^Acrc-D^x  -5236  ^or  j- 

;       .  beU  tent  may  be  taken  as  that  of  a  cone  resting 

The  cubic  capacity  of  a  beil-teni;  may 
on  a  short  cylinder.  ^^^t  be  got  by  dividing  the 

The  cubic  capacity  of      /^f  P^^!;  2nd,  roof  :- 

marquee  into  several  pa^^^^^^^  at  each  end. 

2.  Roof.'  solid  triangle,  and  t--^^^^,^^^^^^^  deductions  all  made 

The  total  number  of  cubic  feet,  ^^^^^^^^^^^^^^^  ji^i^g  in  the  room  ;  the 

raJt  then  be  divided  by  ^-/--J-^Ke  totallrea  of  floor  space 
result  is  the  cubic  space  per  heaa, 
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divided  by  the  number  of  persons  gives  the  floor  space  per  head,  which 
should  be  as  near  as  possible  —  of  the  cubic  space. 

Determination  of  Air  Movement  in  a  Eoom. — The  direction  must  first 
be  determined,  and  then  the  rate  of  movement. 

First  enumerate  the  various  openings  in  the  room — doors,  windows 
chimney,  special  openings,  and  tubes — and  consider  which  is  likely  to  be 
the  direction  of  movement,  and  Avhether  there  is  a  possibility  of  thorough 
movement  of  the  air.  Then,  if  it  is  not  necessary  to  consider  further  any 
movement  through  open  doors  or  windows,  close  all  these,  and  examine 
the  movements  through  the  other  openings.  This  is  best  done  by  smoke 
disengaged  from  smouldering  cotton- velvet,  and  less  perfectly  by  small 
balloons,  light  pieces  of  paper,  feathers,  &c.  The  flame  of  a  candle,  which 
is  often  used,  is  only  moved  by  strong  currents.  It  may  be  generally 
taken  for  granted  that  one  half  of  the  openings  in  a  room  will  admit  fresh 
air,  and  half  will  be  outlets.  But  this  is  not  invariable,  as  a  strong  outlet, 
like  a  chimney,  may  draw  air  through  an  inlet  of  far  greater  area  than 
itself,  or  may  draw  it  through  a  much  smaller  area  with  an  increased 
rapidity. 

The  direction  being  known,  it  is  jjnly  necessary  to  measure  the  discharge 
tlirough  the  outlets,  as  a  corresponding  quantity  of  fresh  air  must  enter. 

By  the  Anemometer. 
— This  is  best  done  by 
an  anemometer,  or  air- 
meter,  of  which  there 
are  several  in  the 
market.  The  one  com- 
monly used  is  in  prin- 
ciple that  invented  by 
Combes  in  1838  :  four 
little  sails,  driven  by 
the  moving  air,  turn 
an  axis  with  an  end- 
less screw,  which  itself 
turns  some  small 
toothed  wheels,  which 
indicate  the  number 
of  revolutions  of  the 
axis,  and  consequently 
the  space  traversed  by 
the  sails  in  a  given  time,  say  one  minute.  By  a  careful  graduation  of  each 
instrument,  the  rate  per  second  is  determined,  and  indicated  by  a  small 
dial  and  index.  A  very  beautiful  instrument  of  this  kind  has  been  made 
by  Casella  of  Holborn  (fig.  34).  It  is  thus  used :— Being  set  at  the  zero 
point,  or  the  reading  of  the  instrument  at  the  time  being  recorded,  it  is 
placed  in  the  current  of  the  air  :  if  it  is  placed  in  a  tube  or  shaft,  it  should 
be  put  well  in,  but  not  quite  in  the  centre,  as  the  central  velocity  is  always 
greater  than  that  of  the  side  ;  a  point  about  two-fifths  from  the  sides  of  the 
tube  will  give  the  mean  velocity.  The  time  when  the  sails  begin  to  move  is 
accurately  noted,  and  then,  after  a  given  time,  the  instrument  is  removed, 
and  the  movement  in  the  time  noted  is  given  by  the  dial.  If  this  linear 
discharge  is  multiplied  by  the  section  area  of  the  tube  or  opening  (expressed 
in  feet  or  decimals  of  a  foot),  the  cubic  discharge  is  obtained.  If  the 
c  current  varies  in  intensity,  the  movement  should  be  taken  several  times, 
»  and  the  mean  calculated ;  but  if  the  tube  is  so  small  that  the  sails  approach 
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closely  to  the  circumference,  the  results  cannot  be  depended  on.  If  placed 
at  the  mouth  of  a  tube,  it  often  indicates  a  much  feebler  current  than 

really  exists  in  the  tube.  -u  „^ 

The  cubic  discharge  per  minute  being  known,  the  amount  per  hour  is 
obtained  by  multiplying  by  60,  and  this  divided  by  the  number  of  persons 
in  the  room,  gives  the  discharge  per  head  for  that  particular  aperture. 

Tat,t  V  /„  .how  the  Velociiv  of  Air  in  linear  feet  per  minute.    Calcidated  from  Montgolfier^s  formula 
^''^V^:i:^^T£rlii^,  ta^n  .s  0-Ooifor  each  degree  Fahrenheit,  and  one-fourth  han 
deducted  for  friction.    [Round  numbers  have  been  taken. )  
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88 
92 
96 
100 
104 
108 
111 
115 
118 
121 
125 
128 
131 
184 
134 
139 
142 
145 
147 
150 
153 
155 
158 
160 
162 
165 
167 
170 
172 
174 
176 
187 
197 


102 
107 
111 
116 
120 
125 
129 
133 
136 
140 
1441 
1471 
151 1 
154 
168 
161 
164 
167 
170 
173 
176 
179 
182 
185 
188 
190 
193 
196 
198 
201 
204 
216 
228 


114 

119 
125 
130 
135 
139 
144 
148 
153 
157 
161 
165 
1 169 
173 
176 
180 
183 
187 
190 
194 
197 
200 
204 
207 
210 
213 
216 
219 
222 
225 
228 
241 
254 


125 
131 
136 
140 
147 
153 
158 
162 
167 
172 
176 
181 
185 
189 
193 
107 
201 
205 
209 
212 
216 
219 
228 
226 
230 
233 
236 
240 
243 
246 
249 
264 
279 
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135 
141 
147 
153 
159 
165 
170 
176 
181 
186 
190 
195 
200 
204 
209 
213 
217 
221 
225 
229 
233 
237 
241. 
245 
248 
252 
255 
259 
262 
266 
269 
286 
301 


9 


10 


144 
151 
158 
164 
170 
176 
182 
188 
193 
198 
204 
209 
214 
218 
223 
227 
232 
237 
241 
245 
249 
253 
257 
261 
265 
269 
273 
277 
281 
284 
288 
305 
322 


153 
160 
167 
174 
181 
187 
193 
199 
205 
210 
216 
221 
226 
232 
237 
241 
246 
261 
255 
260 
264 
269 
273 
277 
282 
286 
290 
294 
298 
302 
305 
324 
341 


161 
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176 
183 
190 
197 
204 
210 
216 
222 
228 
233 


8 


244 
249 
254 
259 
264 
269 
274 
279 
283 
288 
292 
297 
301 
305 
310 
314 
318 
322 
341 
360 


169 
177 
185 
192 
200 
207 
213 
220 
226 
233 
239 
245 
250 
256 
261 
267 
272 
277 
282 
287 
292 
297 
302 
307 
311 
316 
320 
325 
329 
333 
338 
358 
377 


12 


13 


10 


176 
185 
193 
201 
209 
216 
223 
230 
237 
243 
249 
255 
261 
267 
273 
279 
284 
290 
295 
300 
305 
310 
315 
320 
325 
338 
334 
339 
344 
348 
353 
374 
394 


14 


11 


183 
192 
201 
209 
217 
225 
232 
239 
246 
253 
259 
266 
272 
278 
284 
290 
296 
302 
307 
312 
318 
323 
328 
333 
338 
343 
348 
353 
358 
362 
367 
389 
401 


15 


12 


190 
200 
209 
217 
226 
233 
241 
248 
266 
262 
269 
276 
282 
289 
296 
301 
307 
313 
319 
324 
330 
336 
341 
346 
351 
366 
361 
366 
371 
376 
381 
404 
426 


13 


197 
207 
216 
226 
233 
241 
249 
257 
264 
272 
279 
286 
292 
299 
305 
312 
318 
324 
330 
335 
341 
347 
353 
358 
363 
369 
374 
379 
384 
389 
394 
418 
441 


14 


16 


17 


204 
213 
223 
232 
241 
249 
257 
266 
274 
281 
288 
295 
302 
309 
315 
322 
328 
335 
341 
347 
363 
358 
364 
370 
375 
381 
386 
392 
397 
402 
407 
432 
455 


18 


15 


210 
220 
230 
239 
248 
267 
266 
274 
282 
289 
297 
304 
311 
318 
325 
332 
338 
345 
351 
357 
303 
369 
375 
381 
387 
393 
398 
404 
409 
414 
420 
445 
469 


216 
226 
237 
246 
265 
264 
273 
282 
290 
298 
306 
313 
320 
327 
335 
342 
348 
365 
361 
368 
374 
380 
386 
392 
398 
404 
410 
416 
421 
426 
432 
458 
483 


16  17 


18 


19  20 


222 
233 
243 
253 
262 
272 
281 
289 
298 
306 
314 
321 
329 
336 
344 
351 
368 
365 
371 
378 
384 
391 
397 
403 
409 
415 
421 
427 
432 
438 
444 
471 
496 


228 
239 
249 
269 
269 
279 
288 
297 
305 
314 
322 
330 
338 
345 
363 
360 
367 
374 
381 
388 
394 
404 
400 
414 
420 
426 
432 
438 
444 
460 
455 
483 
609 


233  239 


21  22  23 


246 
265 
266 
276 
286 
296 
304 
313 
321 
330 
338 
346 
354 
361 
369 
376 
383 
390 
397 
404 
411 
417 
424 
430 
436 
442 
448 
454 
461 
467 
495 
622 


24  25 


19 


250 
261 
272 
282 
292 
302 
311 
320 
329 
338 
346 
354 
362 
370 
378 
385 
392 
399 
407 
414 
420 
427 
434 
440 
447 
453 
459 
465 
471 
477 
606 
634 


20  21 


244 
266 
267 
278 
289 
299 
309 
318 
327 
336 
345 
154 
362 
370 
378 
386 
394 
401 
408 
416 
423 
430 
437 
443 
460 
457 
463 
470 
476 
482 
488 
518 
546 


22 


30 


249 
261 
273 
284 
295 
305 
315 
326 
336 
344 
353 
361 
370 
378 
386 
394 
402 
410 
417 
425 
432 
439 
446 
453 
460 
467 
473 
480 
486 
492 
499 
529 
558 


254 
267 
279 
290 
301 
312 
322 
332 
342 
351 
360 
369 
378 
386 
394 
402 
410 
418 
426 
433 
441 
448 
455 
462 
469 
476 
483 
490 
496 
60S 
509 
540 
669 


23  24 


25 


27S 
29! 
301 
3U 
33( 
3« 
SS 
3« 
S7< 
3gi 
S» 
40 
41 
421 
43 
44 
4S 
4S 
46 
47 
48 
4S 
49 
60 
51 
S! 
6! 
6! 
M 
61 


^.„.,..-To  use  the  table  de^^^^^^^^^^^ 

point  of  entrance  to  the  point  of  discharge  out  n.imber  from  table,  and  multiply  by  the 
^crature  and  that  of  the  external  air.    Take  out  ^"mber  nom  i      ,  ^^.7  ^^^^^^ 

Ltion-area  of  the  d-^.-f  "^^^^^^^  b"  6r"esult  discharge  per  hour 

is  the  discharge  m  cubic  feet  per  minute  in^^^iP^y       between  internal  and  external 

That  would  be  for  an  area  of  1  square  ^oot  ^^^^  ^  V-^^^^T 

thuf  ThSJ:  we  get^*81-.5  feet  (per  minute),  multiplied  by 

60='l6,875  feet  per  hour. 

rS  uslXn  the"Lr— NhoSgh  it  is  adapted  to.  cases  where  the 


CALCULATION  OF  THE  VELOCITIES  OF  AIR  CURRENTS. 


263 


anemometer  cannot  be  used,  as  it  may  be  connected  by  a  long  tube  with  a 
distant  room,  and  probably  would  be  well  fitted  to  measure  constantly  the 
velocity  in  an  extraction  shaft.    The  velocity  of  the  air-current  is  conveni- 

— ,  in  which  w  is 

■expressed  in  millimetres  of  water  as  read  off  on  the  manometer,  while  s 
is  the  specific  gravity  of  1  litre  of  air  at  the  existing  temperature  and  height 
of  the  barometer. 

By  Calculation. — Supposing  the  external  air  is  tranquil,  and  that  the 
only  cause  of  movement  is  the  unequal  weights  of  the  external  colder  and 
the  internal  warmer  air,  the  amount  of  discharge  may  be  approximately 
obtained  by  the  law  of  Montgolfier,  already  given.  There  is  a  fallacy,  how- 
ever, as  the  amount  of  friction  can  never  be  precisely  known.  Still,  as  an 
approximation,  and  in  the  absence  of  an  anemometer,  the  rule  is  useful ;  and 
the  foregoing  table  has  therefore  been  calculated. 

On  testing  this  table,  however,  by  the  air-meter,  it  has  been  found  to 
give  too  much  when  the  tubes  are  long,  on  account  of  the  great  friction,  and 
it  is  therefore  advisable  to  make  a  further  deduction  of  -^th  when  the  shaft 
or  tube  is  long,  and  is  at  the  same  time  of  small  diameter.  If  the  tube 
have  any  angles,  or  is  curved,  this  table  is  too  imperfect  to  be  used,  unless 
attention  be  paid  to  the  correction  for  friction  already  noted. 

If  the  movement  of  the  external  air  influences  the  movement  in  the 
room,  as  when  the  wind  blows  through  openings,  calculation  is  useless,  and 
the  anemometer  only  can  be  depended  on. 

It  is  obvious  that,  in  the  preceding  methods,  all  windows  and  doors 
opening  into  the  room  must  be  closed,  and  only  those  openings  intended  for 
the  passage  of  air  be  allowed  to  remain  open. 

Example. — Presume  a  room  is  measuied  and  found  to  contain  1500  cubic  feet  of  air. 
The  observations  made  have  shown  that  the  total  outlets  measure  a  square  foot  and 
that  the  average  velocity  of  the  outgoing  air-current  is  80  feet  per  minute.  This  shows 
that  4800  cubic  feet  of  air  are  passing  through  the  outlets  per  hour,  and  the  capacity  of 
the  room  being  1500  cubic  feet,  this  volume  of  air  is  being  completely  renewed  a  trifle 
more  than  three  times  an  hour. 

A  very  ingenious  method  for  determining  the  entire  exchange  of  air  going 
•on,  including  not  only  the  amount  passing  in  and  out  through  ventilators, 
but  also  that  escaping  through  cracks  and  fissures,  has  been  suggested  by 
Pettenkofer.    It  is  based  upon  the  fact  that  if  in  a  closed  room  Ave  have 
any  easily  recognised  gas  such  as  COj,  the  amount  of  fresh  air  entering  the 
room  in  a  given  time  may  be  determined  by  the  dilution  which  this  gas 
imdergoes  in  the  time.    This  plan  is  very  suitable  for  testing  systems  of 
so-called  natural  ventilation.    Pettenkofer  closes  all  ojDenings  into  the  room, 
•  and  then  artificially  generates  an  excessive  amount  of  COg  in  the  air  of  the 
room  by  burning  stearine  candles.    These  candles  burn  about  9 '5  grammes 
.per  hour,  each  gramme  yielding  r404:  litre  of  COj.    When  the  experiment 
is  begun  the  air  of  the  room  should  contain  5  or  6  parts  of  this  gas  per 
1000,  the  exact  amount  being  determined  and  recorded.    The  doors  and 
'windows  are  kept  closed,  and  samples  of  the  air  taken  from  aboizt  the  centre 
■of  t]\e  room  at  intervals  of  half  an  hour  for  one  hour  after  the  ventilators  are 
opened.    To  aivoid  grave  errors,  due  to  opening  doors  and  the  exhalation  of 
C0.2  by  the  breath,  it  is  better  to  arrange,  by  means  of  an  aspirator  and  a 
tube  passed  througli  the  keyhole,  or  other  small  opening,  for  samples  to  bo 
taken  without  opening  tlie  door.    When  the  necessary  number  of  samples 
have  been  collected  and  examined,  as  explained  in  the  last  chapter,  the 
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calculation  of  the  rate  at  which  ventilation  has  been  going  on  is  made  from 
the  following  formula  by  Seidel : — 

a;  =  2-303  xmxlog^^, 
P  -  a 

in  which  x  is  the  amount  of  air  which  has  passed  into  the  room,  2-303  is  a 
constant,  m  is  the  cubic  contents  of  the  room  in  feet,  ^  is  the  amount  of 
CO2  present  in  the  air  of  the  room  at  the  beginning  of  the  experiments,  of 
which  there  are  practically  two,  namely,  one  for  the  first  half  hour  and  one 
for  the  second,  P  is  the  amount  of  CO2  present  at  the  end  of  each  experi- 
ment, and  a  is  the  amount  of  COg  present  in  the  outer  air. 

i:a;a??xMZe.— Presume  tliat,  tl.e  cubical  contents  of  the  room  being  2000  feet  by  the 
analytical  method  already  explained,  the  amount  of  CO2  has  been  found  to  be  as  follows  :- 
At  the  beginning,  3-6  per  1000  ;  after  thirty  minutes,  3-2  per  1000  ;  after  sixty  minutes, 
2-8  per  1000,  and  in  the  open  air,  0-4  per  1000. 

For  the  first  half  hour  we  get,    =  2-303  x  2000  x  log  ^f^.^  >  or  3-2-303  x  2000  ^ 

0-0579742  =  267  cubic  feet  of  air  passed  in  during  first  half  hour.    And  for  the  second 

half  hour,  ;«  =  2-303  x  2000  x  log  .  or  •'«  =  2-303  x  2000  x  0-0669220  =  308  cubic  feet 

of  air  passed  in  during  second  half  hour.  Therefore,  for  the  entire  hour,  we  have 
267  +  308  =  575  cubic  feet  of  air  passing  into  a  room  of  2000  cubic  feet  capacity.  At 
this  rate,  the  entire  volume  of  air  in  the  room  would  require  3/4  hours  for  its  complete 
removal,  a  rate  of  ventilation  which  we  have  learnt  to  be  quite  inadequate. 

Wlien  tliis  method  is  used  for  determining  the  amount  of  ventUation  of 
rooms  provided  with  inlets,  provision  must  be  made  for  closing  them  from 
without,  in  order  to  obviate  inaccuracies  likely  to  result  if  doors  be 

^^^To^  make  any  ventilation  inquiry  complete,  supplementary  observations- 
would  need  to  be  made,  not  only  as  to  the  CO2,  but  also  as  regards  oxidis- 
able  and  organic  matter,  as  well  as  to  humidity,  temperature  suspended 
matter,  micro-organisms,  and  the  various  other  details  mentioned  when  con- 
sidering the  practical  examination  of  air.  When  these  final  analyses  have 
been  made,  the  amount  of  air  per  head  per  hour,  supplied  and  utihsed,  can 
be  readUy  calculated  as  before  explained,  and  compared  with  the  amount  ot 
movement  determined  by  the  anemometer.  If  the  quantities  accord  fairly, 
the  distribution  may  be  considered  good:  on  the  other  hand,  if  they  clitter, 
an  excess  by  the  air-meter  shows  bad  distribution,  whilst  a  deficiency 
indicates  some  other  source  of  incoming  air  not  yet  observed. 
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CHAPTER  IV. 
FOOD. 


In  the  widest  acceptation  of  the  term,  ^OOB  nacludes  every  ung  mgested 
which  o-oes  directly  or  indirectly  to  the  growth  or  repan-  of  the  hody  or  to 
le  trodnction  of  energy  in  any  form.  In  this  way  it  would  include  not 
oX  tile  o^^^^^^  and  mineral  soHds  and  the  usual  beverages  recognised  as 
Setiriut  also  water  and  air.  For  it  is  quite  obvious  that  without  water 
t  tetion  of  the  living  body  would  be  possible,  1 
pnpvavis  mainlv  if  not  entirely,  caused  by  the  union  of  the  atmospnenc 
rvoSi  wirthe 'o  ganic  matter  of  the  food  or  the  tissues  of  the  body  itseW 
Altho  cr  these  facts  are  distinctly  recognised,  it  has  generally  been  the 
f         Wr^^  to  those  substances  which  are  capable 

KSSit^a^^^^^^^^  act  as  directors  or  regulators  of  nutrition  to 

?i  Son  of  air  and  water,— these  two  last  being  usually  considered 

A     tZZe  }Zds    V^o^  group  even  of  this  rough  classification  is 

mth  chlorine,  phosphoric  acid,  ^^d,      smaiiei  q  ^    ^  ^  ^^.f,,t 

all  necessary  for  Pf  f  <^  ,  .institute  food  are  conveniently  spoken  of 

The  various  J^^^^^^^^^^  they  do  of  carbon,  hydrogen 
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tliey  really  are  elementary  constituents  or  proximate  principles  of  the  human 
organism.  These  elementary  or  proximate  principles  may  be  conveniently 
-classified  as  follows  : — 

(  Nitrogenous,  as  proteids  or  albuminoids. 
•Organic,  .       .       ,       .  -j  r  Fats  or  hydrocarbons. 

I,  Non-nitrogenous,  4  Starches  and  sugars  or  carbo-hydrates. 
{  Vegetable  acids. 

Inorganic,       .       .       .    Mineral  salts. 

Food  accessories,      .       .    Such  as  tea,  coffee,  &c. 

It  must  be  noted  that  the  simplest  division  of  the  organic  constituents  of 
food  is  into  the  nitrogenous  and  the  non-nitrogenous,  or  those  which  contain 
nitrogen  and  those  which  do  not.  Now,  the  proteids  alone  contain  nitrogen. 
Just  as  the  greater  part  of  the  air  is  made  up  of  nitrogen,  so  is  the  greater 
part  of  our  body  (bone  excepted)  made  up  of  proteid,  or  nitrogen  contain- 
ing substances.  A  large  amount  of  nitrogen  in  the  form  of  urea,  uric  acid, 
and  other  substances,  is  daily  being  lost  from  our  bodies  by  the  urine ;  and 
to  repair  this  loss,  a  daily  intake  of  nitrogenous  food  is  required.  The  only 
form  of  nitrogen  food  which  the  body  can  make  use  of  is  that  of  proteid  or 
albuminoids.  A  plant  equally  needs  nitrogen,  but  this  it  obtains  from  the 
ammonia  and  nitrates  of  the  soil,  wliich  are  much  simpler  bodies  than  proteids. 

Proteids  may  be  regarded  as  the  most  important  food-stuffs,  as  they  are 
the  only  organic  food-substances  of  which  it  can  be  said  Avith  certainty  that 
they  are  indispensable,  and  that  they  cannot  be  replaced  by  any  other 
nutrient  material.  They  are  to  be  found  in  every  animal  and  vegetable 
tissue,  forming  the  chief  part  of  every  cell,  and  are  never  absent  from  any 
vegetable  or  animal  food. 

All  proteids  resemble  each  other  in  being  composed,  in  similar  weight 
proportions,  of  caTbon,  hydrogen,  oxygen,  nitrogen,  and  sulphur,  with 
occasionally  a  little  phosphorus.  Their  general  percentage  composition 
may  be  taken  as  being:  nitrogen,  16  parts;  carbon,  54  parts;  oxygen,  22 
parts ;  hydrogen,  7  parts ;  and  sulphur,  1  part.  The  chemical  constitution 
of  proteids  is  not  known,  but  the  nitrogen  seems  to  exist  in  two  distinct 
•conditions,  partly  loosely  combined,  so  as  to  yield  ammonia  when  they  are 
decomposed,  and  partly  in  a  more  fixed  condition.  The  proteid  molecule  is 
not  only  very  large,  but  also  very  complex  :  a  small  part  of  it  is  composed 
•of  substances  from  the  group  of  aromatic  bodies,  which  become  so  con- 
spicuous during  putrefaction,  while  a  larger  part  belongs  to  the  fatty  bodies, 
•as  during  the  oxidation  of  albumin,  fatty  acids  are  especially  developed. 
Carbo-hydrates  may  also  appear  as  decomposition  products.  In  the  alimen- 
tary canal,  proteids  are  changed  into  peptones,  while  the  chief  products 
derived  from  their  oxidation  within  the  body  are  CO2,  H2O,  and  urea,  which 
latter  contains  nearly  aU  the  nitrogen  of  tlie  proteids. 

The  chief  character  of  proteids  is  that  they  are  colloids,  and,  therefore, 
do  not  diffuse  easily  through  animal  membranes:  they  are  also  amorphous 
•and  do  not  crystallise,  hence  are  isolated  with  difficulty.  Some  are  soluble, 
others  are  insoluble  in  water:  they  are  insoluble  in  alcohol  and  ether, 
rotate  polarised  light  to  the  left,  and  when  burned  give  off  an  odour  of 
burned  horn.  They  are  precipitated  from  their  solution  by  various  metallic 
salts  and  alcohol ;  they  are  coagulated  by  heat,  mineral  acids,  and  the  pro- 
longed action  of  alcohol.  Caustic  alkalies  dissolve  them,  and  from  this 
■solution  they  are  precipitated  by  acids. 

Chemically,  the  proteids  can  be  recognised  by  the  following  reaction  :— 

1.  Add  a  few  drops  of  strong  nitric  acid;  boil,  the  liquid  turns  yellow; 
cool,  and  add  ammonia,  the  yellow  liquid  turns  orange.    It  is  this  colora- 
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tion  which  is*  the  essential  part  of  the  reaction.    It  is  the  most  deUcate- 
test  for  proteids  and  is  generally  called  the  xantho-proteic  reaction. 

2  With  nitrate  of  mercury,  they  give  a  precipitate,  and  when  heated 
with  this  reagent  above  60°  C.  they  give  a  red  one,  probably  owing  to  the 

formation  of  tyrosin.  ,  •      i  i,  <. 

3  The  addition  of  a  few  drops  of  a  dilute  solution  of  cupric  sulphate,, 
and  the  subsequent  addition  of  caustic  potash,  gives  a  violet  colour  which 
deepens  on  boiUng.  If  ammonia  be  used  a  blue  solution  is  the  result  in 
the  case  of  albumoses  and  peptones,  however,  the  residt  is  a  rose-red  solution 
with  potash  and  a  reddish-violet  solution  with  ammonia.    Tins  is  termed 

the  biuret  reaction.  _  i  i  -i  j  •i.u 

4  When  rendered  strongly  acid  with  acetic  acid  and  boiled  witn  an 
equal  volume  of  a  concentrated  solution  of  sodic  sidphate  they  are  precipi- 
tated. This  method  is  used  for  removing  proteids  from  other  liquids,  as  it 
does  not  interfere  with  the  presence  of  other  substances.  •  ■,  i 

Saturation  with  sodio-magnesic  sulphate  precipitates  the  proteids  but 
not  peptones,  and  the  same  is  the  case  if  saturated  with  neutral  ammomum 

^""^^TheVoteids,  when  regarded  as  foods,  are  divisible  into  two  great  groups 
according  to  their  nutritive  value.  The  more  nutritious  one  is  the  group  of 
true  proteids,  consisting  of  albumin,  myosin,  glutin,  legumm,  casein,  globulin, 
syntonin,  fibrin,  and  peptones  :  in  them  the  proportion  of  nitrogen  to  carbon 
is  nearly  as  2  is  to  7.  The  other,  or  less  nutritious  class,  is  sometimes  called 
the  albuminoid  group:  its  members  include  substances  obtained  only  from 
animals,  such  as  gelatin,  chondrin,  ossein,  and^keratm:  m  these  latter,  the 
proportion  of  nitrogen  to  carbon  is  as  2  IS  to  oi  -j  ,t 

The  first  group  of  proteid  foods  is  the  most  important :  it  may  be  divided 
into— M^-e  alhmivins,  such  as  serum  albumin  and  egg  albuimn.  ihey 
are  soluble  in  water,  and  are  not  precipitated  by  alkaline  caAonates  common 
salt,  or  by  very  dilute  acids.  Their  solutions  are  coagulated  by  heatmg  at 
'70°  to  73°  C 

Glohulins.-TU^  myosin  of  muscle,  the  globulin  of  the  serum  and  of  the 
blood,  and  the  vitellin  of  egg-yolk  are  examples  from  the  ^^^j;^-/^^^^^^^^^ 
while  from  the  vegetable  world  are  the  globulins  contained  m  the  cereals. 
Tnd  lecuminos*.  They  are  the  most  abundant  proteids  present  m  plants 
These  native  proteids  are  insoluble  in  distilled  water,  but  so  ub  e  m  dilu  e 
iSral  saline  solutions,  such  as  NaCl,  KCl,  NHp,  and  MgSO  These 
Tulions  are  coagulated  by  heat  and  precipitated  by  the  addition  of  a  large^ 

nllllS^.-  Serivea  .ZWn..-Syntonin  or  acid 
albumin  formed  by  the  action  of  dilute  acids  and  alkalies  on  ordinal  y  pi  o- 
Ss  Ciosely  aufed  to  alkaH  albumin  is  caseinogin,  or  the  ^^^^l^o^]^^^ 
milk  and  the  le-umin  and  conglutm  of  peas,  beans,  &c.  Isone  ot  tliest 
proTeiraircoa^dated  by  heat^  but  can  be  precipitated  froni  solution  Ij- 
iot  Jilo'i^e!  ac°etate  or  phosphate  or  by  neutralisation  by  alkahes  and  acids 

'-^l^e  Proteicls.-T^..t  is,  those  insduble  ^ 

solutions  at  ordinary  temperatures,  such  for  instance  as  the  fibrin  of  blood 
^'li:.^:^:ll^nes.-T^.e  former  are  Jouud  1^  in  the 
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tion  by  the  alimentary  canal.  Owing  to  the  easiness  of  their  digestion, 
these  forms  of  proteid  are  now  largely  given  in  the  various  kinds  of  partly 
artificially  digested  foods  for  the  sick,  though  it  must  be  remembered  tliat 
they  do  not  possess  the  same  nutritive  value  as  the  real  proteids  of  food. 

The  second  group  of  the  proteid  foods  is  sometimes  called  the  alliu- 
minoids.  The  substances  contained  in  this  group  closely  resemble  true 
proteids  in  their  origin  and  composition,  and  are  amorphous  non-crystalline 
colloids.  Though  some  of  them  do  not  contain  sulphur,  their  reactions  and 
decomposition  products  closely  resemble  those  of  the  proteids.  The  chief 
members  of  this  gi-oup  are  gelatine,  mucin,  chondrin,  ossein,  keratin,  and 
nuclein.  These  bodies  are  easily  dissolved  in  hot  water,  and  yield  more  or 
less  the  same  products  after  digestion  as  the  true  proteids,  but  appear,  on 
the  whole,  to  have  a  less  nutritive  value  than  them.  Gelatine  is  the  only 
important  member  of  this  group  ;  it  contains  a  larger  percentage  of  nitrogen 
than  the  ordinary  proteids,  namely,  from  17  to  18  per  cent.,  and  differs  also  in 
some  chemical  reactions,  as  well  as  not  yielding  tyrosin  on  decomposition. 

Fats  or  Hydrocarbons. — These  are  combinations  of  a  trivalent  alcohol, 
glycerine,  with  three  molecules  of  monobasic  acids,  principally  stearic  acid, 
palmitic  acid,  and  oleic  acid.  They  all  contain  hydrogen  and  oxygen,  but 
no  nitrogen,  and  may  be  represented  by  the  general  formula  Cl(,H;^gO.  The 
proportion  of  oxygen  in  them,  however,  is  insufficient  to  combine  with  all 
the  hydrogen  present  so  as  to  form  water.  When  taken  as  food,  the  fats 
are  chiefly  in  the  form  of  neutral  fat,  but  may  also  exist  in  the  form  of  fatty 
acids  and  of  their  compounds,  the  alkaline  soaps.  The  neutral  fat  taken  as 
food  always  contains  free  fatty  acids  in  greater  or  less  proportion,  and  in  some 
foods,  such  as  cheese,  the  fatty  acids  may  exist  in  large  proportions  indeed. 

Carbo-hydrates  occur  in  plants  and  animals,  and  are  so  called  because, 
in  addition  to  at  least  six  atoms  of  carbon,  they  contain  hydrogen  and 
■oxygen  in  the  proportion  in  which  these  occur  in  water.  They  are  all  solid, 
•chemically  indifferent,  and  without  odour.  They  have  either  a  sweet  taste 
(sugars)  or  can  be  readily  changed  into  sugars  by  the  action  of  dilute  acids ; 
they  rotate  the  ray  of  polarised  light  either  to  the  right  or  left,  and,  as  far 
•as  their  chemical  constitution  is  concerned,  may  be  regarded  as  hexatomic 
alcohols  in  which  two  atoms  of  hydrogen  are  wanting.  Until  recent  times 
the  true  chemical  nature  of  these  bodies  Avas  not  understood,  but  the 
Tesearches  of  E.  Fischer  have  shown  that  the  simplest  carbo-hydrates  (the 
old  grape-sugars  or  glucoses)  are  aldehydes  of  a  hexatomic  alcohol,  having 
the  formula  C,;H8(0H)g.  Just  as  during  the  oxidation  of  ordinary  alcohol, 
CgHgO,  the  aldehyde  CgH^O  is  formed,  so  from  mannitic  alcohol  the  molecule 
'^6^1205,  representing  the  simplest  carbo-hydrate,  is  produced.  Such  carbo- 
iydrates  are  spoken  of  as  Monosaccharids,  and  the  best  known  are  glucose, 
laevulose,  and  galactose. 

These  monosaccharid  molecules  may  link  together  (polymerise)  with  the 
loss  of  water.  When  two  such  molecules  thus  unite,  Disaccharids  are 
produced,  and  these  really  spHt  to  yield  their  constituent  monosaccharids. 
The  most  important  of  these  are  maltose,  formed  from  two  molecules  of 
■dextrose,  and  cane-sugar,  formed  from  a  molecule  of  dextrose  connected  to  a 
molecule  of  laevulose,  and  milk-sugar  or  lactose,  in  which  dextrose  and 
galactose  are  linked  together. 

Further  combination  (polymerisation)  and  dehydration  produces  a  set  of 
bodies  having  molecules  of  increased  size.  The  simpler  members  of  this 
series,  or  those  most  nearly  resembling  the  sugars,  are  the  dextrins,  while 
among  the  more  complex  are  starch  and  glycogen.  The  whole  series  may 
be  conveniently  called  Polijsaccharids.    In  some  of  the  higher  members 
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of  the  group,  such  as  the  starclies,  more  than  a  hundred  monosaccharid 
molecules  may  he  connected  together.  These  polysaccharids  tend  to  break 
down  into  tlieir  constituent  disaccharid  and  monosaccharid  molecules.  A 
comprehension  of  these  facts  is  essential  for  a  study  of  the  changes  which 
these  food-substances  undergo  in  the  animal  body. 

In  the  first  group,  or  the  mouosaccharids,  we  have  the  following  :— 

Grape-sugar,  CeHj^Og  (glucose,  dextrose  or  diabetic  sugar),  when  occur- 
ring- in  animal  tissues,  "is  mainly  formed  by  the  action  of  diastatic  ferments; 
upon  other  carbo-hydrates  during  digestion.  In  the  vegetable  kingdom,  it- 
is  extensively  distributed  in  the  sweet  juices  of  many  fruits  and  floAvers. 
It  is  formed  from  cane-sugar,  maltose,  dextrin,  glycogen,  and  starch  by  boil- 
ing them  with  dilute  acids.  By  fermentation  with  yeast,  it  splits  up  into 
alcohol  and  CO, ;  with  decomposing  proteids  it  sphts  into  two  molecules  of 
lactic  acid,  while  this  latter,  under  the  same  conditions  in  alkaline  solutions,, 
splits  up  into  butyric  acid,  CO2  and  Hj.  .  ,  •  t 

Galactose  is  obtained  by  boiling  lactose  or  milk-sugar  with  dilute  mineral 
acids  :  it  crystallises,  is  fermentable,  and  gives  aU  the  reactions  of  glucose. 
Its  specific  rotatory  power  is  +  83° '3  for  Aj  or  median  yeUow  ray  of  hght. 

Loivulose,  sometimes  called  invert  sugar,  occurs  as  a  colourless  syrup  in 
honey  and  juices  of  some  fruits.    It  is  non-crystalhsable,  and  rotates  -  106 

In' the  second  group,  or  disaccharids,  we  have  carbo-hydrates  wliich  may 
be  regarded  as  anhydrides  of  the  mouosaccharids,  with  the  formula  of 
C  H  0  Thus,  Lactose  or  milk-sugar  occurs  only  in  milk,  it  rotates 
polariled  light -f  6r-5  for  Aj,  and  is  much  less  soluble  in  water  and  alcohol 
than  grape-sugar.  Wlien  boiled  with  dilute  mineral  acids  it  passes  into 
galactose,  and  can  be  directly  transformed  into  lactic  acid  only  by  fermenta- 
tion :  the  galactose,  however,  is  capable  of  undergomg  alcohohc  fermentation 

with  yeast  (koumiss).  j  •  u  „  a^^i 

ij/aZfose  has  one  molecule  of  water  less  than  grape-sugar  and  is  the  final 
product  of  the  action  of  diastase  on  starch.  It  has  a  rotatory  power  of 
+  150°,  and  is  soluble  in  alcohol. 

Cane-sugar  or  saccharose  occurs  in  sugar-cane  and  some  plants  it  does 
not  reduce  a  solution  of  copper,  is  insoluble  m  alcohol  is  r^^Uro^^ 
7r -8  for  Ai  With  yeast  it  is  first  inverted  by  means  of  a  special  soluble 
ferment  produced  by  the  yeast  ceU,  and  then  there  is  an  alcohohc  fermenta- 
tion of  the  glucoses  so  fo/med.  men  boiled  with  dilute  acids,  it  becomes 
chan-ed  into  a  mixture  of  glucose  and  Ise^oilose  (invert  sugar). 

In  the  third  group  we  have  carbo-hydrates  with  the  formula,  ^C,H  0 
which  may  be  regarded  as  anhydrides  of  the  second  gi-oup.    The  chief 

'""'laS  whiS  constitute  the  chief  portion  of  the  seeds  of  the  various 
iitarcms,  wiiicll  combines  with  iodine  to  form  a  blue  colour, 

stance,  saliva,  pancreatic  and  in- 

San"ntttS:r  L~U.ce  snbstanoe,  Called  dextrin,  and 

"  »  &CTSma,  starch,  has  a  de.tro  rotatory  power  of 

some  other  molluscs. 
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Dextrin  occurs  in  beer,  and  in  the  juices  of  most  plants.  In  water,  it 
forms  a  sticky  solution,  from  whicli  it  is  precipitated  by  alcohol  or  acetic 
acid ;  it  also  slightly  reddens  with  iodine.  Dextrin  is  largely  present  in  the 
crust  of  bread,  and  if  examined  with  polarised  light  in  dilute  solutions, 
rotates  +  138° '88  for  Aj.  It  is  further  formed  from  cellulose  by  the  action 
of  dilute  sulphuric  acid. 

Among  carbo-hydrates  of  this  group  must  be  included  cellulose  and 
pectose.  Cellulose  constitutes  the  chief  framework  of  plants ;  it  is  quite 
insoluble,  and  apparently  without  any  dietetic  value.  When  boiled  with 
dilute  sulphuric  acid,  it  yields  dextrin  and  glucose.  In  a  similar  way, 
pectose  or  vegetable  jelly  is  found  in  various  ripe  fruits,  being  really  a  later 
stage  of  the  insoluble  body  present  in  most  unripe  fruits,  and  known  as 
pectin.    Its  precise  composition  is  unknown. 

Vegetable  Acids. — These,  though  not,  strictly  speaking,  foods,  play  so 
important  a  part  in  preserving  the  health  of  man  that  they  demand  some 
considerable  notice.  The  chief  among  them  are  tartaric,  citric,  malic, 
oxalic,  and  acetic  acids.  Tartaric  acid,  C4HgOg,  exists  largely  in  grape 
juice  chiefly  as  the  acid  tartrate  of  potassium  ;  Citric  acid,  CgHgO-,  is  found 
in  oranges,  lemons,  and  gooseberries ;  Malic  acid,  C4Hg05,  is  met  with  in 
fruits  belonging  to  the  rose  order,  such  as  apples  and  pears  ;  Oxalic  acid, 
C2H2O4,  is  present  largely  in  rhubarb  and  sorrel ;  Acetic  acid,  CgH^O.,,  con- 
stitutes the  active  element  in  vinegar.  Except  it  be  the  latter,  all  these 
vegetable  acids  contain  more  than  sufficient  oxygen  to  convert  all  their 
hydrogen  into  water.  These  acids  exist  mainly  in  fresh  fruits  and  vege- 
tables, either  as  free  acids  or  in  combination  with  alkalies  as  alkaline  salts, 
and,  when  taken  into  the  body,  form  carbonates,  which  exercise  a  control- 
ling influence  in  preserving  the  alkalinity  not  only  of  the  blood  but  other 
fluids ;  they  also  furnish  a  small  amount  of  energy  and  heat  by  oxidation. 
Their  absence  for  any  length  of  time  from  any  dietary  leads  to  a  peculiar 
lowering  or  weakening  of  the  blood,  resulting  in  the  disease  called  scurvy. 
It  is  possible  that  some  of  these  acids  are  not  only  derived  from  fruits  and 
vegetables,  but  also  in  a  small  degree  from  the  splitting  up  of  carbo-hydrates, 
so  that  even  the  latter,  in  an  indirect  way,  helj^  in  maintaining  the  alkalinity 
of  the  blood  and  other  animal  fluids. 

Mineral  Salts. — Among  the  mineral  salts  which  constitute  a  part  of  the 
proximate  principles  of  food  must  be  included  chloride  of  sodium  or 
common  salt,  the  phosphates  of  lime,  jiotash,  soda,  and  magnesium,  along 
with  small  quantities  of  sulphates  and  possibly  iron.  These,  in  their 
various  and  respective  ways,  are  essential  for  the  repair  and  growth  of  all 
parts  of  the  body.  The  uses  of  the  chlorides,  as  tyi^ified  by  common  salt, 
are  very  important.  The  complete  withholding  of  ordinary  salt  from  food 
leads  to  rapid  disease  and  even  death.  The  chlorides  generally  keep  in 
solution  the  globuhns  of  the  blood  and  other  fluids,  while  at  the  same  time 
they  are  the  source  of  the  hydrochloric  acid  of  the  gastric  juice,  and 
materially  aid  in  the  solution  of  albumin.  The  phosphates  of  lime,  potash,  and 
magnesia  contribute,  especially  in  the  young,  to  the  formation  of  iDone  ;  while 
iron  forms  an  important  part  of  the  haemoglobin  of  the  red  blood-corpuscles. 

THE  NUTRITIVE  FUNCTIONS  OF  THE  FOOD-STUFFS. 

The  physiological  evidence  that  these  classes  of  aliments  serve  difi'erent 
purposes  in  nutrition  is  not  so  complete  as  that  of  their  chemical  differences. 
A  broad  distinction  must,  of  course,  be  drawn  between  the  nitrogenous 
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and  non-nitrogenous  substances.  Modern  researches,  which  have  much 
modified  our  opinion  of  the  direction  in  which  the  potential  energy  of  the 
-dietetic  principles  may  be  manifested  (as  heat,  or  electricity,  or  meclianical 
movement),  and  of  the  mode  in  which  the  nitrogenous  substances  in  par- 
ticular aid  or  restrain  this  transformation,  do  not  impeach  tlie  proposition 
that  the  presence  of  nitrogen  in  au  organised  structure,  and  its  participation 
in  the  action  ^'oing  on  there,  is  a  necessary  condition  for  the  manifestation 
of  any  energy  or  any  chemical  change.  Whether,  when  energy  is  mani- 
fested the  mtrogenous  framework  of  any  nitrogenous  structure  is  a  mere 
stacre  on  which  other  actors  play,  or  whether  it  is  used  up  and  destroyed,  or 
is  on  the  other  hand,  built  up  or  renovated  during  action,  is,  so  far  as 
•  classification  of  food  is  concerned,  a  matter  of  no  consequence. 

In  the  dicrestive  tract,  both  animal  and  vegetable  proteids  are  trans- 
formed by  the  gastric  juice  into  syntonin,  albumoses,  and  peptones  ;  by  the 
pancreatic  juice  into  peptones  and  an  intermediate  body  while  part  of  the 
peptone  is  further  split  up  into  leucin  and  tyrosin.  Gelatine  is  also  trans- 
formed into  albumoses  by  the  stomach  and  small  intestine,  but  keratin  is 
not  digested  by  the  stomach,  only  by  the  pancreatic  juice  Brucke  tlunks 
that  some  of  the  native  proteids,  taken  as  food,  may  be  absorbed  as  such 
but  the  more  general  opinion  is  that  proteids  are  absorbed  mainly  if  not 
.only  in  the  fo?m  of  albumoses  and  peptones.  Albimioses  and  peptones 
thus  form  an  important  element  in  artificial  foods  for  invalids  but  it  is 
more  than  doubtful  whether  they  possess  the  same  nutritive  value  as  the 
Ordinary  proteids  of  food.  The  great  danger  m  regard  to  them  i  ,  that 
whra^Lge  quantity  is  given,  much  of  the  peptone  is  split  up  by  he 
pancreltic  juice  into  leucin  and  tyrosin,  and  may  thus  be  lost  as  food  to  the 

organism.  considerations  seem  to  prove  the  necessary  participation  of 

the  n  tro°enous  structures  in  manifestations  of  energy.  Every  struc  ure  in 
t  e  body  in  which  any  form  of  energy  is  mamf ested  (heat,  mechanical 
motion  chSiical  or  electrical  action,  &c.)  is  nitrogenous.  The  nerves,  the 
muscled  an^gland  cells,  the  floating  cells  in  the  various  liquids,  the  semen 
Tnd  he  ovarian  cells,  :ire  all  nitrogenous.  Even  the  non-ceUular  hqmd 
wit  out  into  the  alimentary  canal  at  various  points,  which  have  so  great 
aractfon  hi  preparing  the  food  in  different  ways,  are  not  only  mtrogenous 
butihe  consCy  of  this  implies  the  necessity  of  the  nitrogen  m  order  that 
fiipnotTons  shall  be  performed;  and  the  same  constancy  of  the  presence 
1iZCZ\^n  function  is  performed,  is  apparently  traceable  through 
tlre^fhofe  Vorld.  Surely  such  constancy  proves  necessity  Then,  if  t  e 
the  from  the  body,  the  various  functions  languish.    Th  s 

f  ° ooovr't  once  Z  every  body  contains  a  store  of  nitrogen,  but  it  is 
does  no  i/it  is  wished  to  increase  the  manifestation  of 

at  length  "^evitabk.  ^^2' ^        ^^^^.^  ^.^st  be  supplied.  The 

the  «-^^S\«^%f  p^;^  ,nd  that  the  nitrogenous  substances 

.experiments  of  P^tten^^^^^^^^^^  an  ^        -^^  ^^^^  absorption  of  oxygen. 

composing  ^^^.^''^^^'''fj^^^^  the  atmosphere,  its  conversion  into 

The  condensation  of  ^J^^  .^3^  to  oxidation  are,  according  to 

its  active  condition  (ozone),  and  its  appi™^^  nitrogenous  tissues 

energy  is  possible. 
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The  experiments  shoAv  tliat  the  absorption  of  oxygen  by  tlie  hmes  is 
■dependent  on  its  disposal  in  the  body,  and  that  this  disposal  is  in  direct 
relation  witli  the  absolute  and  relative  amount  and  action  of  the  nitro 
genous  structures.  Mechanical  motion,  electricity,  or  heat  may  be  owin- 
to  the  oxidation  of  fat  or  of  starch,  or  of  nitrogenous  substance;  but 
whatever  be  the  final  source,  the  direction  is  given  by  the  nitrogenous 
structures.  o  j  o 

The  proteids  are  further  a  source  of  fats  and  possibly  of  carbo-hydrates 
so  that  they  really  play  two  parts,  first,  that  of  regulators  of  oxidation  and 
of  the  transformation  of  energy;  and  second,  they  may  form  a  non-nitro- 
genous substance  which  is  oxidised  and  transformed.  That  fats  are  formed 
from  proteids  is  shown  by  the  following  :  1.  Carnivora  giving  suck  when 
fed  on  plenty  of  flesh  and  little  fat,  yield'milk  rich  in  fat.°  2.  A  cow  wS 
produces  one  poimd  of  butter  daily  does  not  take  nearly  this  amount  of 
fatty  matter  m  her  food,  so  that  the  fat  would  appear  to  be  formed  in  this 
case  from  vegetable  proteids. 

f^.f^^f^^f*-'^  P"''^^'-^'  °^  carbo-hydrate  also,  is  shown  by  the 

ZL  v,  ]  '1  ''''  deprived  of  glycogen  by  strychnine  poisoning,  this 

carbo-hydrate  appears  again  m  the  liver  and  muscles  under  the  influence  of 
chloral,  even  though  the  animal  is  starved.    As  to  how  this  is  brou-ht 

f^^wrfl!'    '^^  '/'''T*^^,'^  P^^^^^^^-    The  question  practically 

IS,  does  the  proteid  molecule  contain  carbo-hydrate  molecules  which  are 

afte^TreT?,^?.    1  '  "l?  '      '^"^  ^'^^'^ 

n  f h  1,  T^l ''''^  becoming  part  of  the  protoplasm,  change 

■Sobable  "e^l^^v"'"  T^t "    ^'^"'^^"S  *°  ^^^^ev,  the  latter  is  the 

Sotp?i  ..ol  ^  1    1'°'''  '"^l^^-  ^^"^^  ^*^^^P*^  ^^idence  that  the 

..rcart^vZt  r  Ti"'""  "  carbo-hydrate  moiety,  which  is  the  source 

•1  factth  ^"""^  ^i^^^  i«  correct, 

•  mit./lf  lf  P     .     ""''-f  P''^'*'^^  «^  b°th  fats  and  carbo-hydrates 

:r  sLrct  "  ""T"^''  "  PT*'^^  ^^l^i^^^  ^^J  replace  fat 

frnnw?  ?  1  ^^'^  ^he  digestive  system  of  man  is 

Smfn  fort  f'      f  be  taken  in 

ioteTds  orThp  hn!  '""Tt  ^"fii"^^'^  q^a^tity  from 

'■o^heatt^thl^hnr^^''^T^t^^^^^^^  ^^^^  ^^^'^  «f  energy  and 

^ot  lieat  to  the  body.    In  the  majority  of  national  dietaries,  fat  finds  a  place 

Itarv     Whenl'  '  1  '1"  .^T^"^"^'         8^^*^^  increased  if  the 

take7"  WWvi  S        .  '''''''  «f  involuntarily 

Swat  hZ^  "^'^^"^^  '-^^  tl^e  fat  of  the  body 

thlTnnSr  ?^P°«^ti«^  ^  this  fact  agrees  with  the  conclusion  that 

he  deposition  and  metabohsm  of  fat  in  the  body  is  due  to  cell  activity  and 

%drat%ol."^^^  "  '^^"^        proteid,  Ld  part  from  tiretrt' 

aWat  '^'^'^'""T^'^^^  1  carbo-hydrates  spares  not  only  proteid  food,  but 
iSdV  LllhuJ^fhr  V""'  '  ''^'''  '^  «^-gyin  the 

Xrs  on  muso  l.    ^  ^^f^i^^ents  of  E.  Smith,  Haughton,  and 

..non-nL^^rnous  .uH      '^'T.^  ^^e  oxidation  of  tlie 

:Hhese  a  e  Ats  -  ^^^  Tf'  .^"^  ^  «^P°"ments  have  yet  shown  whether 
■^is  thus  ch  eflv  ^^^^^^^^^  *°  b«  inferred  that  it  is  fat  whicli- 

■Bnrto  tie^nT^^^^^^^  tins  opinion  is  rather  derived  from  a  refer- 

to  the  universal  presence  of  fat  when  energy  is  manifested,  to  the. 
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;   r.f  ;f  in  rUpi-  /for  thousli  the  doc  and  the  rat  (Savory)  car» 
known  necessity  of  it  m  diet  <^lor  tnouj^u  b  amount 

live  on  fat-free  meat  alone,  man  cannot  do  so),  and  fiom  the  large  amount 

ments  on  pigs,  the  ^f^'^^^l'^'^'^''^^^^^^^^^  derived  from  the 

f  r:l^.elt  t  partly  from  nitrogenous 

^  S  S^^aSe-;S^  |e.  —  ^d 

wesWd  not  extend  tiie  -^--^^^^  -Jf,/f /^'^tra  J 

perfect  health  on  a  diet  composed  only  «         {^;^^„^'r;,haps  not  in  the 

Llts  and  water,  just  as  ^^^^'^^  ^atTr  ^  S  carbo  hydrates  would 

highest  health)  on  meat  fat,  salts  and  water     The  , 
then  be  proved  to  be  able  to  replace  fats,    ihe  «^P™;^'     , . 
*rfo  J.  o.  at  ,.ast  11  caWate. 

Many  authorities  state  that  lat  is  toimea  a       j    _        ^^^^^^  it  5^ 
and  the  weight  of  evidence  appears  to  favour  this  ^^^  ^  ^ 
so  formed  directly,  or  -directly  by  ^^^-d^^^^^^^^^^^  the  consumption 

and  proteid  constituents  of  the  food,  there  is  no  oou 

of  cai-bo-hydrates  results  in  the  ^-^^^f^^^^^^^  ma, 
Grouven's  experiments  '^^^^  ^l^f  ^^"^^jj-"^ 'f,^^^^^^        butyric  acids,  an. 
split  up  in  the  alimentary  ^anal  mto  glyc  me  lac  i  and       F  ^^.^^^^ 
carbon  dioxides  and  marsh  gas.    If  this  be  tuie, 

starches  would  be  merely  another  form  o±  ^ccur  in 

In  man  it  has  been  pointed  out  that,  as  f  eimentm  o  ^^.^ 

the  smaU  intestines  with  the  production  of  actic  jd  ^o^  ^^^^^  ^^^^^^^^^ 
fermentation  may  possibly  take  Place  n  the  carbo-hydrate  group 

By  this  change  the  sugar  '^'f^Xl^  ms  ^^^^^ 
into  the  fatty  acid  group,  and,  as  iostei  says,  i 

fat."  „  ,  ■     r.f  fot«  tn  parbo-hvdrates  m  the  animal 

The  possibiUty  of  the  conversion  of  * ^ts  to  ear  bo  iiya  that 

body  has  so  far  not  been  ^1^1//^!^ fs  e^pelS  unsatisfactory 
fats  do  yield  sugar  m  tlie  body,  ^^^^^  ^  the  partial  origin  of 

The  glycoside  constitution  of  P^^^^^^^^^f  p^vy,  has  already  been 
carbo  hydrates  from  proteids,  as  advanced  by  ^  l^  ^^^^^      3tored  a< 

mentioned:   he   further      ^^^^^^^  ,  ^^^^'esti^^^  to  form  proteid.  | 

glycogen,  or  as  they  pass  through  the^'^testmai  ^^    ,  .  ^^^.^^^^^  , 

pLibly'he  is  right:  but  to  ar^«;.^^^^^^^  maybe  buUt . 

somewhat  dangerous.    Though  aspa  agm  and  ca       ^      .^^^^^^^  ^^.i^ence  , 

into  the  protoplasm  ^'^^'f%±^''^i,^,7  in  animals  is  very  stroug.  ^ 
against  the  utilisation  of  the  f oimei  substanc  ^^^^      .^^  conformity . 

His  further  views  that  carbo-hydia tes  a  e  c  la  »  ^^^^^^^  ^akesl 

mth  the  results  of  many  experimenteis,  thou^n 

place  is  not  quite  so  clear.  hvdrates  of  food  undergo  in  the 

^    As  to  the  changes  which  the  ^^^^    °fi^^';'Xnoi^^^^^^^      the  important 
.  alimentary  canal,  tlie  most  recen  ^^^^^  the  complete  conversion 
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maltose  are  entirely  converted  to  dextrose,  while  cane-su-ar  is  snh> 
dextrose  and  tevulose.  It  is  probable  that  the  conversion  of  «f  T  • 
always  completed  before  absorption,  and  tharsome  of  fLl  )^ 

cons,derat.on  of  the  diets  used  by  aU  nations.  In  no  oL  in  XI  ' 
be  obtained  is  an  admixture  of  starch,  in  some  f  orm  ^ith  tt  L  tteT 

;S-raor-~^^^^^ 

nmust  be  ch  X  ow^l  fo  the  lr'T  f 'T*'"^^'  °^ 

cchlorides,  and  toTe^ase  with  w^,"  f  phosphates,  or  the 

ddirection  of  the  changes  whlwh        i       T'^'''^  ^  the 

ids  different  from  that  of  S.pV^  ^dergo  within  the  body 

^inferred  to  pky  SmiL  p^rt  '        ^"''^'^^^  ^^^^^ 

fthel/bl'ecfirs't^^W^^  too  far,  and  with  the  admission  that 

^oups  of  fa    and  carbo  htdT^tr  ^^^^^led  to  assert  that  the  two 

convertible  as  to  1 1  !   ''^^         mediately  and  completely 

iiiiets.  P  P^^^^  th^^  together  in  a  classification  of 

bhiefly?n^tl??orW^^  as  essential  as  the  nitrogenous  substances.  Lime, 
^eason^o  think  rceu  iS  '  "^^^"A^o^  no  tissue;  and  there  is 
morbid  groXs  and  l  .rS^       ^°  ''''  ^^'^^^^J,  enlarging 

Wult  goat  trf  t^lrdZTw^'l'^^^^^^  ''''  «f  - 

a-ably  lime  was  iawn  frl^  S*  *°      P'^'^^^^  because  pro- 

'^ull,  soThat  nLritirwt    .  g°^t  became  weak  and 

^To^th  of  wCt  rmie  nuitr Experiment  has  shown  that  the 

phosphoric  acid  than  of  ^  ^^^^^ually  checked  by  the  absence 
•-^wist  forms  of  iffe  wm  ot^er  constituent  from  the  soU.  The 

Magnesia  is  nrob.b  1  T  ^^'"^  '^'^^''"^  "^'^^^  phosphates. 
N8ues.^Pota  h  ?nd  toL  ""''"^  constituent  of  growth  in  some 

•iuaUy  important  and  wo?;i<1  phosphates  and  chlorides,  are 

^^rrents ;  forS  naJtrn^ll  ''T  n  '^P^'^^^^y  concerned  in  the  molecular 
^an  the  maSn  and  t'"  ^T""'''  "^^^  ^^^d,  so  to  speak, 

^  80  far  observabFe  that  "  '^^^'^^^^^^  distribution  ;  and  it 

issues,  such  as  the  h  nn/  ii^''''^'^  ^^""^^  t°  alkali  for  the  formed 

as  the  blood  cells  or  muscular  fibre ;  while  the  soda  salts  are 
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.ore  largely  contained  in  the  intercellular  fluids  which  hathe  or  encircle  the 

^h;  chlorine  and  phosphoric  acid  ^^^if^^,^^^^^^  aC'ryS^g 

the  former  apparently  be.ng  e  s^^^^  ro\S;i  s"ce\ein|  also  nLssary 
acid,  ^vhich  has  a  specia  action  on  prot^^^^^^^      1      ^^^^^^  remarkahle 

for  maintaining  the  gloj^^  "^..^J  ChTre  furnished  in  almost  all  food ; 
combining  properties  -ith  alk^^^^^^^^^^  auboSc  acid  is  both  introduced  and 
the  sodium  chloride  --^l^^  f  «P^^^^^^^^^^^^  serves  many  uses.  Iron  is,  of  course, 
made  in  the  system,  and  probably  serves  m  J  ^.^^  ^i^od- 

Sso  essential  for  certain  tissues  or  par  s,  ^specia^^^^^^  .^^ 
tpuscles,  and  for  the  -^-[-^T^^in  e^^^^^^^^^  The  sulphur  and 

is  found  almost  m  every  ^^er  especiaU^ 

phosphorus  of  the  tissues  ^PP^^^J^^^^^^^  in  the  system,  such  as 

^    Some  salts,  especially  ^l^of  ^i^e  the  alkalinity  to  the  system 

the  lactates,  tartrates,  <^^t^^  -^t  t%   the  molecular  currents.  The 

which  seems  so  necessary  to  ^«  "^^^tt  l^ree  we  call  scurvy,  appears  to 
.tate  of  mahiutrition  which  in  ts  highest^^^^^^  ^^^^^  ^,g,. 

follow  inevitably  on  their  absence    and  as  .    y        ^^^^^  ^.^^^  ^^^^ 
tables  it  is  a  well-known  rule  m  dietetics  to  sujp  ^     .     ^^^ant  are  those 
tfough  their  nutritive  power  o^berwise  is  small^   So.J^  ^^^^^  ^^^^^^^^ 
.ubsfances,  that  ^'^Z^!''^^' Zlus  ll  C^J  oi  sufficient  importance,  m 
Pavy  remarks  that  "  hese  P^^^'^^Pjf  consideration  under  a  distinct 

L^^tablS^^^  classes,  there  are 

In  addition  to  the  substances  compo^m^^^  ^^^^^^ 

■others  which  enter  into  many  ^^f '  ^^^^^^^^^^^  the  salts).    The  various 

foods,"  or  by  some  writers  l^l^^f^^'Zite  salivary  or  alimentary  secre- 
■condiments  which  give  taste  ^oJood,^v  ex  ^^.^^  substances  of  this 

tions,  and  tea,  coffee,  !^ooo^  f^o^ol^        fur     ^^^^  ^^^^^  ^^^.^^  ^ 

:ftLse^u2tats^^^^^^^^^  ,  ahments,  it  can  be 

With  regard  to  ^l^e  necessity^  a^^^^^^  ^ia  ^ 

affirmed  with  certainty  diet  of  proteids,  fat,  salts,  and 

live  for  some  time  and  can  be  hea  tliy  w  ^^^^^.^^^      exposure  to 

'alts,  and  water,  &c.,  without  fat.  ,f        one  of  these  classy 

The  exact  effect  produced  by       depnv  ^  ^^^^  rapid  «xidatiw 

is  not  yet  known.    An  excess  of  the  ^  .^^      excess  of  fat  lessen 

of  fat  (and  in  dogs  an  ^^'^'^fZ^jtemlt^r^on^^^^^  of  ^^^^^  T 
1  absVion  of  -4  effect  when  m  exces. 

albuminous  tissues.  ^.7,.:^      ti-,p  two  other  classes. 

and  appear  to  lessen       oxidation  of  ^he^^^^^^^^  ,^.^,t^ent  of  obes 

It  is  generally  admitted  that  the  success  0  .^^^  consequeii 

is  owing  to  two  actions  :        XTexexdse^^  ^ 

LtoSwIt^t  ^-"^"^^^^^ 

— i,,_otbema— 

r^^Si:l:ral!:;S^  pi^n,  may  be  made  as  follows 
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1.  Proteids. 

All  substances  containing 
nitrogen,  of  a  composition  iden- 
tical with,  or  nearly  that  of 
albumin ;  proportion  of  nitro- 
gen to  carbon  being  nearly  as 
2  to  7,  or  4  to  14. 


1  (a).  Substances  containing 
a  larger  proportion  of  nitrogen 
and  apparently  less  nutritious. 

Proportion  of  nitrogen  to  car- 
bon about  2  to  5^,  or  4  to  11. 

1  (b).  Extractive  matters,  such 
as  are  contained  in  the  juice  of 
the  flesh. 


E-tamples. 

'Albumin, 
Fibrin, 
Syntoniii, 
Myosin, 
Globulin, 
Casein, 
Alburaoses, 
L  Peptones, 


3  rGlutin, 
I  i  Legumin, 
^  LAlbumoses, 


Gelatine, 
Ossein, 
Chondrin, 
Keratin, 


Functions. 

Formiation  and  repair 
of  tissues  and  fluids  of 
the  body. 

Regulation  of  the  ab- 
sorption and  utilisation 
of  oxygen. 

May  also  form  fat  and 
carbo-hydrate,  also  yield 
energy  under  special  con- 
ditions. 

In  most  foods,  the 
above,  both  -ajiimal  and 
vegetable,  are\  largely 
converted  inta\  albu- 
moses  and  peptones  dur- 
ing digestion.  Native 
albumoses  are  present 
in  many  cereals. 

These  perform  the 
above  functions  less  per- 
fectly, or  only  under  par- 
ticular circumstances. 


These  substances  ap- 
pear essential  as  regu- 
lators of  digestion  and 
assimilation,  especially 
with  reference  to  the 
gelatine  group. 


s 


a 


(2.  Fats  (or  Hydrocarbons). 

Substances  containing  no 
nitrogen,  iiut  made  up  of  carbon, 
hydrogen,  and  oxygen  ;  the  pro- 
portion of  oxygen  being  hss  than 
sufficient  to  convert  all  the  hy- 
drogen into  water. 

Proportion  of  unoxidised  hy- 
drogen to  carbon  about  1  to  7. 

3.  Carbo-hydrates. 

Substances  containing  no 
nitrogen,  but  made  up  of  carbon, 
hydrogen,  and  oxygen  ;  the  oxy- 
-|  gen  being  exactly  sufficient  to  - 
convert  all  the  hydrogen  into 
water. 

Proportion  of  water  to  carbon 
being  about  3  to  2.  j 


3  (a).  Vegetable  acids  {and  pectous' 
substances  ?). 
Substances     containing  no 
nitrogen,  but  made  up  of  carbon, 
hydrogen,  and  oxygen  ;  the  oxy-  \- 
gen  being  generally  in  greater 
amount  than  is  sufficient  to  con- 
vert   all    the    hydrogen  into 
.water. 


Olein, 

Stearin, 

Margarin, 


Starch, 
Dextrin, 
Cane-sugar, 
Grape-sugar, 
Lactose  (or) 
milk-sugar. 


Supply  of  fatty  tissues, 
nutrition  of  nervous  sys- 
tem. Supply  of  energy 
and  animal  heat  by  oxida- 
tion. 


Production  of  energy 
and  animal  heat  by 
oxidation.  Form  fats 
and  possibly  some  pro- 
teid. 


Oxalic  acid. 
Tartaric ,, 
Citric  ,, 
Malic  ,, 

Acetic  , , 
Lactic  ,, 


(    In  these  the  "1    Preserving  the 


oxygen  \smore 
than  sufficient 
to  convert  all 


alkalinity  of  the 
blood  by  conver- 
sion intocarbon- 


the  hydrogen  \  ates  ;  furnish  a 


,  into  water. 
{  In  these  there 
-j  is  no  excess  of 
t  oxygen, 


small  amount  of 
energy  oranimal 
heat  by  oxida- 
J  tion. 


S 
a 


4.  Salts  (mineral). 


(  Sodium  chloride, 
I  Potassium  ,, 
-j  Calcium  phosphate, 
!  Magnesium  ,, 
LIron,  &c., 


^  Various :  support  of 
I  bonv  skeleton,  supply  of 
}-HCl   for  digestion,  &c. 

Regulators  of  energy  and 
J  nutrition. 
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THE  NUTRITIVE  VALUE  OF  THE  FOOD-STUFFS. 

In  the  preceding  section  we  have  learnt  the  part  the  various  food-stuffs 
play  when  taken  into  the  body  :  it  is  now  necessary  to  learn  their  nutritive 
value     To  begin  with,  if  we  lift  a  weight  by  our  hands,  muscular  force  is 
employed  in  the  act,  and  the  energy  evolved  in  this  or  any  other  muscular 
action  must  have  its  origin  or  source  in  something.    As  a  matter  ot  tact, 
the  energy  so  evolved  has  its  source  in  the  material  which  has  been  supphed 
to  the  body  in  the  form  of  food.    Every  process  of  our  bodies  no  matter 
whether  it  be  the  moving  of  a  hand  or  a  foot,  the  beating  of  our  heart,  or  the 
secretion  of  saUva,  is  attended  with  some  manifestation  of  energy,  and  tins 
energy  is  shown  in  one  or  other  of  two  forms,  namely,  either  mechanical 
labour  or  heat.    These  facts  will  be  more  clearly  understood  if  it  is  borne 
in  mind  that  what  is  called  energy  in  an  agent  is  merely  an  expression 
that  that  agent  is  capable  of  doing  work,  and  that  the  quantity  of  energy 
it  possesses  is  measured  by  the  amount  of  work  it  can  do     An  agent  or 
force  is  said  to  do  work  when  it  produces  any  change  in  the  condition  ot 
bodies:  therefore  energy  is  the  capacity  for  producing  physical  change. 
This  capacity  for  producing  change  or  energy  is  of  two  kinds,  namely 
Unetic  energy  or  the  energy  of  movement,  and  potenhal  energy  or  that  of 
position.    This  latter  term  means  various  forms  of   energy  which  are 
suspended  in  their  action,  and  which,  although  they  may  cause  motion,  are 
not  in  themselves  motion.    Thus,  a  coiled  watch-spring  possesses  energy  of 
position  or  potential  energy,  and  only  wants  a  touch  to  transform  ^^^^ 
energy  of  position  into  energy  of  movement,  or  potentia  into  i^iechamcal 
energy.    Moreover,  this  transformation  of  potential  into  kinetic  energy  or 
vice  versa,  can  take  place  without  any  part  of  the  energy  being  lost,  and  it 
is  furthe^  possible  to  convert  the  whole  of  the  energy  Po^^^^^f'^^^y 
body  into  heat.    Thus  if  a  piece  of  lead  be  thrown  from  a  high  tower  to 
the  ground,  and  if  it  strike  some  hard,  unyielding  substance,  the  movement 
of  the  lead'mass  is  not  only  arrested  but  its  kinetic  ^^^l^^  '^^'^^^^^ 
into  violent  vibratory  movements  of  the  lead  atoms.    As  a  result  of  this 
vTdent  vibration  of  atoms,  heat  is  produced,  and  the  amount  ofjl;^^  - Pro- 
portional to  the  kinetic  energy  of  the  lead,  which  ^§^-^''.^^^1  bJd^ 
its  potential  energy  when  in  position  on  the  tower.    In  the  human  body 
iL^oTnSy  movements  of  thi  whole  system  and  of  ix^dividual  organs  are 
constantly  being  transformed  into  heat.    If  we  regard,  therefore,  the  food 
we  consume  as  ^the  direct  source  of  aU  this  heat  and  the  mechanical  energy 

rspTa'd  by  the  body,  it  is  obvious  we  can  f  7^^^^  ^-^.^fs 
a  fair  idea  of  the  nutritive  values  of  various  food-stuffs.    The  problem  is 
however  not  of  a  uniformly  simple  nature.    In  ^"^^ ^^^^^^1:^^:^^,^^ 
mineral  salts  of  the  food,  their  nutritive  value  is  not  difficult  to  ascertain, 
because  they  are  simple  bodies,  and  do  not  undergo  any  very  great  chemical 
because  tney  are  bm  i  tive  value  of  the  proteids,  fats,  and  carbo- 

&"\  ':ev:''^s  not  so  eSy  t^  ^iS-mine,  beLse  nk  only  axe  they 
^^^.t^  Mes  in  Lmselves,  tat,  moreover,  undergo  complicated  and  .11- 
Ilttoo^thir- -i^n  the' bod; ;  their  nntritive  value,  therefore,  cannot 
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Mayer  aaid  Joule,  that  the  amount  of  power  or  energy  which  can  be 
•obtained  from  a  given  weight  of  matter  is  connected  with  and  proportional 
to  the  heat  given  out  during  its  combustion.  As  a  standard  of  measure 
of  heat,  we  have  the  "heat-unit,"  or  calorie.  This  heat-unit,  or  calorie, 
is  the  amount  of  energy  required  to  raise  the  temperature  of  1  gramme  of 
water  1°  C.  The  heat-unit  corresponds  to  425 '5  units  of  work,  which 
are  gram-metres :  that  is,  the  same  energy  required  to  heat  1  gramme  of 
water  1°  C.  would  raise  a  weight  of  42  5 '5  grammes  to  the  height  of  1  metre ; 
or  a  weight  of  425 '5  grammes,  if  alloAved  to  fall  from  a  height  of  1  metre, 
would  by  its  concussion  produce  as  much  heat  as  would  raise  the  tempera- 
ture of  1  gramme  of  water  1°  C. 

According  to  the  English  system,  the  heat-unit  is  the  amount  of  energy 
required  to  raise  the  temperature  of  a  pound  of  Avater  1°  F.,  and  will,  if 
manifested  as  a  mechanical  force,  raise  772  ft  a  foot  high,  or,  what 
amounts  to  the  same  thing,  1  lb  772  feet  high.  Thus  the  dynamic  or 
mechanical  equivalent  of  one  degree  of  heat  on  the  Fahrenheit  scale  is  said 
to  be  772  foot-pounds.  Adopting  the  Centigrade  scale,  then  the  mechanical 
•equivalent  of  1°  C,  or  T'S  F.,  will  be  1389  pounds :  that  is,  the  energy 
which  will  raise  the  temperature  of  1  lb  of  water  1°  C,  or  l°-8  F.,  will  be 
capable,  as  a  motive  power,  of  raising  1  ft  in  weight  1389  feet  high.  In 
England,  the  amount  of  work  done  is  commonly  expressed  as  foot-tons  or 
tons  lifted  1  foot,  Avhile  in  France  it  is  often  expressed  as  kilogram-metres 
■or  kilogranames  lifted  1  metre. 

Units  of  work,  expressed  according  to  the  continental  system  as  gram- 
metres,  can  be  converted  into  foot-pounds  by  multiplying  them  by  0-007233, 
and  into  foot-tons  by  dividing  by  311,000.  Similarly,  kilogram-metres  are 
■converted  into  foot-pounds  by  multiplying  by  7-233,  and  into  foot-tons  by 
•dividing  by  311. 

Applying  this  principle,  that  as  heat  production  is  related  to  the  amount 
■of  chemical  action  ensuing  so  likewise  is  mechanical  power  production,  we 
find  that  as  a  measure  of  the  utility  of  food,  the  value  of  the  various  food 
prmciples  as  mechanical  power  producers  will  correspond  with  their  value 
as  heat  producers.  Those  food  principles,  which  by  oxidation  give  rise  to 
the  greatest  amount  of  heat,  will,  of  course,  theoretically  have  the  greatest 
capacity  for  the  production  of  working  power;  that  is,  will  possess  the 
.greatest  potential  energy.  This  theoretical  potential  energy  is  not  only 
different  in  the  case  of  each  class  of  food-stuffs,  such  as  proteid,  fat,  and 
carbo-hydrate,  but  differs  also  in  different  foods  of  each  of  these  classes. 
In  the  case  of  many  food-stuffs,  their  actual  value  in  respect  of  capacity  for 
neat  production  has  been  determined  experimentally,  and  expressed  in 
relation  to  the  performance  of  work.  The  heat-equivalent  of  the  organic 
substances  cannot  be  exactly  computed  from  the  known  heat-equivalents  of 
•carbon  and  hydrogen,  because  of  the  amount  of  heat  Avhich  is  set  free  by 
!the  union  of  the  oxygen  with  tlie  carbon  and  hydrogen  ;  further,  a  part  is 
^sed  up  in  the  separation  of  the  hydrogen  atoms  from  "the  carbon  atoms,  and 
■of  the  carbon  atoms  from  each  other.  This  amount  of  heat  may  vary 
..greatly  in  different  compounds,  because  the  atoms  are  more  or  less  firmly 
■combmed  with  each  other,  and  varying  amounts  of  heat  are  set  free  by 
tteir  union.  Metameric  compounds  are  known  to  produce  different  heat- 
•equivalents. 

To  overcome  these  difficulties,  the  heat-equivalents  of  foods  have  been 
f  etermmed  by  direct  calorimetric  methods,  first  by  Frankland,  then  by  an 
improved  method  by  Stohmann  and  Rechenberg,  lastly  by  Danilewski  and 
■oy  Kubner.    Taking  the  above  mentioned  estimate  of  the  mechanical 
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equivalent  of  heat  as  a  basis  of  calculation,  the  following  table  has  been  con- 
structed, showing  both  the  units  of  heat  and  energy  developed  by  one  ounce 
and  one  gramme  of  various  substances  Avhen  fully  oxidised :  the  units  of  heat 
and  energy  being  expressed  according  to  both  the  English  and  metric  systems. 


Substance. 


Acetic  acid, 
Albumin  (egg), 
Ale  (Bass's), 
Alcohol  (fluid  ounces) 
Arrowroot,  . 
Bacon, 
Barley  meal, 
Barley  (pearl), 
Beef,  fat,  . 
Beef,  lean,  . 
Biscuit, 

Bread  (wheaten); 
Butter, 
Cabbage, 
Carbon, 
Carrots, 
Casein, 
Cellulose,  . 
Cheese, 
Chondrin,  . 
Dextrose,  . 
Eggs, 

Fibrin  (blood). 
Fish  (white). 
Gelatin, 
Glutin, 
Glycerin,  . 
Horseflesh,  . 
Lactose, 

Liebig's  Extract, 
Macaroni,  . 
Maltose, 
Milk  J^cow's), 
Milk  (human), 
Oatmeal, 
I  Peas,  . 
Pemmican,  . 
Peptone, 
Potatoes, 
Poultry, 
Rice,  . 

Starch  (wheat). 
Sugar  (cane), 
Sugar  (grape). 
Tartaric  acid, 
Urea,  . 
Vinegar, 


One  ounce  (dried)  yields 


English 
Heat-units. 


394 

628 
754 
786 
438 
997 
417 
414 
1,017 
572 
417 
490 
815 
417 
910 
310 
658 
466 
687 
552 
443 
745 
620 
553 
618 
690 
484 
542 
412 
495 
411 
467 
644 
545 
443 
551 
849 
553 
475 
556 
540 
504 
374 
368 
158 
238 
74 


Energy  as 
Foot-tons. 


135 
216 
260 
271 
151 
344 
144 
143 
351 
197 
144 
169 
281 
144 
314 
107  ■ 
227 
160 
237 
190 
153 
257 
213 
191 
213 
238 
166 
187 
142 
171 
142 
161 
222 
188 
153 
190 
293 
190 
164 
192 
186 
174 
129 
127 
54 
82 
25 


One  gramme  (dried)  yields 


Metric 
Heat-units. 


3,505 
5,577 
6,682 
6,980 
3,912 
8,847 
3,703 
3,678 
9,069 
5,103 
3,703 
4,351 
7,264 
3,703 
8,080 
2,752 
5,855 
4,146 
6,095 
4,909 
3,939 
6,610 
5,508 
4,912 
5,493 
6,141 
4,305 
4,809 
3,667 
4,400 
3,652 
4,163 
5,733 
4,837 
3,935 
4,889 
7,531 
4,914 
4,234 
4,934 
4,806 
4,479 
3,348 
3,277 
1,408 
2,121 
660 


Energy  as  Kilo 
gram-metres. 


1,489 
2,370 
2,841 
2,966 
1,664 
3,760 
1,574 
1,563 
3,860 
2,170 
1,574 
1,849 
3,077 
1,574 
3,434 
1,169 
2,488 
1,762 
2,590 
2,086 
1,674 
2,809 
2,340 
2,087 
2,334 
2,610 
1,829 
2,043 
1,558 
1,870 
1,552 
1,769 
2,436 
2,055 
1,672 
2,077 
3,202 
2,088 
1,799 
2,098 
2,042 
1,903 
1,423 
1,394 
598 
903 
280 


One  ounce  of  dry  albuminate  yields 

starch,  . 
"  cane-sugar, 
"  ,     lactin  or  glucose, 


173 
378 
138 
131 
124 


foot-tons  of  potential  energy. 
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One  grain  of  carbon  (converted  into  CO2),  0"710 

hydrogen  (water),    .          .  3 '000 

sulphur  (SO2),        .          .  0-205 

,,           phosphorus  (PiO^),  .          .  0'510 

,,            carbon  (forming  urea),        .  0"198 


foot-tons  of  potential  energy.. 


A  table  of  this  kind  is  useful  in  showing  what  can  be  obtained  from  our- 
food,  but  it  must  not  be  supposed  that  the  value  of  food  is  in  exact  relation 
to  the  possible  energy  which  it  can  furnish.  In  order  that  the  energy  shall 
be  obtained,  the  food  must  not  only  be  digested  and  taken  into  the  body 
properly  prepared,  but  its  energy  must  be  developed  at  the  place  and  in  the 
manner  proper  for  nutrition.  The  mere  expression  of  jDotential  energy 
cannot  fix  dietetic  value,  which  may  be  deijendent  on  conditions  in  the 
body  unknown  to  us. 

In  the  case  of  non-nitrogenous  foods,  it  is  probable  that  the  same  heat- 
equivalent  is  produced  in  our  bodies  as  in  a  calorimeter,  because  the  ultimate- 
products  of  their  combustion  are  the  same  ;  but  it  is  different  in  the  case  of 
food  containing  nitrogen.  In  a  calorimeter,  nitrogen  is  liberated  in  a  free- 
state  from  nitrogenous  food-stuffs,  but  after  the  decomposition  and  oxidation 
in  the  body  of  a  nitrogen  containing  food,  the  nitrogen  issues,  as  an  organic 
compound,  in  union  with  carbon  and  hydrogen,  and,  in  the  case  of  man, 
principally  as  urea.  Ordinary  albumin,  which  may  be  taken  as  a  fair  type: 
of  the  proteids,  yields  about  one-third  of  its  weight  as  urea.  In  order, 
therefore,  to  ascertain  the  heat-equivalent  of  the  proteid  in  our  organism,, 
we  must  deduct  one-third  of  the  heat-equivalent  of  urea  from  that  of  the 
albumin.  But  this  figure  would  come  out  rather  too  high,  because  the 
nitrogen  leaves  our  body  not  only  as  urea,  but  partly  as  a  compound  con- 
taining more  carbon  and  hydrogen.  We  shall  be  nearer  the  mark  if  we 
subtract  at  least  800  metric  heat-units,  per  gramme,  from  the  heat-equivalent, 
of  any  proteid  in  the  above  table;  thus,  taking  albumin  and  potatoes  as. 
examples,  we  obtain  a  figure  from  the  proteid  which  is  only  a  little  higher 
than  that  from  the  carbo-hydrate.  As  a  store  of  energy  in  our  bodies,  there- 
fore, the  carbo-hydrates,  are,  in  a  quantitative  respect,  about  equivalent  to  the 
proteids.    The  heat  equivalent  of  fats,  on  the  other  hand,  is  twice  as  great. 

As  illustrative  of  the  loss  on  the  consumption  of  different  foods,  the 
following  table  is  suggestive  : — 


On  the  consumption  of 


[acaroni, 


Beans  (boiled), 
Bread,  . 
Broccoli, 
Cabbage, 
Carrots, 

Mai 
Maize, 
Meat,  . 

Milk  (by  adults),  . 
Milk  (by  children), 
Pease  pudding. 
Potatoes  (boiled),  . 
Rice  pudding  (boiled), 
Rusks.  . 


Dry  substance. 


18-3 
4.4 

15-  0 

16 -  2 
21-0 

5-2 
5-0 
7-0 

5-  1 
9-5 

6-  2 
9-0 
9-2 

4-  1 

5-  0 


There  are  wasted  per  cent,  of^k  Ingested 

I^itrogen.        ^^K^ts  (ash). 

30-2  ^^1*3 

22-2  ^B'S 

18-0  T9-0 

17'5  18-4 


30-2 
22-2 
18-0 
17-5 
39-0 
2-6 

14-  0 

15-  0 
26 

10-5 
4-4 
17-5 
32-2 
20 -.5 
20-0 


3 
3 
0 

18-4 
34-0 
18-2 
23-0 
30-0 
18-1 
42-5 
42-2 
32-5 
15-8 
15-0 
21-0 


These  results  having  been  obtained  by  Kubner,  Prausnitz  and  otliers. 
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From  what  has  been  said,  it  is  evident  that  it  is  difficult  to  compare 
richtlv  the  potential  energy  available  by  the  burning  of  a  food-stuff  outside 
the  body  with  that  which  is  obtained  as  the  result  of  combustion  within  the 
body,  and  in  attempting  to  estimate  the  nutritive  values  therefrom  allow- 
ance must  be  made  for  the  diff-erent  degrees  of  digestibility,  the  effects  of 
cooking,  and  even  the  actual  bulk  taken.  In  the  case  of  fats,  their  nutritive 
value  seems  to  depend  largely  on  their  digestibiUty,  while  of  the  carbo- 
hydrates there  is  little  reason  to  tliink  that  starch,  grape-sugar  or  cane-sugar 
differ  much  in  their  nutritive  value,  though  Lawes'  and  Gilbert  s  experiments 
indicate  that  cane-sugar  is  more  fattening  than  starch.  Among  the  Foteids, 
we  know  that  gelatine  and  chondrin  have  a  lower  nutritive  va  ue  than  the 
ordinary  proteids,  and  that  vegetable  proteids  are  as  nourishing  as  the 

To^'foods  which,  when  burnt,  yield  the  same  number  of  heat-units,  the 
term  isodynamic  has  been  appUed,  as  expressing  in  terms  of  energy  their 
equivalence  to  each  other ;  that  is  to  say,  that  so  much  P-ftf  ^^V'^S^^T 
with  so  much  fat  or  carbo-hydrate.    Rubner  has  calculated  that  100  parts 
of  fat  during  combustion,  whether  within  or  without  the  ^ody   yield  as 
much  heat  as  213  parts  of  albumin,  as  232  parts  of  starch,  as  234  parts  of 
cane-su-ar    and  as  256  parts  of  dextrin.    These,  however,  are  scarcely 
pract  cd^'  useM  values,' since,  as  we  have  already  learnt,  the  severa 
nutritive  substances  are  not  perfect  substitutes  for  each  other.  Some 
German  authorities,  notably  Konig  and  Emmerlmg,  have  endeavoured  to 
obtaTn  a  nutritive  value  of  the  food-stuffs  as  based  on  their  -arket  Pnc« 
ratios.    Using  the  term  "nutrient  unit"  as  representmg  a  mere  national 
economic  standard,  they  say  that— 

1  part  of  carbo-hydrate  has  the  vahie  of  1  nutrient  unit. 
1  part  of  fat  has  the  value  of  3  nutrient  units. 
1  part  of  proteid  has  the  value  of  5  nutrient  units. 

We  ascertain  how  many  nutrient  units  are  contained  in  100  parts  of  a 
sutslLrafc^.lated  ouffrom  it.  analytical  -/^  Srcdct 

units  it  contains,  the  greater  is  its  economic  value.  Fui-thei,  we  may  caicu 
ZXl^t^jU^^^t  units  we  can  obtain  in  any  case  for  so  much  money, 
qav  for  instance,  one  shilling  (Lehmann).  .or         -a  ^■f^ 

'''Tta  ,  fa-  instance,  say  100  parts  of  bread  ~f  am  «  °£  protad^ 
fatand  60  of  earta-hjdrate.    Then  (8x6)  +  (l-6x3)  +  (60)-945  ortne 
™m  of  nntrient  nnits  per  100  ponnds  of  bread,  and  >1  »e  take  bread  to  be 
Zhly  a  p  m,y  a  v>li,  we  get  rather  more  than  11        f  Xer 

siifkt'kzpSoir^Tet^^^^^^^^^^ 

aionnt  of  mechanical  labour  done  """d  hef  P~^^^^^^ 

Teaf  ^taril^t- mfcrrri^s:  oT^S'sh  snfflcie«^^^^ 
faW  and  heat  ptodnction  in  the  bod,,  that  we  reqn.re  and  actually  take 
food. 
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In  round  numbers,  it  may  be  said  that  the  internal  work  and  heat  of  the 
body  amount  to  the  following : — 

Work  of  circulation,    .       .     242  foot- tons  or  75,200  kilogram-metres. 
Work  of  respiration,    .       .       39       ,,  12,100  ,, 

Calorific  work,    .       .       .    2519       „  783,400  ,, 

Of  the  total  energy  developed  by  oxidation  of  the  food  in  the  body,  it 
has  been  estimated  by  Helmholtz  that  the  animal  economy  is  capable  of 
turning  only  one-seventh  to  the  account  of  external  work,  after  allowing  for 
the  internal  work  of  the  body. 

The  late  Professor  de  Chaumont  reckoned  the  internal  work  to  be  equal 
to  about  2800  foot-tons  daily,  and,  according  to  him,  to  get  an  ordinary 
day's  work  done  (say  300  foot-tons),  we  require  five  times  that  amount  of 
energy  (1500)  in  addition  to  the  quantity  needed  for  the  body's  internal 
work  j  or  1500  plus  2800  =  4300  foot-tons  to  be  provided  from  the  material 
taken  in  its  food.    The  proportionate  increase  he  formulated  thus  : — 

300  X  (5 -fI-  +  A  +  ^-l- ....^  =  300x  14  =  4200. 

This  means  that  if  we  Avant  a  harder  day's  work  done,  say  450  foot-tons, 
mot  (450  X  5)  =  2250  foot-tons  of  energy  must  be  supplied,  but  (300  x  5)  -f 

■^300  X       =  2550,  and  so  on  in  proportion ;  2800  foot-toiis  being  supplied 

in  addition  for  the  internal  work,  or  2bbQ  plus  2800  =  5350  foot-tons. 

The  actual  productive  work  is  :  300  x^l  -|--L+-L^_L....^  =  300  x  2  = 

•600.  That  is,  the  greatest  amount  of  mechanical  work  that  can  be  per- 
formed by  the  body  under  ordinary  circumstances  is  600  foot-tons.  The 
potential  energy  to  be  suipplied  to  obtain  this  work  is  4200  foot-tons,  with 
2800  foot-tons  added  for  internal  work,  making  a  total  of  7000  foot-tons, 
•or  the  maximum  amount  of  energy  that  the  body  is  able  to  deal  with  in  the 
food. 

The  following  estimates  have  been  made  as  to  man's  work  : — 

Light  work,  from  150  to  200  foot-tons,  or  from  46,600  to  62,200  kilogram-metres  each  day. 
Average     „        300  „  350      „  „         93,300  „  108,800  „ 

Hard         „        450  „  500      „  „        139  900     155  500 

Laborious  „        500  „  600      ,.  „        155,500     186  600 


QUAl^TITY  OF  THE  FOOD-STUFFS  REQUISITE  TO 
PRESERVE  HEALTH. 

So  far,  we  have  discussed  the  nature,  uses,  and  nutritive  values  of  the 
tood-stuffs  individually ;  it  is.  necessary  now  to  consider  them  collectively 
m  reference  to  their  powers  of  maintaining  life— whether  any  one  of  them 
alone  is  capable  of  supporting  vitality— or  what  combinations  and  what 
quantity  of  them  experience  and  experiment  teach  us  are  useful  in  the  food 
01  man.  Tiere  is  abundant  evidence  to  prove  that  no  one  group  of  the 
alimentary  substances  is  alone  sufficient  to  sustain  life  for  any  length  of 
wme,  but  that  a  mixed  diet  is  necessary.  Such  evidence  is  derived  from 
mscinctive  proclivities,  from  considerations  of  the  comparative  anatomy  of 
ur  aigestive  organs,  from  experience  and  experiment.  That  man  cannot 
thp  upon  any  one  group  of  the  food-stufi-s  is  shown  by  an  examination  of 
■  howeT^  k-''      d  l""^'^'  ^^^le  daily  loss  by  the  kidneys, 
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Various  experiments  by  Parkes,  Smith,  Playfair,  Haughton  Fick,  and 
Katikc  have  shmvn  that  an  average  man  gives  off  307  grams  of  mtrogen  and 
4700  grains  of  carbon  daily.  If  he  wishes  to  keep  m  health,  this  daily  loss- 
of  nitrogen  and  carbon  must  be  made  up  by  a  corresponding  intake  of  tiiose: 
elements  with  his  food.  If  such  a  man  subsisted  only  on  a  carbo-hydrate 
St^uff-say,  for  instance,  bread,  which  contains  116  grains  of  carbon  and 
5  5  erains  of  n  trogen  in  each  ounce-he  would,  in  order  to  obtain  the  307 
grains^  nlogen  needed  by  him,  have  to  consume  3-1  ft  o  bread^  while  at 
the  same  time  the  necessary  quantity  of  carbon  is  contained  in  2  5  lb.  Ur, 
to  talTthe  ^^^^^^^^^  case  of  a  man  wishing  to  live  on  beef  (representing 

tifmote  Lrand  having  a  composition  of  60  grains  of  carbon  and  10-3  grains- 
of  rtro' en  n  each  ounce,  he  would,  in  order  to  obtain  his  4700  grains  of 
carbo  have  to  eat  daily  no  less  than  4-7  ft  of  that  substance,  while  the 
requi  id  307  grains  of  nitrogen  are  contained  in  1-3  lb.  Therefore,  to  ob  am 
tS  proper  quantity  of  carbon,  he  would  be  consuming  a  quantity  of 
meat'^^wWch  ^contai/s  nearly  four  times  the  amount  of  nitrogen  actually 

''"^'Sre  general  principles  of  diet  may  be  summed  up  thus  :-(!)  No  single 
'standard  Diets  -Experience  teaches  us  that  our  requirements  as  to  food 

health  and  bodily  weight  are  to  be  ^^^mtai^^^^  ixis  u  j  -^^^..^^^^  of 
these  elements  in  the  proportion  mentioned  ?^f  *°;jX-en  from  the 
nitrogenous  equilibrium  it  is  not  -^^^^  j^f -f  ^^^^^^^  supplied  in 

system  should  be  just  balanced     If  ^^^f^  V^^^     \  being  the  meta. 

the  food  it  will  still  continue  to  be  e  nnnated,  ite  so^^^^^^^ 


the  food  it  win  stiii  cunw^uo  ^-^  ,,;trocren  import  has  to  be 
holism  of  the  tissues  which  ««^^*«"V,  hm^ n^^^^^^  tl"^«« 
considerable,  in  order  that  the  ^q^^l^  ™^^  no  food  is  taken.  The 
times  the  amount  of  ^^^^rogen  excreted  whe 
channels  by  which  this  element  ^^^If  ^''iJ^^  the  kidiley 
lungs,  and  skin;  nearly  he  whole  of  it  comes  ^^^^^^ 
form  of  urea,  so  that  the  quantity  f  "  J  j^^™  Thirty  grammes- 
measure  of  the  mtrogenous  ^^^^^^^^'^^l^'l^^^^^  in  SO' 

-„  Knn  nf  nrp.a  are  resarded  as  tue  "ormai  tia  j_   '  „4.;f,r  f.Vini. 
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.leaves  by  the  intestine — viz.,  10  per  cent,  of  the  total  nitrogen  eliminated 

 and  we  have  an  accurate  statement  as  to  the  daily  nitrogen  export,  for 

the  amount  discharged  by  the  lung  in  the  form  of  ammonia  in  the  expired 
.air  is  infinitesimal,  and  the  same  remark  applies  to  escape  by  the  skin.  A 
.systematic  examination  of  the  diet  tables  of  the  industrial  classes  shows 
that,  with  few  exceptions,  individiials  are  not  taking  in  their  food  that 
•excess  of  proteid  or  animal  food  necessary  to  maintain  their  nitrogenous 
-equilibrium.  It  is  probable  that  poor  people  when  long  underfed  become 
.accommodated  to  a  low  minimum,  and  that  health  may  for  a .  time  be 
thus  well  maintained,  but  this  takes  place  at  a  sacrifice,  for  experience 
indicates  that  where  the  nitrogen  import  is  kept  at  the  minimum  for  any 
lengthened  period,  the  individuals  subsequently  become  the  subjects  of 
tuberculous  disease. 

From  the  researches  of  Playfair,  Smith,  and  others,  the  usual  range,  in 
the  diet  of  an  adult  man,  of  nitrogen  is  daily  from  250  to  350  grains,  or 
from  16  to  23  grammes.  The  extremes  being  180  grains  (11 '6  grammes) 
in  a  minimum  or  sustenance  diet,  to  500  grains  (32 '4  grammes)  taken  during 
very  great  exertion.  Of  carbon,  the  daily  need  seems  to  be  from  3500 
to  6500  grains,  or  from  230  to  420  grammes.  Smith's  observations  show 
from  135  grains  (8"7  grammes)  of  nitrogen  and  3270  grains  (212  grammes) 
■of  carbon  in  the  diet  of  London  needlewomen,  to  350  grains  (23  grammes) 
•of  nitrogen  and  6200  gi-ains  (400  grammes)  of  carbon  in  that  of  railway 
navvies.  The  diets  in  English  convict  prisons  sho'w^  the  nitrogen  and  carbon 
to  vary  from  226  and  4356  grains  (14'5  and  282  grammes)  in  the  light 
labour  diets,  to  263  and  5013  grains  (17  and  323  grammes)  in  the  hard 
labour. 

The  carbon  seems  to  vary  from  3600  to  5800  grains  (233  to  374  grammes) 
in  diets  generally.  AVeston,  while  Avalking  50  miles  a  day  on  the  flat,  and 
■doing  something  like  790  foot-tons  of  external  work,  consumed  daily  on 
an  average  545  grains  (35  grammes)  of  nitrogen  and  7880  grains  (510 
grammes)  of  carbon,  or  just  about  twice  the  amount  of  each  which  will 
support  ordinary  work.  The  more  recent  inquiries  of  Oliver  into  the  nature 
•and  amounts  of  the  daily  dietaries  of  the  working  classes  are  in  accordance 
with  the  above  figures.  The  experiments  of  Parkes  and  Pettenkofer  upon 
men  to  a  great  extent  confirm  the  conclusions  as  to  the  daily  needs  of  man 
•as  drawn  from  a  study  of  class  diets.  The  amounts  of  carbon  and  nitrogen 
taken  daily  in  food  are  of  the  highest  importance,  since  these  are  the  chief 
•elements  which  undergo  metabolism  in  the  body.  In  100  grammes  of 
proteid  there  are  54  of  carbon,  16'1  of  nitrogen,  and  7"1  of  hydrogen;  in 
the  same  quantity  of  fat  there  are  76-5  of  carbon  and  10*9  of  hydrogen ; 
whilst  in  carbo-hydrate  there  are  44  of  carbon.  According  to  Eanke,  fat 
•contains  79  per  cent,  of  carbon,  and  carbo-hydrate,  i.e.,  starch,  37  of  carbon. 
The  following  table  shows  the  quantity  of  carbon,  nitrogen,  &c.,  in  each 
■ounce  of  the  various  dried  food-stufFs  :— - 


One  Ounce  (dried). 

Nitrogen. 

Carbon. 

Hydrogen. 

Sulphur. 

Proteids, 

Fat,  

Carbo-hydrates  : — 

1.  Starch, 

2.  Cane-sugar, .       .  . 

3.  Grape-sugar, 

4.  Milk-sugar,  . 

70  grains. 

212  grains. 
336  „ 

194  „ 
184  „ 
175  „ 
175  „ 

8  grains. 
48  „ 

6  grains. 
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The  total  carbon  in  an  ounce  of  proteid  is  233  grains,  but  of  this  30  grains 
are  only  metabolised  as  far  as  urea,  and  oxidised  as  carbon  monoxide ; 
making  allowance  for  this,  we  have  a  nett  total  equal  to  212  grains  of 
carbon  fully  oxidised  from  each  ounce  of  dry  proteid. 

Assuming  these  compositions  in  terms  of  nitrogen  and  carbon  of  the  various 
food-stuffs,  and  accepting  that  the  daily  need  of  an  average  adult,  weighing 
150  Tb  or  68  kilogrammes,  to  keep  in  health  is  equal  to  307  grains  (20 
grammes)  of  nitrogen  and  4700  grains  (305  grammes)  of  carbon,  certam 
standard  diets  have  been  compiled.  The  following  proposed  by  Moleschott 
may  be  accepted  as  the  most  representative,  though,  perhaps,  the  fat  is  stated 
rather  too  low. 


For  300  Foot-tona,  or  93,000 
Kilogram-metres. 

Oz.  Av. 

Gram. 

N.  Gra. 

C.  Grs. 

Proteids, . 
Fats, 

Carbo-hydrates, 
Salts, 

Total  water- 
free  food, 

- 

4-59 
2-96 
14-26 
1-06 

130 
84 

404 
30 

321 

973 
994 
2710 

j  22-87 

648 

321 

4677 

For  323  Foot-tons,  or  100,000 
Kilogram-metres. 


Oz.  Av. 


4-94 
3-17 
15-31 
1-13 


Gram.  N.  Grs. 


140 

90 
434 
32 


24-55 


696 


346 


346 


C.  Grs. 


For  480  Foot-tons,  or  150,0 
Kilogram-metres. 


Oz.  Av.  Gram. 


1047 
1065 
2909 


5021 


6-00 
4-00 
17-00 
1-50 


28-50 


170 
113 
481 
42 


806 


N.  Grs. 


420 


420 


69, 


As  standard  diets  for  bare  subsistence  and  for  rest,  the  following  may 
be  taken : — 


Subsistence. 

Ounces  Avoir. 

Grammes. 

IT.  Grains. 

C.  Grains. 

Proteids,  . 
Fats, 

Carbo-hydrates, 
Salts, 

2-0 
0-5 
12-0 
0-5 

57 
14 
340 
14 

140 

424 
168 
2280 

Total  water- 
free  food, 

15-0 

425 

140 

2872 

Eest. 


Ounces  Avoir.  Grammes. 


2-5 
1-0 
12-0 
0-5 


16-0 


N.  Grains. 


71 
28 
340 
14 


453 


175 


175 


C.Gra. 


53 
■83 


314 


The  subsistence  diet  is  calculated  as  sufficient  for  the  internal  mechanical 
work  of  the  body,  but  it  is  doubtful  if  an  average  man  could  exist  on  it 
without  losing  weight,  as  it  supposes  absolute  repose. 

The  diet  for  rest  supposes  very  gentle  exertion,  and  is  Probably  the 
minimum  for  a  male  adult  of  average  size  and  weight,  say  150  lb  or  be 

^"^TachToiistituent  named  above  is,  theoretically,  absolutely  ^ater-free 
but  practically  the  amount  of  water  present  in  the  so-called  sohd  food  would 
be  from  100  to  150  per  cent,  more,  so  that  the  weights  respectively  would 
be  about  32  to  40  ounces  gross  (907  to  n  34  grammes). 

For  mere  subsistencet  without  doing  visible  work,  a  man  therefo^ 
requires  about  ^  of  an  ounce  of  water-free  food  for  each  lb  weight  of  his 
body,  or  about       of  his  total  weight  every  twenty-four  hours. 

Assuming  the  water-free  food  to  be  23  ounces,  and  a  mans  weight  to 
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be  150  K),  each  ft  weight  of  the  body  receives  in  twenty-four  hours  0"15 
ounce,  or  the  whole  body  receives  nearly  j-^^  jiart  of  its  own  weight. 
Expressed  in  another  way,  for  every  kilogramme  of  bodj^  weight  there 
should  be  2  grammes  of  proteid,  1'5  gramme  of  fat,  6  grammes  of  carbo- 
hydrate, and  0'5  gramme  of  salts — in  all  about  10  grammes  or  1  per  cent, 
of  sohd  food. 

This  is  the  dry  food,  but  a  certain  amount  of  water  (between  50  and  60 
per  cent,  usually)  is  contained  in  ordinary  food,  and  adding  this  to  the 
water-free  solids,  the  total  daily  amount  of  so-caUed  dry  food  (exclusive  of 
liquids)  is  about  48  to  60  ounces.  In  addition  to  this,  from  50  to  80  ounces- 
of  water  are  taken  in  some  liquid  form,  making  a  total  supply  of  water  of 
70  to  90  ounces,  or  an  average  of  0'5  ounce  for  each  pound  weight  of  body. 
The  proportion  of  the  nitrogenous  substances  to  the  fats,  carbo-hydrates,, 
and  salts  in  the  standard  diets  is  practically  as  follows  : — Proteids  100,  fats 
65,  carbo-hydrates  315,  and  salts  23.  In  all  diets,  a  certain  proportion 
between  the  carbon  and  nitrogen  ought  to  be  maintained ;  in  the  best  diets 
this  is,  nitrogen  1  to  carbon  15. 

This  average  amount  of  food  and  water  varies  considerably  from  the 
follo"\\"ing  causes : — 


1.  Individual  conditions  of  size. 


the  ehminating 


&c. 


activity  of  circulation,  and  of 


No  men  eat  exactly  the  same,  and  no  single 
standard  will  meet  all  cases.  The  usual  average  range  in  different  male 
adults  is  from  40  to  60  ounces  of  so-called  solid  food,  and  from  50  to  80 
ounces  of  water.  The  following  table,  after  Konig,  shows  the  minimum 
daily  need  of  food-stuffs  at  different  ages  : — 


Proteids. 

Fats. 

Carbo-hyrates. 

Age  or  Condition. 

Ounces. 

Grammes. 

Ounces. 

Grammes. 

Ounces. 

Grammes. 

Child  up  to  1^  year,  . 
Child  from  6  to  15  years. 
Adult  man. 
Adult  woman, 
Old  man,  . 
Old  woman. 

0-7-1 -26 
2-4.5-2-8 

4-1 
■  3-2 

3-5 

2-8 

20-36 
70-80 
118 
92 
100 
80 

1-1-6 
1-3-1-75 
1-96 

1-  54 

2-  38 
1-75 

30-35 
37-50 

56 

44 

68 

50 

2-1-3-1 

8-75-14 
17-5 
14-0 
12-25 
9-1 

60-90 
250-400 
500 
400 
350 
260 

2.  Differences  of  exertion.  If  men  are  undergoing  great  exertion  they 
take  more  food,  and,  if  they  can  obtain  it,  the  increase  is  especially  in  the 
classes  of  proteids  and  fat. 

This  would  represent  of  so-called  solid  food  from  66  to  77  ounces  (1870 
to  2180  grammes). 

The  amount  of  water  is  also  increased,  but  is  very  various  according  to 
circumstances,  and  is  apparently  not  so  much  augmented  as  the  solid  food. 
_  3.  Differences  of  climate.  It  is  a  matter  of  general  belief  that  more  food 
IS  taken  in  cold  seasons  and  in  cold  countries  than  in  hot.  It  is  supposed 
that  more  energy  in  some  form  (finally  in  that  of  heat)  is  necessary,  and  more 
food  is  required ;  but  there  may  be  other  causes,  such  as  varying  exertion. 

Having,  therefore,  an  established  series  of  dietetic  standards  and  a 
knowledge  of  the  chief  points  to  which  attention  must  be  directed  in  regard 
to  food,  it  is  important  to  be  able  to  examine  any  given  diet  in  the  light  of 
tjiese  facts,  and  be  able  as  well  to  construct  a  dietary.  To  do  this,  however, 
It  IS  necessary  to  have  some  knowledge  of  the  mean  composition  of  the 
various  articles  of  diet.    The  following  table,  constructed  from  various 
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■•smu'ces,  shows  the  percentage  composition  of  the  more  ordinary  articles  of 
food : —   


Articles  of  Food. 


In  100  parts. 


Proteids. 


Fats. 


j  Carbo- 
hydrates. 


Beef,  lean, 

medium, 

very  fat, 
Veal,  lean. 

Mutton,  medium, 
very  fat. 
Pork,  lean, 

„    fat,.  . 
Bacon,  dried, 
Ham,  smoked,  . 
Meat  powder,  dried. 
Horseflesh, 
Herring,  . 
Pike, 
Carp, 

Salt  cod,  . 

Canned  meat  (American), 

Corned  beef  ^Chicago), 

Pemmican, 

Poultry,  . 

Ham  sausage, 

Beef  sausage. 

Eggs,  hen's. 

Milk,  cow's, 
,,  gofit's, 

condensed,  English. 
,,  Swiss,  sweetened, 
J,     ,,  unsweetened, 

Cream, 

Butter,  fresh, 
,,,  Salt, 

Margarin,  . 

Cheese,  Dutch, 

,,     single  Gloster 
]]     poor  quality, 

Eels, 

Goose, 

Bread,  average  wheaten 
Biscuits,  . 
Flour,   wheat  of  average 

quality, 
Barley  meal, 
Oat  meal, 
Maize, 
Macaroni, 
Arrowroot, 
Potatoes, 
Peas, 
Rice, 
Turnips, 
Parsnijis, 
Carrots, 
Cabbage, 
Soja  beans. 

Cocoa  powder  (Dutch), 
Chocolate  (French),  . 


20-0 
20 -.5 

16-  75 

18-  88 

19- 20 

17-  11 
16-62 

20-  25 
14-54 

8-80 
24-00 
69-50 

21-  71 
14-55 

18-  42 
21-86 
27-00 
29-00 
23-30  1 
35-40 
21-00 

12-  87 
27-31 

13-  50 
4-20 
4-29 

12-00 
12-80 

11-  35 
2-70 
2-00 

0-75 
•28-00 

31-  00 

32-  00 

12-  50 
16-00 

8-  00 

10-  60 

11-  00 

12-  70 
12-60 
10-00 

9-  00 

0-  80 
2-00 

22-00 
5-00 

1-  00 
1-30 
1-00 

5-  00 
33-40 
19-66 

6-  18 


3-  5 

8-  4 
19-0 

4-  41 
7-20 

5-  77 
25-61 

6-  81 
37-34 
73-30 
36-50 

5-84 

2-  60 

9-  00 

0-  53 

1-  00 
0-36 

11-50 
14-00 
55-20 

3-  80 
24-43 
19-88 
11-60 

3-  70 

4-  70 

8-  40 
11-00 
11-25 
26-70 
85-00 
80-00 
82-00 
23-00 
28-50 

9-  00 
28-50 
45-50 

1-50 

1-  30 

2-  00 
2-00 

5-  60 

6-  70 
0-30 

6-16 
2-00 
0-80 
0-20 
0-70 
0-20 
0-50 
17-70 
13-61 
20-00 


0-42 


10-52 
15-10 

4-50 
4-60 
50-80 
48-70 
13-35 
2-80 


1-00 

7-bo 


49-20 
73-40 

71-20 
71-00 

63-  00 

64-  50 
76-80 
83-50 
21-00 

53-  00 
83-20 

6-  80 
14-50 
10-00 

7-  80 
29-10 
12-60 

54-  00 


Salts.  1 

Nitrogen. 

Carbon. 

1-6 

3-2 

12-62 

1-6 

3-28 

15-37 

3-5 

2-68 

22-62 

0-5 

3-02 

12-74 

1-33 

3-07 

15-00 

1-33 

2-73 

12-87 

1-10 

2-65 

27-50 

1-10 

3-24 

15-43 

0-80 

2-32 

35-27 

2-90 

1-40 

59  -40 

10-10 

3-84 

39-37 

13-25 

11-12 

39-08 

1-10 

3-47 

12-80 

1-78 

2-32 

11-25 

1-00 

2-94 

9*60 

1-33 

3-49 

11*68 

22-00 

4-32 

13-77 

3-60 

4-64 

23-10 

4-00 

3-72 

22-00 

1-8 

5-60 

59-10 

1-2 

3-36 

13-35 

3-3 

2-05 

29-48 

5-5 

4-36 

35-35 

1-0 

2-16 

15-45 

0-7 

0-67 

6-67 

0-76 

0-68 

7-50 

2-00 

1-92 

32-62 

2-40 

1-96 

33-88 

2-00 

1-81 

19-44 

1  -SO 

0-43 

22-49 

1-00 

0-32 

64-75 

3-00 

60-00 

5-22 

6-12 

61-87 

7-00 

4-48  . 

31-50 

4-50 

4-96 

36-80. 

4-00 

5-12 

25-55 

1-50 

2-00 

'  27-55 

0-50 

2-56 

41-90 

1-30 

1-28 

27-25 

1-70 

1-70 

41  -94 

0-80 

1-76 

39-04 

3-00 

2-03 

:  39-80 

3-00 

2-01 

38-85 

1-40 

1-60 

39-03 

0-80 

1-44 

39-87 

0-30 

0-12 

38-00 

1-00 

0-32 

10-57 

2-40 

3-52 

36-35 

0-50 

0-80 

40-50 

1-00 

0-16 

3-37 

1-00 

0-20 

6-96 

1-00 

0-16 

4-65  - 

1-20 

0-80 

6-00 

4-10 

5-34 

41-54 

i  3-60 

3-13 

25-00 

,2-20 

1 

0-98 

39-69 

i 

Plate  VI 
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Calculation  of  Diets.— Of  course  the  above  figures  are  largely  approximate 
l3ut  are  sufficiently  accurate  for  the  calculation  of  any  dietary,  the  mode  of 
doing  which  is  very  simple.  The  quantity  of  uncooked  meat  or  bread  bein^r 
known,  and  it  being  assumed  or  proved  that  there  is  no  loss  in  cookin"-  a 
rule  of  three  brings  out  at  once  the  proportions.  Thus,  the  ration  allowance 
■of  meat  for  soldiers  being  12  ounces,  2-4  ounces,  or  20  per  cent.,  is  deducted 
for  bone,  as  the  soldier  does  not  get  the  best  parts.    The  quantity  of  proteid 

in  the  remaining  9-6  ounces  wiU  be  ^'^^^=l-QG^  the  fats  will  be 

O-8064,  and  the  salts  0-1636  ounce.  So  agaur,  in  the  case  of  eggs,  if  two 
■eggs  be  used,  each  weighing  2  ounces,  10  per  cent,  must  be  deducted  for 
shell  from  the  weight  of  egg.  This  gives  3-6  ounces  as  the  nett  wei^^ht  of 
egg  available,  and  taking  the  composition  of  eggs  to  be  as  given  in  theteble 
we  get,  proteids  0-48  ounce,  fats  0-41  ounce,  and  0-036  ounce  of  salts  from 
the  two  eggs. 

Whenever  practicable,  the  nutritive  value  should  be  calculated  on  the 
raw  substance,  as  the  analyses  of  cooked  food  are  more  variable.  Allowance 
must  then  be  made  for  any  loss  which  occurs  in  cooking :  this  should  not 
be  great,  but  very  often  in  ordinary  domestic  cooking  tliis  may  amount  to 
as  much  as  30  or  40  per  cent. 

Although  a  diet  may  fulfil  theoretical  requirements,  practical  experience 
soon  shows  that  it  must  be  sufficiently  varied.  It  is  the  great  diversity 
which  exists  as  regards  the  food  consumed  by  the  human  race  in  all  parts 
oi  the  wor  d  that  is  the  most  remarkable  feature  in  the  study  of  dietaries 
Some  people  live  upon  a  wholly  vegetable,  others  on  a  wholly  animal,  and 
others  on  a  mixed  diet.  It  has  already  been  explained  how  unsuited  any 
sing  e  vegetable  food,  such  as  bread,  or  any  single  animal  food,  such  as 
meat  IS  to  supply  the  daily  requirements  of  the  body,  and  how  a  judicious 
mmghng  of  the  various  food-stuffs  affords  the  greatest  nourishmeit  in  the 
Ieast_bu  k._  The  mixed  diet  may  be  regarded  as  that  which  in  Nature's 

h  'L\\    ffr^        't™f  On  this  he  appears  to  attain  the 

Mghest  mtellectual  and  physical  vigour,  and  it  is  this  diet  which  he  con- 
sumes by  general  inclination  when  circumstances  allow  the  inchnation  to 


guide  him;  also  it  is  m  conformity  with  the  construction  of  his  teeth  and 

*5  to™X^:VM  '''^'''T-  S^^^^^l-    However,  where 

r.etlel-!f  .1  ^'"^'^  '""^^^  ''''''    1^^™^^^^-  ^^it-bihty  for  a  purely 

strfn.  n.^f '  ^'Y'fl^^'  1^  f'-^^^o^r  of  a  mixed  diet  are  not  sufficiently 
s  strong  for  the  reversal  of  the  customs  of  many  a^es 

.  articles  oT,? °'  °f  ^  ^^^^  i"to  terms  of  food 

TS^b'ZoZIZI  ^^^'^^^  '"'^'^  calculation 

iSnvH    1     V  .        food-Stuffs  can  properly  measure  the  efficiency  of  anv 

Ce  wm  bf;.t  r  considered;  tl7ch  ef  of 

t  t".  absorbability  of  proteid,  digestibility  of  food,  and 

^  ingfllTTahie^f^^^f^^^^^^^^  '"^"^l^^^'^S  to  form  an  opinion  concern- 
^aSLl  t.b]of  '~^^«^^^f\'^^nmud  and  vegetal,le  foods,  especially  from 
p  2     In t  L';..r  f        '^rf  consideration  the  following 

I  Wid  to  havo  r^'^^''  °^  ^'''^  ^^^^  «f  P^ot^id  cannot 

^has  Wn  as  Ziio  l  ^^^^  ?^t«"nined ;  the  amount  of  nitrogen  only 

.  W  unde   t  Je  nlo  V    T  proteid  has  been  calciJ- 

'  food,  S  that  al  k?n?        "'f -f"  compound  exists  in  the 

'  W  Se  asimi  of  nitrogen.  Now 

'  ^itrog  nT/Se  vL^o^    are  wanting  in  exactness.    As  a  matter  of  fact,  the 
gen  m  the  vaiious  proteids  varies  from  15  to  19  per  cent.    The  other 
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assumption,  that  foods  contain  no  other  nitrogenous  compound  but  proteid 
holds  good  only  in  the  case  of  the  cereals  and  legummos^ ;  for  ni  most  of 
the  other  vegetables,  ammonia,  amides,  amido  acids,  mtric  acid,  &c    a  e 
found  in  considerable  quantities,  so  miich  so  that  "^^f .  ^-'1; 
vegetables  the  nitrogen  of  these  compounds  equals  more  than  a  third  of  the 

'''^'A.^i^' wTare  hardly  justified  in  calculating  the  proteid  in  meat  from 
its  uiCen,  because  some  of  this  nitrogen  comes  from  gelatine-yielding 
substances,   vhich,  as  we  have  already  learnt  have  a  somewhat  different 
action  in  nutrition  to  that  of  proteid.    The  gelatine-yieldmg  «f  f 
animal  food  have  been  aptly  expressed  as  being  more  analogous  to  the  carbo- 
TvcSa  es  of  vec^etable  fiod  than  to  proteids.    If,  therefore,  we  judge  the 
'^^l.llZ.-'oi  meat  and  vegetables  too  closely  from  tables  ac^^^^^^^^^ 
their  relative  values  of  proteid  as  ordinarily,  and  in  the  present  state  of  our 
kZdedge  necessarily,  expressed,  we  run  a  danger  of  rating  meat  too  highly, 

^'i:^^^^.^  mind  is  that  animal  food  is  much  more 

comple  ^y  aL^^^  than  vegetable  food.  The  ^^fY'^ZfJ^^Xn^ 
the  proteid  in  different  foods  has  been  accurate  y  tested  by  Kubner 
S  rii^nell  M^ver  and  others,  by  a  careful  comparison  of  the  amount  of  . 
n  tr^en  n  Eutriment  taken  with  that  in  the  f  ^ces.  They  have  shown 
Sat  the  proteid  of  meat  and  milk  almost  entirely  disappears,  but  that  a 
iofsidiabCar^^  the  proteid  of  bread  reappears  in  the  dejecta,  wlnle  a 
ar'er^P^^^^^^^^  i  unabsorbed  from  vegetables,  the  actual  fibres 
fof  the';ercSre  of  uiiabsorbed  proteid  being  2-8,  2-9,  20,  and  32  from 

proteid  whi  suits  the  adult  does  not  necessardy  suit  the  child,  or  uce 
'"^'''t    cf,-Wli+v  of  Food— In  order  that  food  shall  be  digested  and 

sutatairce,  as  to  by  cookinR.    TaWes  of  degree  of 

the  manner  m  which  it  can  bo  ™3  "l™  ,„dosoecialW 
digestibility  have  been  iut The  renioVed  that 

-^X.  whipped  eggs,  sago  tapi^a  barley,  ^^^^^ 
lamb,  parsnips,  '0»»»i'''        ''"'^=1 1^?'  here  given,-the  rica 
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stomach  in  3  liours,  and  roast  fowl  in  4  hours.  Salt  beef  and  pork  dis- 
appeared in  4^  hours. 

As  a  rule,  Beaumont  found  animal  food  digested  sooner  than  farinaceous, 
and  in  proportion  to  its  minuteness  of  division  and  tenderness  of  fibre. 

Tlie  internal  conditions  of  abundance  and  proper  composition  of  the 
alimentary  fluids,  and  the  action  of  the  muscular  fibres  in  moving  the  food, 
so  that  it  shall  be  submitted  to  them,  depend  on  the  perfection  of  the 
nervous  currents,  the  vigour  of  circulation,  and  the  composition  of  the 
blood.  Many  of  the  digestive  diseases  the  physician  has  to  treat  depend 
on  alterations  in  these  conditions,  so  that  the  food  is  only  imperfectly 
digested.  Experinrents,  by  Pl6sz,  Maly,  and  Gyergyai,  seem  to  show  the 
value  of  converting  the  proteids  into  peptones  by  artificial  digestion,  so  as 
to  aid  the  digestion  of  the  sick,  and  clinical  experience  has  amply  confirmed 
this  opinion. 

The  admixture  of  the  different  classes  of  foods  aids  digestibility ;  thus 
fat  taken  with  meat  aids  the  digestion  of  the  meat ;  some  of  the  accessory 
foods  probably  increase  the  outpour  of  saliva,  gastric  juice,  or  intestinal 
secretion. 

The  fat  of  aU  food  is  very  completely  absorbed,  far  more  so  than  the 
proteids.  The  same  is  true  of  aU  the  carbo-hydrates,  with  the  single 
exception  of  cellulose.  This  was  held  to  be  totally  indigestible  until  quite 
recently,  when  it  was  proved,  by  experiments  on  ruminants,  that  from  60  to 
70  per  cent,  of  woody  fibre  does  disappear  from  the  digestive  canal, 
ihough  ceUulose  can  scarcely  be  classed  among  the  food-substances  of 
human  beings,  it  fulfils  an  important  part  by  acting  as  a  mechanical 
stimulus  of  peristaltic  action,  and  from  a  dietetic  point  of  view  its  amount 
IS  not  without  interest. 

The  degree  of  fineness  and  division  of  food ;  the  amount  of  solidity  and 
of  trituration  which  should  be  left  to  the  teeth,  in  order  that  the  fluids  of 
the  mouth  and  salivary  glands  may  flow  out  in  due  proportion ;  the  bulk  of 
the  tood  which  should  be  taken  at  once,  are  points  seemingly  slight  but  of 
veal  importance.  There  is  another  matter  which  appears  to  aff'ect'digesti- 
bihty,  VIZ.,  variety  of  food.  ° 

According  to  the  best  ^vriters  on  diet,  it  is  not  enough  to  give  the  proxi- 
mate dietetic  substances  in  proper  amount.  Variety  must  be  introduced 
mto  the  food  and  difi"erent  substances  of  the  same  class  must  be  alternately 
employed.  It  may  appear  singular  that  this  should  be  necessary :  and 
certainly  many  men,  and  most  animals,  have  perfect  health  on  a  very 
uniform  diet.  _  Yet  there  appears  no  doubt  of  the  good  eff-ects  of  variety, 
and  Its  action  IS  probably  on  primary  digestion.  Sameness  cloys,  and  with 
variety  more  food  is  taken,  and  a  larger  amount  of  nutriment  is  introduced 
it  IS  impossible,  with  rations,  to  introduce  any  great  variety  of  food ;  but 
he  f  Jf'r^^PP^^^^      be  secured  by  having  a  variety  of  cooking!  In 

when  vnrtf     f      'i  ''"^^^'^^J'     g^^^t  improvement  in  health  takes  place 
wnen  variety  of  cooking  is  introduced. 

eve  r^Ti  °\  ^^""^^'^^  pleasing  to  the 

I  SVowert  '  P'^'*'''         ^^Sestible  by  the  stomach.    Apfrt  from 

m^Zl  fr  ''''''^  any  obnoxious  property  in  a  food  by  killing  any 
Ks  to  LnT''>^'^^  ^°°^^"S  the'  texture  of  i 

»  a  fluid  LiTi^J  It  and  subsequent  reduction  to 

toush  and  L  ^    i!  fT''^'-  ^  P^^^«  «f  meat,  before  cooking,  is 

Sfrom  tho  Yr'^^^'i  T^''"^  ^^^^^l^'^  fibres  are  given  a  |m- 
Ss  th^  l^LTIi^'*'?  <^be  connective  tissue  which 

»mds  the  muscle  fibres  together  is  made  into  a  soft  and  jelly-like  mass  :  in 
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other  words,  during  the  cooking  of  animal  food  there  is  a  gradual  but  not 
complete  coagulation  of  the  proteid  constituents,  a  formation  of  gelatme 
from  the  connective  tissues,  with  a  partial  disintegration  of  the  whole,  and 
a  loss  of  salts.    In  the  same  way,  cooking  makes  vegetables  and  grains 
softer,  loosens  their  structure,  and  enables  the  digestive  juices  to  penetrate 
into  their  substance.     During  cooking,  the  globulins  and  albumms  of 
vegetables  are  coagulated  by  the  heat  to  which  they  are  subjected,  while 
the  starch  undergoes  a  complete  change.    The  effect  upon  the  starch  is 
chiefly  to  burst  the  coats  of  cellulose,  so  that  the  gram  swells  and  the  starch 
is  practically  set  free.    By  boiling,  the  starch  is  largely  converted  into  the 
so-called  "soluble  starch,"  which,  although  of  the  same  chemical  com- 
position as  natural  starch,  is  more  readily  acted  upon  by  the  sahva  and 
pancreatic  juice.    Bread-making  is  an  instance  of  the  effect  of  cookmg  upon 
vegetable  food  substances  in  the  direction  of  a  more  or  less  artificial  digestion, 
since  some  of  the  starch  of  the  flour  is  transformed  into  dextrin  and  maltose, 
the  glutin  being  semi-coagulated.    The  warmth  imparted  to  food  during 
cooking  further  aids  digestion,  and  exerts  a  salutary  effect  on  the  system. 

Practically  there  are  six  common  methods  of  cooking  :  namely,  boihng, 
stewing,  roasting,  broiling  or  grilling,  baking  and  frying:  each  of  these 

presents  some  special  features.   

Boiling.— This  may  have  for  its  object  either  the  extraction  from  the 
food  of  its  nutritive  principles  or  their  retention  in  it.    If  we  wish  to 
extract  all  the  goodness  of  meat  into  some  surrounding  liquid  such  as^w^^^^^^ 
as  when  we  make  a  soup  or  broth,  the  article  should  be  finely  cut  up  and 
Placed  in  cold  water.    After  it  has  soaked  for  awhile,  heat  should  be 
S  ed  sW^^^  if  a  broth  is  to  be  made,  the  heat,  though  constantly 
Sed,  is  not  allowed  to  reach  actual  boiling  for  some  time,  by  which 
Socedure  much  of   the  albumin  of  the  meat  is  extracted  before  the 
subsequent  greater  heat  has  been  able  to  coagulate  it,  and,  all  the  natural 
iidces  having  for  the  most  part  flowed  out,  the  meat  itself  is  left  m  a  nearly 
Seless  state,  but  still  not  without  some  nutritive  value.    In  the  making  of  a 
soup  the  sam;  procedure  is  adopted,  with  this  difference  however,  that  the 
bomncr  is  kept  up  somewhat  longer,  whereby  more  of  the  gelatme  of  the 
meat  is  extracted  and  the  actual  meat  itself,  owing  to  more  comp  ete 
Sivation  of  its  constituent  juices,  rendered  still  more  tasteless  and  less 
nutr  tTous     Thus  treated,  the  meat  yields  its  essential  prmciples  to  he 
funding  liquid,  which  gains  in  flavour  and  nutritive  properties,  the 
eleS  dffference  between  the  broth  and  the  soup  bemg  merely  one  of 
?eiee    that  is,  how  much  of  the  goodness  of  the  meat  passes  out  of  it  mto 
thfsur^oimdin.^  liquid.    In  the  making  of  a  broth  some  of  the  meat  juices, 

whe  eas  after  the  preparation  of  a  soup  the  meat  y^sidue  has  iion  ^ 

If,  on  the  other  hand,  the  object  of  boiling  is  not      «x  act^^^^^^^^^^ 
stituekts  out  of  meat,  but  rather  to  retain  m  i  all  ^t^Aajour  and^^^^^^^ 
then  it  should  not  be  cut  up,  but  left 
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The  actual  period  of  boiling  need  not  and  should  not  last  longer  than  a  few 
minutes ;  after  the  coagulation  of  the  external  parts,  the  process  of  cooking 
ought  to^be  conducted  at  a  low  temperature,  not  exceeding  160°  F.  or 
about  71°  C.  This  is  the  true  cooking  point  of  meat;  if  the  temperature 
be  over  70°  C,  the  proteid  matters  are  not  only  completely  sohdified,  but 
become,  from  their  hardness,  indigestible.  Overheating  is,  therefore,  to  be 
avoided ;  and  the  slower  the  cooking,  the  better  the  result.  During  cook- 
ing by  boiling,  the  loss  of  weight  in  meat  is  commonly  20  per  cent. 

Steioiiig  is  commonly  regarded  as  a  mere  modification  of  boiling :  this 
IS  only  partially  true,  because  they  are  essentially  opposite  processes.  The 
essential  object  in  boiling,  say  a  leg  of  mutton,  is  to  so  raise  the  temperature 
of  the  meat,  using  water  as  the  medium  by  which  the  heat  is  conveyed  to 
the  meat,  that  it  sliall  as  nearly  as  possible  retain  all  its  juices.    Now,  in 
stewing,  this  is  largely  reversed,  because  the  water  is  used  not  only  as  a 
heat  giver,  but  also  as  a  solvent  for  extracting  out  from  the  meat  more  or 
less  of  its  juices.    Much  of  this  extraction  of  meat  juice  in  stewin<^  is 
more  accurately  expressed  as  an  act  of  diffusion  rather  than  of  solution, 
capable  of  being  best  secured  at  high  temperatures  than  low ;  but  experi- 
ment teaches  us  that  albumin,  which  so  largely  constitutes  the  diffusible 
juice  of  meat,  coagulates  and  gets  hard  and  tough  if  long  exposed  to  a  heat 
anything  neaa-  the  boiling  point  of  water;  hence  the  need,  if  stewing  is  to 
be  properly  done,  and  the  meat  not  rendered  so  tough,  curled  and  hard  as 
to  be  more  or  less  uneatable,  that  the  process  of  stewing  should  be  performed 
at  a  temperature  of  160°  F.  or  so.    This  can  be  readily  done  if  a  bain-marie 
or  water  bath  be  used.    The  ordinary  carpenter's  glue-pot  is  a  familiar  form 
ot  water  bath,  being  simply  a  vessel  immersed  in  an  outer  vessel  of  water 
ihe  water  m  the  outer  vessel  may  boil,  but  that  in  the  inner  one  never 
does,  because  evaporation  from  its  surface  keeps  its  temperature  lower 
han  that  of  the  water  from  which  it  gets  its  heat.    All  well-equipped 
kitchens  have  these  double  vessels,  and  every  ironmonger  sells  them :  but 
in  the  absence  of  such  a  double  saucepan,  every  housewife  can  readily 
improvise  one  by  performing  the  stewing  in  an  earthenware  jar  or  glass 
placed  within  an  ordinary  saucepan  containing  water.    It  is  the  more  general 
appreciation  of  the  value  and  use  of  the  water-bath  mode  of  stewin-  bv 
fhaTttTn^  T  th^t  "I'^kes  their  average  cooking  so  much  highe-r 

than  that  of  the  average  Enghsh  man  or  woman.    English  people  are  apt  to 
■speak  with  contempt  of  the  stewed  beef  of  the  Frenchman,  f oVtting  the  fe^^^ 
ha  he  never  eats  it  alone,  but  always  associated  with  a  soup  ov  potage,  wlrich 

ftul  n  T%*''%^"''!'  "^'^  di«he«  ^^^ibin^d  con- 

stitute Identical  and  quite  as  nutritious  articles  of  diet  as  the  British  joint 

Jias/ung  is  the  same  process  as  stewing,  only  that  the  meat  has  been  pre- 
viously cooked  instead  of  being  fresh  ^ 

of  ofdfn^'rv  ^     f^^T^  ^  ^^^^  ^^^^^^s  upon  the  making 

meS"  rj<'?'  ^''^  '""^^  ""'^^^  of  "extract  of 

om   poSts  of°diff  ^?  inappropriate,  particularly  as  they  afford 

3!       V        ^^«^r«nce  from  the  juices  of  an  ordinary  stew.    Beef-tea  is 

watc^lf^Pr^i  T""'  "^^y  fi^^^y  macerating  i    n  cold 

uSi'^^^^         tluis  obtained  is  heated  in  order  to  alter  its°raw  flavour 

co3tc  th^alS  ^^r^^l^o*^  «^«eed  160°  F..  or  just  sufficient  to 

came 'rtoTwE^i^r rightly  removed,  but  if  the  heating  is 
surface  and  "ef  f -^^f  other  nutritious  elements  coagulate  on  "the 

IS  a  highly  nutritive  and  restorative  liquid,  with  an  agreeable  rich 
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meatv  flavour.    If  badly  prepared,  by  being  subjected  to  prolonged  boiling 
beef-tea  is  merely  a  solution  of  the  non-coagulable  salme  constituents  of 
meat— namely,  bodies  shown  as  kreatin,  kreatinin,  lactic  acid,  and  phos- 
phates    These  are  all  most  excellent,  but  to  be  regarded  as  stimulants  rather 
than  as  nutrients.    This  explains  why  in  some  states  of  prostration,  during 
illness  when  the  blood  is  insufficiently  supplied  with  these  flesh  juices,  the 
administration  of  beef-tea,  beef  extracts,  and  such-like  preparations  does 
much  good:  but  the  danger  lies  in  their  being  regarded  as  foods  suitable 
for  the  normal  sustenance  of  the  body.    This  they  are  not,  and,  from  the 
very  nature  of  their  composition,  wanting  largely  of  the  nutritious  con- 
stituents of  meat,  they  never  can  be.  ■     ^      ^-i  a  t 
Boasting.— Jnst  as  stewing  may  be  regarded  as  the  national  method  of 
cookin-  on  the  Continent,  so  may  roasting  be  regarded  as  our  national 
method  of  flesh  cooking.    Eoast  meat  is  usually  thought  to  be  more  savoury 
but  less  digestible  than  when  either  boiled  or  stewed,  wlule,  too,  the  loss  is 
greater,  but  the  same  principle  underlies  it,  namely,  the  retention  of  the 
nutritive  juices  by  the  formation  of  a  coagulated  layer  on  the  surface  in 
lasting,  he  juices  of  the  meat  are  retained  (with  the  exception  of  those 
wh  ch  e  capeis  gravy  on  the  dish),  while  in  stewing  they  go  more  or  less 
completely  into  the  water.    In  stewing,  the  heat  is  communicated  to  the 
meat  by  Convection  or  actual  contact;  in  roasting,  the  heat  is  nearly  aU 
dry  heat  radiated  to  the  surface  of  the  joint  from  the  fire     The  ho^h 
tpmnerature  rapidly  given  by  radiation  to  the  meat  surface  forms  a  thm 
cr^^rofw  S^ihalf-ca^bonised  albumin;  this  i^events  the  e^'upor^ 
tion  of  the  meat  moisture,  sets  up  a  certain  amount  of  pressure  inside  the 
joint,  resulting  in  the  gradual  loosening  of  the  fibres  and  ra  smg  of  the 
deeper  parts  of  the  flesh  to  the  cooking  temperature  of  about  160  K  lu 
aU  Sing  processes,  to  hasten  its  course  and  prevent  burnmg  of  the 
superfic  d  paL,  the  jdnt  is  hasted  or  kept  constantly  enveloped  m  a  varmsh 
of  hot  melted  fat,  which,  while  assistmg  in  the  communication  of  heat 
checks  ^e  rmdue  evaporation  of  the  juices,  or  in  other  words  during 
roastt.  hearconvection  is  established  by  the  medium  of  a  fat  bath,  while 
in  stewin^^  or  boiling  it  is  supplied  by  a  water  bath. 

the  average  loss  on  roast'ig  is  fcoM  31  to  35  per  f-^- - '"f 

applied  usually  much  ^^^^  '         probably  largely  to 

be  heated  much  above  212       beioie  ii  uu    '  ,  processes 

the  difference  of  temperature  to  which  fish  ^^.^^^^J^^f^^^^L^^^^  one. 

them  escape  into  the  water  in  which  they  are  boiled. 
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The  diseases  connected  with,  food  form,  probably,  the  most  numerous 
order  which  proceeds  from  a  single  class  of  causes ;  and  so  important  are 
tliey,  that  a  review  of  them  is  equivalent  to  a  discussion  on  diseases  of 
nutrition  generally. 

It  is,  of  course,  impossible  to  do  more  here  than  outline  so  large  a  toiDic. 

Diseases  may  be  produced  by  alterations  (excess  or  deficiency)  in 
•quantity ;  by  imperfect  conditions  of  digestibility,  and  by  special  characters 
•of  quality. 

Excess  of  Food. — In  some  cases,  food  is  taken  in  such  excess  that  it  is 
not  absorbed ;  it  then  undergoes  chemical  changes  in  the  alimentary  canal, 
and  at  last  putrefies ;  quantities  of  gas  (carbon  dioxide,  carburetted  hydrogen, 
and  hydrogen  sulphide)  are  formed.  Dyspepsia,  constipation,  and  irritation, 
causing  diarrhoea  which  does  not  always  empty  the  bowels,  are  produced ; 
sometimes  some  of  the  putrid  substances  are  absorbed,  as  there  are  signs  of 
evident  poisoning  of  the  blood,  a  febrile  condition,  torpor  and  heaviness,  f oetor 
of  the  breath,  and  sometimes  possibly  even  jaundice.  It  was,  no  doubt,  cases 
of  this  kind  which  led  to  the  routine  practice  of  giving  purgatives;  and  as 
this  condition,  in  a  moderate  degree,  is  not  uncommon,  the  use  of  purgatives 
will  probably  never  be  discontinued. 

The  excess  of  food  may  be  absorbed.  The  amount  of  absorption  of  the 
different  alimentary  principles  is  not  precisely  known.  Dogs  can  digest  an 
immense  quantity  of  meat,  and  especially  if  they  are  fed  often,  and  not 
simply  largely  once  or  tAvice  a  day.  In  men,  also,  much  meat  and  albumin- 
ous matter  can  be  digested,  though  it  is  by  no  means  uncommon,  in  large 
meat-eaters,  to  find  much  muscular  fibre  in  the  faeces.  Still,  enough  ordinary 
meat  (and  fat)  can  be  taken,  not  merely  to  give  a  large  excess  of  nitrogen, 
but  even  to  supply  carbon  in  sufficient  quantity  for  the  wants  of  the 
system. 

There  is  certainly  a  limit  to  the  digestion  of  starch  (though  sugar  is 
absorbed  in  large  amount),  as  after  a  very  large  meal  much  starch  passes 
unaltered.  This  is  also  the  case  with  fat.  But  in  all  cases  habit  probably 
much  affects  the  degree  of  digestive  power;  and  the  continued  use  of 
certain  articles  of  diet  leads  to  an  increased  formation  of  the  fluids  which 
digest  them. 

When  excess  of  proteids  continually  passes  into  the  system  congestions 
and  enlargements  of  the  liver,  and  probably  of  other  organs,  and  a  general 
state  of  plethora,  are  produced.  If  exercise  is  not  taken  at  the  same  time, 
there  is  a  disproportion  between  the  absorbed  oxygen  and  the  absorbed 
proteids,  which  must  lead  to  imperfect  oxidation,  and  therefore  to  retention 
m  the  body  of  some  substances,  or  to  irritation  of  the  eliminating  organs  by 
the  passage  through  them  of  products  less  highly  elaborated  than  those  they 
are  adapted  to  remove. 

Althougli  not  completely  proved,  it  is  liighly  probable  tliat  gouty  affec- 
tions arise  partly  in  this  way,  partly  probably  from  the  use  of  liquids  which 
tlelay  metamorphosis,  and  therefore  lead  to  the  same  result  as  increased 
ingestion,  and  m  some  degree  also  from  the  use  of  indigestible  articles  of 

Very  often  large  meat-eaters  are  not  gouty,  and  do  not  appear  in  any  way 
over-ted.  In  tins  case  either  a  great  amount  of  exercise  is  taken,  or,  as  is 
■oiten  the  case  in  these  persons,  the  meat  is  not  absorbed,  owing  frequently 
*o  imperfect  mastication.  •  '        o      h  j 
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A  great  excess  of  proteids,  without  other  food,  produces,  in  a  short  time, 
marked  febrile  symptoms,  malaise,  and  diarrhoea  ;  and,  if  persevered  in, 
albumin  appears  in  the  urine.  Ranke  has  attributed  the  depression 
especially  to  the  effect  of  the  salts  of  the  meat. 

Excess  of  starches  and  of  fats  delays  the  metamorphosis  of  the  nitrogenous 
tissues,  and  produces  excess  of  fat.  Sometimes  acidity  and  flatulence  are 
caused  by  the  use  of  much  starch.  It  is  not  understood  if  profounder 
diseases  follow  the  excessive  use  of  starches,  unless  decided  corpulence  is 
produced,  when  the  muscular  fibres  of  the  heart  and  of  many  voluntary 
muscles  lessen  in  size,  and  the  consequences  of  enfeebled  heart's  action 
occur.  When  an  excessive  quantity  of  starch  is  used  to  replace  proteids, 
in  physiological  experiments,  the  condition  becomes  of  course  a  complex 


one. 


If  an  excess  of  starch  be  taken  under  any  circumstances,  much  passes 
into  the  fseces,  and  the  urine  often  becomes  saccharine. 

There  may  be  also  excess  of  food  in  a  given  time, — that  is,  meals  too 
frequently  repeated,  though  the  absolute  quantity  in  twenty-four  hours  may 
not  be  too  great. 

Deficiency  of  Food. — The  long  catalogue  of  effects  produced  by  famine 
is  but  too  well  known,  and  it  is  unnecessary  to  repeat  it  here.  But  the 
effects  produced  by  deficiency  in  any  one  of  the  four  great  classes  of 
aliments,  the  other  classes  being  in  normal  amount,  have  not  yet  been 
perfectly  studied. 

The  complete  deprivation  of  proteids,  without  lessening  of  the  other 
classes,  produces  marked  effects  only  after  some  days.  In  a  strong  man 
kept  only  on  fat  and  starch,  Parkes  found  fuU  vigour  preserved  for  five 
days;  in  a  man  in  whom  the  amount  of  nitrogen  was  reduced  one-half, 
fuil  vigour  was  retained  for  seven  days.  If  the  abstention  be  prolonged, 
however,  there  is  eventually  great  loss  of  muscular  strength,  often  mental 
debihty,  some  feverish  and  dyspeptic  symptoms.  Then  foUow  anaemia  and 
oreat  prostration.  The  elimination  of  nitrogen  in  the  form  of  urea  greatly 
lessens  though  it  never  ceases,  while  the  uric  acid  diminishes  m  a  less 
degree.'    If  starch  be  largely  suppHed,  the  weight  of  the  body  does  noti 

lessen  for  seven  or  eight  days.  ,  .  ^    -.aa      ■  r.f 

If  the  deprivation  of  proteids  be  less  complete  (^0  to  100  grains  ot 
nitrogen  being  given  daily),  the  body  graduaUy  lessens  in  activity,  and 
passes  into  more  or  less  of  an  adynamic  condition,  wliich  predisposes  to  the 
attacks  of  all  the  specific  diseases  (especially  of  tuberculosis,  tj^hus  and  ot 
pneumonia) ;  it  also  modifies  the  course  of  some  of  these  diseases,  as,  for 
instance,  of  enteric  fever,  which  runs  its  course,  with  less  elevation  ot 
temperature  than  usual,  and  with  less  or  with  no  excess  of  ureal  excretion. 

The  deprivation  of  starches  can  be  borne  for  a  long  time  if  fat  be  given, 
but  if  both  fat  and  starch  be  excluded,  though  proteids  be  supphed,  illness 
is  produced  in  a  few  days.  Nor  is  it  difficult  to  explain  this ;  as  proteids 
contain  53-3  per  cent,  of  total  carbon  (of  which  about  49  per  cent,  is  avail^ 
able  for  nutrition)  and  16  per  cent,  of  nitrogen,  to  supply  4800  grams  ot 
carbon,  no  less  than  1585  gi-ains  of  nitrogen  must  be  introduced,  a  quantity 
five  times  as  great  as  the  system  can  easily  assimilate  unless  enormous 
exertion  be  taken,  and  then  the  quantity  of  carbon  becomes  ij^suffi^i^nt.  . 

Men  can  be  fed  on  meat  for  a  long  time,  as  a  good  deal  of  fat  is  tnen. 
introduced,  and  if  the  meat  be  fresh  (and  raw?),  scurvy  is  not  readily 

'""^  The  deprivation  of  fat  does  not  appear  to  be  well  borne  even  if  starche^ 
be  given  ;  but  the  exact  efl-ects  are  not  known.    The  great  remedial  effect* 
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produced  by  giving  fat  in  many  of  the  diseases  of  obscure  malnutrition  prove 
that  the  jjartial  deprivation  of  fat  is  both  more  common  and  more  serious 
than  is  supposed.  In  all  the  diets  ordered  for  soldiers,  prisoners,  &c.,  the 
fat  is  greatly  deficient  in  every  country.  The  deprivation  of  the  salts  is 
also  evidently  attended  with  marked  results,  which  are  Avorthy  of  more 
attention  than  they  have  yet  received. 

Bad  effects  are  also  i^roduced  if  the  intervals  between  meals  are  too  lono-  • 
this  is  a  matter  in  which  there  is  great  individual  difference,  and  need  not 
be  further  referred  to. 

Scurvy.— Closely  connected  with  the  subject  of  food  and  dietetics  is  the 
pecuhar  state  of  malnutrition  called  scurvy.  This  is  now  known  not  to  be 
the  consequence  of  general  starvation,  though  it  is  doubtless  greatly  aided 
by  it.  Men  have  been  fed  with  an  amount  of  nitrogenous  and  fatty  food 
sufficient  not  only  to  keep  them  in  condition,  but  to  cause  them  to  gain 
weight,  and  yet  have  developed  scurvy.  The  starches  also  have  been  gfven 
in  quite  sufficient  amount  without  preventing  it.  It  seems,  indeed, "clear 
that  it  is  to  the  absence  of  some  of  the  constituents  of  the  fourth  dietetic 
group,  the  salts,  that  we  must  look  for  the  cause. 

Pacts  seem  to  show  with  certainty  that  in  the  diet  which  gives  scurvy 
there  is  no  deficiency  of  soda  or  of  iron,  lime,  or  magnesia,  or  of  cMoride  of 
soduim.  Nor  is  the  evidence  that  salts  of  potash  or  phosphoric  acid  are 
deficient  at  all  satisfactory.  And  when  we  think  of  the  quantity  of 
phosphoric  acid  which  must  have  been  suppUed  in  many  diets  of  meat,  and 
■ereaha,  which  did  not  yet  prevent  scurvy,  it  seems  very  unlikely  that  the 
ibsence  of  the  phosphates  can  have  anything  to  do  with  it. 

The  same  may  be  said  of  sulphur.  Considering  the  quantity  of  meat 
md  of  legummosfe  which  some  scorbutic  patients  have  taken,  it  is  almost 
impossible  that  deficiency  in  sulphur  should  have  been  the  cause. 

By  exclusion,  we  are  led  to  the  opinion  that  if  the  cause  of  scurvy  is  to 
e  found  m  deficiency  of  salts,  it  must  be  in  the  salts  whose  acids  form 
.rbonates  in  the  system.    For,  if  we  are  right  in  looking  to  a  deficiency  in 
.lie  fourth  class  of  ahmentary  principles  as  the  cause  of  scurvy,  and  if 
leither  the  absence  of  soda,  potash,  hme,  magnesia,  iron,  sulphur,  or  phos- 
moric  acid  can  be  the  cause,  then  the  only  mineral  ingredients  which 
emain  are  the  combinations  of  alkalies  with  those  acids  which  form 
^arbonates  m  the  system,  viz.,  lactic,  citric,  acetic,  tartaric,  and  malic, 
flat  these  acids  are  most  important  nutritional  agents  no  one  can  doubt 
he  salts  containing  them  are  at  first  neutral,  afterwards  alkaline,  from 
I'eir  conversion  into  carbonates;   they  thus  play  a   double  part,  and 
moreover  when  free,  and  in  the  presence  of  albumin  and  chloride  of 
oclmm,  these  acids  have  peculiar  powers  of  precipitating  albumin,  or  perhaps 
setting  free  hydrochloric  acid.    Whatever  maybe  their  precise  action, 
leir  value  and  necessity  cannot  be  doubted.    Without  them,  in  fact,  one 
es  no  reason  why  there  should  not  be  a  continual  excess  of  acid  in  the 
ilnhn^v''",  ^  continual   excess   of  acids  (phosphoric, 

ITZ.:^^'  ^;PP^"'^)  IS  produced,  sufficient,  even  when  the  salts  with 
.  tesuHw-r  Tr  TP^'"^,'  ^°/'"'^"'      excretions  (urinary,  cutaneous, 
e  bodv  I  1    .  T"^""      supplying  alkali  to  the  acids  formed  in 

nmSnl  V  ?1  ""r '^'^  ?  phosphates,  which  is  limited.  The  only 
Ce  sal  ?!  ^"^y      ^^'^  fo^ation  of  ammonia,  so  that 

f  alknH        ^     ^Portant  as  antacids.    Yet  it  is  not  solely  the  absence 

ure  l  bv  l^'i    r'^'"'"'  ''T^'  ^''^^'^  be' prevented  or 

rea  by  supply  of  pure  or  carbonated  alkalies,  which  is  not  the  case, 
vvnen,  m  pursuing  the  argument,  we  then  inquire  whether  there  is  any 
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proof  of  the  deficiency  of  these  particular  acids  and  salts  from  the  diets 
which  cause  scurvy,  we  find  the  strongest  evidence  not  only  that  this  is  the 
case,  but  that  their  addition  to  the  diet  cures  scurvy  with  great  certainty. 
They  will  not,  of  course,  cure  coincident  starvation  arising  from  deficiency 
of  food  genera  Uy,  or  the  low  intercurrent  inflammations  which  occur  in 
scurvy,  or  the  occasionally  attendant  purpura,  but  the  true  scorbutic  con- 
dition is  cured  with  certainty.  _        oiorrK  rpi 

This  was  most  clearly  shown  in  the  Arctic  Expedition  of  1875-6.  ihe 
rations  on  board  ship  during  the  winter  were  ample,  containing  dried 
potatoes  and  other  vegetables,  preserved  vegetables,  pickles,  bottled  fruits, 
vinegar,  and  a  daily  ration  of  lime  juice,  besides  raisins  and  currants.  In 
the  sledge  expeditions  aU  these  were  cut  off  except  two  ounces  of  preserved 
potatoes,  an  inadequate  ration  under  any  circumstances.  The  meat  was 
pemmican  and  bacon,  and  there  was,  of  course,  no  fresh  bread.  The  result 
was,  that  this  imperfect  diet,  conjoined  with  most  laborious  work,  produced 
a  severe  outbreak  of  scurvy  which  nearly  proved  fatal  to  the  whole  party. 
The  rapidity  with  which  the  sick  recovered,  on  being  supphed  Avith  lime 
juice  and  more  favourable  diet,  was  noticeable. 

Of  the  five  acids,  it  would  appear  unlikely  that  the  lactic  should  be  the 
Biost  efficacious.  If  so,  how  is  it  that  in  starch  food,  during  the  digestion 
of  which  lactic  acid  is  probably  formed  in  large  quantities,  scurvy  should 
occur  1  Is,  in  such  a  case,  an  alkali  necessary  to  msure  the  change  of  the 
acid  into  a  carbonate  1  .   ,  4.  i,„ 

Vinec/ar  is  an  old  remedy  for  scurvy,  and  acetic  acid  is  known  to  be- 
both  a  preventive  of  (to  some  extent)  and  a  cure  for  scurvy.  But  it  has 
always  been  considered  much  inferior  to  both  citric  and  tartaric  acids. 
Possibly  as  in  the  case  of  lactic  acid,  an  alkali  should  be  supphed  at  the 
same  time,  so  as  to  enable  the  acid  to  be  more  rapidly  transformed 

Tartaric  and  (especially)  citric  acids,  when  combined  with  alkalies,  have 
always  been  considered  to  be  the  antiscorbutic  remedies  par  excellence,  and 
the  evidence  on  this  point  seems  very  complete 

It  is  based  on  a  very  wide  experience,  and- should  not  be  set  aside  by  the 
statements  of  men  who  have  seen  only  three  or  four  cases  of  scurvy,  often 
compUcated,  which  happen  not  to  have  been  benefited  by  emon  juice,  ihe 
process  of  preventive  medicine  is  checked  by  assertions  drawn  from  a  very 
Hmited  experience,  yet  made  with  great  confidence.  We  must  remember 
that  many  cases  of  scurvy  are  compHcated-that  the  true  scorbutic  condi- 
tion inanition,  and  low  inflammation  of  various  organs,  lungs,  spleen,  liver, 
and 'muscles,  may  be  all  present  at  the  same  time 

Of  malic  acid  little  is  known  as  an  antiscorbutic  agent,  but  it  is  weU 

""DJfilnfy'of  L'?^^^^^^  implies  deficiency  in  the  salts  of  these 

acid?  and   cLvv  ensues  with  certainty  on  their  disuse.    Its  occurrence 

generally,  by  cold  and  wet,  and  mental  and  moral  depression. 
^    The  preventive  measures  of  scurvy  are,  then,  the  supply  of  the  sal  s  of 
citrirtaSaric,  acetic,  lactic,  and  malic  acids,  and  of  the  the-dv^ 
and  perhaps  in  the  order  here  given,  and  by  the  avoidance,  if  it  can  be 
done,  of  the  other  occasional  causes.  ;„ices  of 

Experience  seems  to  show  that  the  supply  of  these  acids  in  the  jm«^^^ 
the  fresh  succulent  vegetables  and  fnuts,  e^P-^^^y  ^^e  V^^'^^J^'^^X 

:sr::.:tKtr^rLgiS:^^^^^ 

tables,  are  useless. 
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Fresh,  and  especially  raM',  meat  is  also  useful,  and  this  is  conjectured  to 
i  te  from  its  amount  of  lactic  acid  ;  but  this  is  uncertain. 

The  di'ied  vegetables  are  also  antiscorbutic,  but  far  less  so  than  the  fresh ; 
;  and  the  experience  of  some  recent  wars  has  not  been  so  favourable  to  them 
;  as  might  have  been  anticipated.  Do  the  citrio  and  other  acids  in  the  dried 
•  vegetables  decompose  by  heat  or  by  keeping?  We  know  that  the  citric 
;  acid  in  lemon  juice  gradually  decomposes.  It  does  not  follow  that  it  should 
!  be  quite  stable  in  the  dried  vegetables. 

The  measures  to  be  adopted  in  time  of  war,  or  in  prolonged  sojourns  on 
1  board  ship,  or  at  stations  where  fresh  vegetables  are  scarce,  are— 

1.  The  supply  of  fresh  vegetables  and  fruits  by  all  the  means  in  our 
]  power.  Even  unripe  fruits  are  better  than  none,  and  we  must  risk  a  little 
1  diarrhoea  for  the  sake  of  their  antiscorbutic  properties.  In  time  of  war 
i  every  vegetable  should  be  used  which  it  is  safe  to  use,  and,  when  made  into 
s  soups,  almost  aU  are  tolerably  pleasant  to  eat. 

2.  The  supply  of  the  dried  vegetables,  especially  potato,  cabbage,  and 
(cauliflowers  ;  turnips,  parsnips,  &c.,  are  perhaps  less  useful ;  dried  peas  and 
1  beans  are  useless.  As  a  matter  of  precaution  these  preserved  or  dried  veo-e- 
t  tables  should  be  issued  early  in  a  campaign,  but  should  never  supersede  the 
1  fresh  vegetables. 

Probably  dried  fruits,  such  as  raisins  and  currants  (which  contain  some 
a  acid  and  vegetable  salts)  are  useful  as  antiscorbutics.  The  American  pem- 
imican  contains  them,  and  men  are  said  to  live  upon  it  for  months  together 
\  without  suffering  from  scurvy.  It  appears  to  have  been  that  kind  of 
ipemmican  on  which  the  crew  of  the  "  Polaris  "  lived,  who  drifted  on  an 
i  iceberg  for  six  months.  Other  dried  fruits,  such  as  apples,  would  probably 
aalso  be  efficacious. 

3.  Good  lemon  juice  should  be  issued  daily  (1  ounce),  and  it  should  be 
sseen  that  the  men  take  it. 

4.  Vinegar  (|  or  to  1  ounce  daily)  should  be  issued  with  the  rations,  and 
uused  in  the  cooking. 

The  evils  or  diseased  states  which  are  the  results  of  defects  in  the  quality 
oof  food  are  not  only  many  but  so  diverse,  that  it  wiU  be  more  convenient  to 
ddiscuss  them  under  the  headings  of  the  different  articles  of  food  which  im- 
B  mediately  follow. 

MEAT. 

The  advantages  of  meat  as  a  diet  are— its  large  amount  of  nitrogenous 
isubstances,  the  union  of  this  with  much  fat,  the  presence  of  important 
lealts  (VIZ.,  chloride,  phosphate,  and  carbonate  of  potassium,  or  a  salt  form- 
Jing  carbonate  on  mcineration),  and  iron.  It  is  also  easily  cooked,  and  is 
very  digestible ;  it  is  probably  more  easily  assimilated  than  any  vegetable, 
and  there  is  a  much  more  rapid  metamorphosis  of  tissue  in  carnivorous 
_  imnals  than  in  vegetable  feeders.  Whether  the  use  of  large  quantities  of 
meat  increases  the  bodily  strength  or  the  mental  faculties  more  than  other 
^hfZt'of  s^r'         "  disadvantage  of  meat  is 

The  composition  of  fresh  and  salt  meat  has  been  already  given;  but 

mLl^'v  "V"^'  ^^'^'^  ^""^  "  ""''y  ^™P«^f^«*  ^'"^'^  of  the  value^f  a 
Sto  o;.^  r  .    Tv,'^  P^'^  ^^^y  "^^'-^t  Pi-0P«r.  ^^ithout  taking 

Stior  Tl,  "  the  amount  of  gristle,  c%c.,  which  luakes  up  part  of  the 
^Eed--  '  analysed  at  Netley  the  following  results  were 
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Rump  of  Beef. 


Sliank  of  Mutton. 


f'leah'olone. 

Whole  Ration, 
exclusive  of 
Bone. 

Flesh  alone. 

Whole  Ration, 
exclusive  of 
Bone. 

Water  

74-0 

60-6 

71-9 

52-7 

Proteids,  .... 

22-0 

21-5 

18-8 

13-0 

Fat,  ..... 

2-2 

9-1 

8-4 

25-3 

Ash,  

1-6 

1-3 

1-0 

0-9 

Total, 

99-8 

92-4 

100-1 

91-9 

111  each  case  it  will  be  observed  that  the  analysis  of  the  flesh  alone  does 
not  deviate  very  widely  from  the  tabulated  statements,  whereas  the  whole 
ration  does  so  materially.  In  particular,  there  is  about  8  per  cent,  of  total 
weight  unaccounted  for,  due  to  tough  gristle  and  fibrous  tissues  not  amen- 
able to  the  ordinary  methods  of  analysis.  The  detailed  constituents  of  the 
proteids  are  also  important,  as  the  following  results  will  show  : — 


Rump  of  Beef. 


SJuink  of  Mutton. 


Flesh  alone. 

Whole  Ration, 
exclusive  of 
Bone. 

Digestible  proteids,  . 
Peptones,  .... 
Meat  extracts,  . 

13-5 
2-5 
1-2 

14-2 
2-2 
0-9 

Total  useful, 
Indigestible  proteids, 

17-2 
4-8 

17-3 
4-2 

Total  proteids  per  cent,  as  \ 
above  / 

22-0 

21-5 

Whole  Ration, 

Flesh  alone. 

exclusive  of 

Bone. 

7-6 

4-0 

2  0 

1-5 

5-5 

2-9 

15-1 

8-4 

3-7 

4-6 

18-8 

13-0 

From  this  we  see  that  there  is  great  diversity  in  the  value  of  difi'erenfc 
rations  ;  the  numbers  given  here  may  be  taken  to  represent  the  extremes, 
so  that  the  mean  value  may  be  assumed  at  about  17  per  cent,  of  total 
proteids,  and  about  13  per  cent,  of  useful  {i.e.,  assimilable)  proteids. 

Bone  forms  about  20  to  25  per  cent,  of  the  meat  as  sold.  It  is  rela- 
tively more  in  young  animals  ;  in  veal  it  constitutes  as^much  as  30  per  cent. 
Bones  contain  a  large  amount  of  nutrient  matter,  a  considerable  part  of 
which  is  extracted  by  boiling,  and  more  could  be  obtained  if  the  bones 
were  crushed.  The  following  was  the  composition  of  the  bones  in  the  beef 
ration  : — 


Water, 
Proteids, 
Fat,  . 
Ash,  . 
Loss, 


Total, 


12-1 
24-5 
11-0 
48-6 
3-8 

100-0 


Constituents  of  proteids — 
Digestible  proteids. 
Peptones,  . 
Extractives, 

Total  useful, 
Indigestible  proteids, 

Total, 


10-  3 
1-9 

ro 

13-2 

11-  3 

24-5 


Bones  make  a  most  palatable  soup,  and,  as  above  shown,  may  be  made 
to  yield  an  important  addition  to  the  useful  proteids. 


INSPECTION  OF  ANIMALS. 


301 


Another  measure  of  the  vahie  of  meat  is  the  amount  of  extract  which 
can  be  obtained  from  it  by  means  of  hot  and  cold  water.  Pure  flesh  should 
yield  about  6  per  cent.,  of  which  about  5  per  cent,  should  be  organic  ;  but 
the  average  of  a  ration  would,  of  course,  be  less.  Thus  in  the  beef  ration 
already  mentioned  the  total  extract  of  the  flesh  was  6-1,  and  the  organic 
4-95 ;  whilst  the  whole  ration  (bone  excluded)  gave  a  total  of  3-6,  of  which 
2 '8  was  organic. 

The  salts  or  ash  of  meat  consist  of  clilorides  and  phosphates  chiefly,  more 
than  a  third  of  the  ash  consisting  of  phosphoric  acid.  Stolzel  found  8-9 
per  cent,  of  carbonic  acid  in  the  ash,  which  probably  indicates  lactic  acid, 
and  it  is  suggested  that  this  may  perhaps  give  fresh  raw  meat  some  anti- 
scorbutic properties  which  may  be  altered  by  cooking.     The  ash  is  alkaline. 

Preserved  tinned  beef  (from  Chicago,  Australia,  and  New  Zealand)  is 
very  good  meat,  palatable,  and  more  nutritious  than  the  more  strongly 
salted  beef.    Only  10  per  cent,  of  its  total  proteids  (which  ranged  from  °18 
to  31  per  cent.)  was  found  to  be  indigestible  in  experiments  at  Netley. 
The  amount  of  extract  is  a  little  less  than  in  fresh  meat,  as  some  is  neces- 
irily  lost  in  the  salting  and  compressing,  but  it  was  found  to  be  6  per  cent., 
f  which  4  was  animal.    The  nutritious  value  of  fuUy  salted  rations  is 
luch  more  uncertain. 

Inspection  of  Animals.— Animals  should  be  inspected  twenty-four 
ours  before  being  killed.  In  this  country  killing  is  done  twenty-four  or 
)rty-eight  hours  before  the  meat  is  issued ;  in  the  tropics  only  ten  or 
welve  hours  previously. 

Animals  should  be  well  grown,  well  nourished,  and  neither  too  youno- 
lor  too  old.  The  flesh  of  young  animals  is  less  rich  in  salts,  fat,  and  synto°- 
■^^n,  and  also  loses  much  weight  (40  to  70  per  cent.)  in  cookino- 

1.1,  •  f  ^'f?J;ri^  ^^"""^^  '^^^S^'  ^^^^  tli^^i  600  a,  and  wSl  range  from 
'    .tr.  !f  n^.         ^'""^^  minimum  at  250  kilogrammes 

:  -D5U  m).    ihe  mean  weight  in  France  is  350  kilogrammes  (  =  770  lb) 
cow  may  weigh  a  few  pounds  less  ;  a  good  fat  cow  will  weigh  from  700 
ao  740  a.    A  heifer  should  weigh  350  to  400  R.    The  French  rules  fix 
bhe  mimmum  of  the  cow's  weight  at  160  kilogrammes  (  =  352  lb)  The 
anean  weight  of  cows  in  France  is  230  kilogrammes  ( =  506  a) 

There  are  several  methods  of  determining  the  weight:  the  one  most 
«ommonly  used  in  this  country  is  to  measure  the  length  of  the  trunk  from  iust 
on  front  of  the  scapulae  to  the  root  of  the  tail,  and  the  girth  or  circumfer- 
ance  just  behind  the  scapula;  then  W^h  (in  feet)  x  10  x      (in  feet) 

rmght  in  ft.    Add      for  very  fat  animals,  deduct  Vo-  L  very  thin  ones, 
rtbl  .f^'T  1  'i  .  into  carcass  and  offal;  the  former  includes  the 

mnes,  vessels,  and  fat,  and  the  kidneys  and  fat  surrounding  them  The 
Ser   Innl     head,  feet,  skin,  and  all  internal  organs  except  the 
2  ft.  f       1    '"''"^  gives  about  60  per  cent,  of  meat,  exclusive  of  the 
ead,  feet,  liver,  lungs,  and  spleen,  &c.    The  skin  is  r\  of  the  weicdit  •  the 

..eiy  lean  cattle  5  per  cent  less  than  the  actual  weights  found  by  th  s  rule, 
tetnt  ItepT-  6^       90       ^^^t  the  difference  in 

'  in  LZS  T/r'"^""""  ^''^  ^'^^^1^  those' between  60  and  70 
iSdrot  bp;.     1 7  ^0  ft   or  are  excessively  fat  they 

mous  fat  ^ffP*^'^  ^"^^r  ^o^^t^^ctor  consents  to  remove  all  super- 
luous  fat.    The  carcass  of  good,  well-fed  mutton  should  be  mackerel 
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backed,  that  is,  there  should  be  alternate  red  and  white  bars  over  the  loins. 
The  average  weight  of  a  sheep  in  India  is  from  30  to  40  lb. 

A  full-grown  pig  weighs  from  100  to  180  &  or  more,  and  yields  about 
75  to  80  per  cent,  of  available  food. 

Age.  The  age  of  the  ox  should  be  from  two  to  eight  years,  and  a  heifer 

or  cow  not  under  two  or  more  than  four  years  old  ;  the  age  is  told  chiefly 
by  the  teeth,  and  less  perfectly  by  the  horns.  The  temporary  teeth  are  in. 
part  through  at  birth,  and  all  the  incisors  are  through  in  twenty  days  ;  the 
first,  second,  and  third  pairs  of  temporary  molars  are  through  in  thu-ty 


days  ;  the  teeth  are  grown 


large 


enough  to  touch  each  other  by  the  sixth 


month ;  they  gradually  wear  and  fall  in  eighteen  months ;  the  fourth  per- 
manent molars  are  through  at  the  fourth  month  ;  the  fifth  at  the  fifteenth  > 
the  sixth  at  two  years.    The  temporary  teeth  begin  to  fall  at  twenty-one 
months,  and  are  entirely  replaced  by  the  thirty-ninth  to  the  forty-fifth 
month ;   the  order  being— central  pair  of   incisors  gone  at  twenty-one 
months  ;  second  pair  of  incisors  at  twenty-seven  months ;  first  and  second 
temporary  molars  at  thirty  months;   third  temporary  molars  at  thirty 
months  to  three  years ;  third  and  fourth  temporary  incisors  at  thirty-three 
months  to  three  years.    The  development  is  quite  complete  at  from  five  to- 
six  years.    At  that  time  the  border  of  the  incisors  has  been  worn  away  a 
little  below  the  level  of  the  grinders.    At  six  years  the  first  grinders  are 
bef^inning  to  wear,  and  are  on  a  level  with  the  incisors.    At  eight  years  th 
wear  of  the  first  grinders  is  very  apparent.    At  ten  or  eleven  years  the  use 
surfaces  of  the  teeth  begin  to  bear  a  square  mark  surrounded  with  a  whit 
line  ;  and  this  is  pronounced  on  all  the  teeth  by  the  twelfth  year ;  betwee 
the  twelfth  and  fourteenth  year  this  mark  takes  a  round  form. 

The  rin"s  on  the  horns  are  less  useful  as  guides.  At  ten  or  tweiv 
months  the  first  ring  appears  ;  at  twenty  months  to  two  years,  the  second 
at  thirty  to  thirty-six  months,  the  third  ring ;  at  forty  to  forty-six  months 
the  fourth  ring;  at  fifty-four  to  sixty  months,  the  fifth  ring,  and  so  on 
But  at  the  fifth  year  the  first  three  rings  are  indistinguishable,  and  at  tn 
eighth  year  all  the  rings.    Besides,  the  dealers  file  the  horns. 

In  the  sheep,  the  temporary  teeth  begin  to  appear  m  the  first  week,  an 
fill  the  mouth  at  three  months;  they  are  gradually  worn  and  faU  at  abou 
fifteen  or  eighteen  months.  The  fourth  permanent  grinders  appear  at  thre 
months,  and  the  fifth  pair  at  twenty  to  twenty-seven  months.  A  commo 
rule  is  "two  broad  teeth  every  year."  The  wear  of  the  teeth  begins 
be  marked  at  about  six  years.  Sheep  fit  for  slaughter  should  a  wa 
have  a  clean,  even  set  of  teeth.    In  the  army,  those  with  broken  teeth 

''^"^^Theage  of  the  pig  is  known  up  to  three  years  by  the  teeth ;  after  th 
there  is  no  certainty.    The  temporary  teeth  are  complete  in  three  or  fo 
months  ;  about  the  sixth  month  the  premolars,  between  the  tusks  and  _t 
Tst  pair  of  molars,  appear ;  in  six  or  ten  months  the  tusks  and  poste 
Srs  are  replaced ;  in  twelve  months  to  two  years  the  other  incisors ; 
four  permanent  molars  appear  at  six  months  ;  the  fifth  pair  at  ten  mon 
and  the  sixth  and  last  molars  at  eighteen  months.  _ 

Condition  and  Healih.-The  condition  of  bye  cattle  is  generally  told 
the  handling  points,  of  which  as  many  as  tAvelve  are  given,  but  only 
need  be  mentioned,  as  an  animal  which  is  good  in  these  five  points  sx 
to  be  good  in  the  ^est.    They  are  the  natches,  or  the  Ws  th« 
the  tall,  the  twist,  the  flank,  the  cod  or  udder,  and  the  rib.    The  tiesh 

all  the  ehandhng  points  should  feel  cr^'^^^^^^^  fi'^"^'  ^l^  ^nk  shou 
between  the  two  buttocks  should  stand  prominently  out,  the  flank  shou 
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lie  the  full  of  the  hand  and  should  appear  to  meet  your  hand  and  drop  into 
it  as  you  handle  the  animal,  the  rib  should  be  well  covered  with  compact 
ilosh,  and  the  cod  or  udder  should  be  a  large  lump  of  firm  fat.  In  half -fed 
animals  the  flesh  will  not  be  so  firm  to  the  touch  as  in  fully  fed  ones ;  the 
meat  of  such  half-fed  cattle  wastes  very  considerably  in  the  cooking,  owing 
to  the  cells  of  the  adipose  tissue  being  filled  Avitli  imperfectly  formed 
fat.  To  be  able  to  tell  the  condition  of  a  beast  by  handling  requires  some 
]  iractice. 

As  showing  health,  we  should  look  to  the  general  ease  of  movements, 
the  quick  bright  eye ;  the  nasal  mucous  membrane  red,,  moist,  and  healthy- 
looking  ;  the  tongue  not  hanging ;  the  respiration  regidar,  easy ;  the  ex- 
jnred  air  without  odour ;  the  circulation  tranquil ;  the  excreta  natural  in 
appearance. 

Wlien  sick,  the  coat  is  rough  or  standing ;  the  nostrils  dry  or  covered 
■with  foam ;  the  eyes  heavy ;  the  tongue  protruded ;  the  respiration  difficult ; 
movements  slow  and  difficult ;  there  may  be  diarrhoea  ;  or  scanty  or  bloody 
urine,  &c.    In  the  cow  the  teats  are  hot. 

Diseases  of  Animals  used  for  Pood. — The  diseases  of  cattle  which  the 
inspecting  officer  should  watch  for  are — 

1.  Plmro-pneumonia. — The  commencement  of  the  attack  is  very  in- 

sidious ;  it  is  not  easily  recognised  at  first.  The  temperature  soon 
rises  to  104°  or  105°  F.  and  the  animal  refuses  food  ;  a  short 
dry  cough  de^^elops  and  the  breathing  becomes  laboured  and 
painful. 

2.  Foot  and  Mouth  Disease  (murrain,  aphtha,  or  eczema  epizootica). — 

At  once  recognised  by  the .  examination  of  the  mouth,  feet,  and 
teats. 

3.  Cattle  Plague  (typhus  contagiosus.  Steppe  disease,  Rinderpest). — 

Recognised  by  the  early  prostration  (hanging  of  head,  drooping  of 
ears),  shivering,  running  from  eyes,  nose,  and  mouth,  peculiar- 
condition  of  tongue  and  lips,  cessation  of  rumination,  and  then  by 
abdominal  pain,  scoiuing,  &c. 

4.  Anthrax — This  either  appears  as  a  general,  or  as  a  localised  afi"ec- 

tion :  in  the  former  case  it  is  called  apoplectic  anthrax,  splenic 
fever,  or  anthrax  fever:  in  the  latter,  anthracoid  erysipelas  or 
carbuncular  fever.  If  boils  and  carbuncles  form,  they  are  at  once 
recognised  :  if  there  is  erysipelas,  it  is  called  black  quarter,  quarter 
ill,  or  blackleg  (erysipelas  carbunculosum),  and  is  easily  seen. 
The  peculiar  organism.  Bacillus  anthracis,  may  be  detected  in  the 
blood. 

5.  Tuberculosis  (perlsucht,  "  grapes  ").— Sometimes  acute,  more  often 

chronic :  at  first  dulness  and  indiff"erence,  increased  sensibility, 
especially  of  back-muscles  and  chest-walls,  but  no  emaciation  and 
no  diminution  of  production  of  milk;  later,  emaciation  comes  on, 
loss  of  appetite,  shortness  of  breath,  and  cough  ;  these  symptoms 
become  intensified,  with  hectic. 

6.  Actinomycosis.—CmsQdi  by  "ray-fungus";  attacks  by  preference 

the  lower  jaw  and  tongue,  also  the  lungs  and  bones  ;  leads  to 
general  malnutrition,  and  is  sometimes  fatal. 

7.  Dropsical  affections  from  kidney  or  heart  disease, 

8.  Indigestion,  often  combined  with  apoplectic  symptoms. 

to  ^^^'^'^  number  of  otlier  diseases  attack  cattle,  which  it  is  not  necessary 
wiumerate.  All  the  above  are  tolerably  easily  recognised.  The  presence 
J-amia  medtocanellata  cannot,  it  would  seem,  be  detected  before  death. 
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The  diseases  of  sheep  are  similar  to  those  of  cattle  ;  they  suffer  also  in 
certain  cases  from  splenic  apoplexy  or  "hraxy,"  which  is  considered  by 
Professor  Gamgee  to  be  a  kind  of  anthrax,  and  is  said  to  kill  50  per  cent, 
of  all  young  sheep  that  die  in  Scotland ;  the  animals  have  a  "  peculiar  look, 
staggering  gait,  bloodshot  eyes,  rapid  breathing,  full  and  frequent  pulse, 
scanty  secretions,  and  great  heat  of  tlie  body."  The  disease  is  induced  by 
errors  in  feeding. 

Small-pox  in  sheep  {Variola  ovina,  claveUe  of  the  French)  is  easily 
known  by  the  high  fever,  especially  during  the  pustular  stage,  by  the  flea- 
bitten  appearance  of  the  skin  in  the  early  stage,  and  by  the  rapid  appearance 
of  nodules  or  papulae  and  vesicles. 

The  sheep  is  also  subject  to  black  quarter  {Erysipelas  carbunculosum) ; 
one  limb  is  affected,  and  the  limp  of  the  animal,  the  fever,  and  the  rapid 
swelling  of  the  limb  are  sufficient  diagnostic  marks. 

The  sheep,  of  course,  may  suffer  from  acute  lung  affection,  scouring,  red 
water  (hematuria),  and  many  other  diseases.  Of  the  chronic  lung  affections, 
one  of  the  most  important  is  the  so-called  "  phtliisis,"  which  is  produced  by 
the  ova  of  Strmgylus  filaria.  This  entozoon  has  not  yet  been  found  in 
the  muscles,  and  the  meat  is  said  to  be  good.  The  rot  in  sheep  (fluke 
disease)  is  caused  by  the  presence  of  Distoma  hepaticum  in  large  numbers 
in  the  liver,  and  sometimes  by  other  parasites.  The  principal  symptoms  are 
dubiess,  sluggishness,  followed  by  rapid  wasting  and  pallor  of  the  mucous 
membrane,  diarrhoea,  yellowness  of  the  eyes,  falling  of  the  hair,  and  dropsical 
sweUin"s.  The  animal  is  supposed  to  take  in  Cercaria  (the  embryotic 
stage  of  distorna)  from  the  herbage.  The  so-called  "  gid,"  "  sturdy,  ox 
"turnsick,"  is  caused  by  the  development  of  Camurus  cerehralis  in  the  brain. 

The  pi<r  is  also  attacked  by  anthrax  in  different  forms,  by  muco-enteritis, 
and  by  hog  cholera.    The  swelling  in  the  first  case,  and  the  severe  fever, 
accompanied  with  foetid  diarrhoea  and  prostration  in  the  second  are  sufficien 
diagnostic  marks.    It  has  no  relation  whatever  to  enteric  fever  in  ma; 
(Walley).    The  condition  of  the  flesh  is  similar  to  that  produced  by  septi 
disease,  and  it  is  totaUy  unfit  for  human  food.  ,    ,    .     .  . 

Cobbold  pointed  out  that  the  pig  is  affected,  both  m  America  an_ 
Australia,  with  a  large  parasite  {Stephanurus  dentatus).  ihis  worm  3 
found  chiefly  though  not  solely  in  the  fat,  and  is  at  first  free  and  the 
encysted;  the  cyst  is  large,  and  may  be  If  inch  m  length  and  J  inch  _ 
diameter.  The  full  grown  worm  may  be  as  much  as  ^  mch  m  length 
Three  to  six  eggs  are  found  in  the  cyst,  and  the  young  worms  migra 
During  their  migration,  it  has  been  surmised  that  they  cause  the  ho 

""^'^The  so-called  measle  of  the  pig  is  caused  by  the  presence  in  the  muscul 
connective  tissue  of  Gysticercus  cellulosm.    During  life  there  are  few  indi 
tions  of  the  existence  of  this  worm  in  the  animal :  the  ^^^y  P^^^^ive  sign 
be  obtained  is  in  the  mouth,  where  it  may  be  detected  on  the  mfeiior  aii 
lateral  aspect  of  either  side  of  the  tongue,  or  between  this  and  the  low 
jaw.    The  body  of  the  animal  has  a  bloated  appearance,  ^^"^  a  soft  fla^^^ 
feel;  and  on  firm  pressure  a  crackling  sensation  may  be  imparted  ^  tj^^ 

Tricldna  spiralis  has  its  habitat  also  in  swine  :        ^  I'^^i     fMp  ^ 
muscle  alone,  but  has  been  demonstrated  in  the   a   of  the  body  of  the 
in  lar-e  numbers.    Animals  fed  on  such  fat  did  not,  as  a  lule,  bocom 
iricWnised.    Its  presence  is  indetectable  before  death,  unless  found  m 

'""'''^"^^'ofM^S^'^mat  should  be  inspected,  in  temperate  clima 
twenty-four  hours  after  being  killed  ;  in  the  tropics,  earlier. 
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The  following  points  must  be  attended  to  : — 

(a)  Quantity  of  Bone. — In  lean  animals  the  bone  is  relatively  in  too  great 
proportion;  taking  the  whole  meat,  17  to  20  per  cent,  may  be  allowed. 

(b)  Quantity  and  CJiarader  of  the  Fat.—T\i&  amount  of  fat  varies  with 
the  feeding  of  the  animals.  In  a  fat  ox  it  constitutes  about  one-third  of 
the  flesh,  in  a  fattened  pig  one-half.  In  beef  surplus  fat  is  the  excessive  fat 
at  the  kidneys,  pelvic  cavity,  cod  fat,  and  udder.  In  mutton  that  on  the 
l^ack  and  in  the  region  of  the  kidneys.  In  thin  or  badly  fed  animals  the 
fat  may  be  as  low  as  1  per  cent,  of  the  meat.  The  fat  usually  solidifies 
after  death,  and  in  beef  consists  chiefly  of  palmitates,  in  bacon  oleates,  in 
mutton  stearates,  these  respective  kinds  of  fats  being  soft  and  fusible  in 
the  order  named.  The  colour  varies  from  white  to  straw  colour  and 
yellow,  being  whiter  in  young  bulls  than  in  bullocks  and  cows.  The  kind 
of  feeding  has  an  eff'ect  on  the  colour  of  the  fat ;  some  oil-cakes  crive  a 
marked  yeUow  colour.  The  fat  of  the  horse  is  always  of  a  yellow  colour 
and  softer ;  it  has  a  rather  unpleasant  sickly  taste.  ' 

Gamgee  stated  that  pigs  fed  on  flesh  have  a  peculiarly  soft  diffluent  fat 
and  emit  a  strong  odour  from  their  bodies.  According  to  the  same  authority' 
the  butchers  rub  melted  fat  over  the  carcass  of  thin  and  diseased  animals  to 
give  the  glossy  look  of  health. 

(c)  Condition  of  the  Flesh.— The  muscles  should  be  firm,  and  yet  elastic  • 
not  tough;  the  pale  moist  muscle  marks  the  young  animal,  the  dark- 
coloured  the  old  one  ;  the  muscular  fascicuH  are  larger  and  coarser  in  buUs 
tlian  oxen  A  deep  purple  tint  is  said  to  indicate  that  the  animal  has  not 
been  slaughtered,  but  has  died  with  the  blood  in  it  (Letheby).  Wlien  aood 
meat  is  placed  on  a  white  plate,  a  little  reddish  juice  frequently  flows"  out 
after  some  hours.  It  should  be  tolerably  dry  after  being  exposed  for  a 
short  time  to  the  atmosphere:  it  should  possess  a  pleasant  sweet  flavour 
and  when  heated  should  give  a  savoury  odour.  Good  meat  has  a  marbled 
appearance  from  the  ramifications  of  httle  veins  of  fat  among  the  muscles 
^Letheby).    There  should  be  no  Hvidity  on  cutting  across  some  of  the 

J  :muscles ;  the  interior  of  the  muscle  should  be  of  the  same  character,  or  a 

.  httle  paler ;  there  should  be  no  softening,  mucilaginous-like  fluid,  or  pus,  in 
the  intermuscular  ceUular  tissue.  This  is  an  important  point,  which  should 
be  closely  looked  to.    In  commencing  putrefaction  the  intermuscular  tissue 

..Decomes  soft,  and  tears  easily  when  stretched. 

!      The  chief  indications  of  disease  are  as  follows  :  

'■  If  there  is  any  adhesion  on  the  chest  cavity  it  indicates  some  form  of 
mng  disease;  if  the  adhesion  is  reddish  in  appearance,  inflammation  of  the 

an     an  C^n^^  he  growth  is  of  a  greyish  or  yeHowish  appear- 

vbe  r;ip.TJ     T       °'  It  indicates  tuberculosis,  and  the  meat  should 

to  S'Jw  >  '  '^^"'^       ^'""''^^     ^^ght  a  doubt  may  arise  as 

ituat  K  ;      tubercular  or  not !    An  examination  of  the  breast  gland- 

'Slthit^  .ofT^^'"^'^       '''^  if  i*  be  found  to  contain 

^pl  brown  .  1  "T'l  ^^tuberculous;  if,  however,  the  gland  is  of 

stCed  rdi  throughout,  the  animal  is  healthy.    The  pleura  is  often 

4S  Twr  t'TJ^^^^^^^  of  tuberculosis ;  stripped  carcasses  should  be 
a  disease  Tnl  ^'"^"^^^^  adhesions  on  the  peritoneum  are  a  sign  of 
apparent  in  il' ""f"''  ^  ^''^  '^'^^^^^^^  «tage,  is  not  usually 
glands  sCdd  L       fT*^''-  "f  ^"^P''^*^'^'^  tuberculosis  all  th^ 

vertebrf   Tffl  .  'T  '^^r^'^''^'  ««P^«i^'%  those  lying  close  to  the 

ei^rae.    If  the  animal  has  been  choked  or  drowned,  the  flesh  is  pallid, 

U 
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flabby  to  the  touch,  and  has  a  parboiled  appearance  If  cattle  have  been 
over  driven  shortly  before  being  slaughtered,  the  flesh  .vill  have  a  fiery  red 
appearance,  and  will  be  moist  and  wanting  m  firmness.  Ship  fever, 
which  is  caused  by  an  animal  being  knocked  about  durmg  a  voyage  is  in- 
dicated by  the  gaml)oge  colour  of  the  outside  of  the  carcass  and  the  d  s- 
Satio/  throughout"  the  fat.  The  flesh  of  cows  slaughtered  whilst 
suffering  from  milk  fever  is  almost  black  in  colour  and  sticky  to  touch 

The  degree  of  freshness  of  meat  in  commencing  putrefaction  is  judged  of 
by  the  colour,  which  becomes  paler;  by  the  odour,  Ajhich  becomes  at  an 
early  stage  different  from  the  not  unpleasant  odour  of  fi-esh  meat  and  by 
the  consi^stence.    Afterwards  the  signs  are  marked  the  o^our  ^  ^is^^^^^ 
able,  and  the  colour  begins  to  turn  greemsh.    In  diseased  meat  there  is  a 
disagreeable  odour,  sometimes  a  smell  of  physic;  very  evident  when  he 
meat  is  chopped  up  and  drenched  with  warm  water.    It  is  a  good  p  an 
lo  pu  h  TdL  knife  into  the  flesh  up  to  its  hilt.    In  good  meat  the 
esistance  is  uniform;  in  putrefying  meat  some  P^^^^ 
others.    The  smell  of  the  knife  is  also  a  good  test.    When  testmg  tlie 
sweetness  of  a  hind-quarter,  it  is  a  good  plan  to  thrust  a  ^^ooden  skewer  mt^^ 
the  flesh  just  above  "the  os  pubis,"  a  part  known  as  tt\facing  of  the 
buttock;   a  fore-quarter  may  be  tested  by  probing  above  tbe  s^^o^^J 
"chuck"  rib.      The  skewer,  when  withdrawn,   should  smeil  sweec. 
riiifirprd  and  Triehinoe  should  be  looked  for. 
%T™.  of  tke  Mar.o..-In  temperate  cH-t^s  f 
hind  leers  is  solid  twenty-four  hours  after  killmg  ;  it  is  of  a  light  rosy  rea. 
int  is  soft  brownish,  or  with  black  points,  the  animal  has  been  ^ck,  o 
puiLSction  is  commencing.    The  maixow  of  the  fore  legs  is  more  diffluent 
something  like  honey-of  a  light  rosy  red  colour. 

Affe  —In  the  voung  animal  the  bones  are  small,  soft,  porous,  ana  oi 
mnldi  colour  bJt  as^he  animal  grows  older  the  bones  become  laije 
Trde?  lesfporous,  and  whiter  in  colour.    The  ^^^^^^^^l  ^^l^^:: 
verv  P  nk  in  young  animals,  but  as  age  increases  the  pmkness  t^ffes  awa^ 
aixd'the  ribs  It  abo'ut  six  or  seven  years  old  become  q-^^ 

dressing  the  ^^1-^  t^ltef itt^s  o^^^^^^^^^^ 

g^iSt^-iSt^cS -^r^^^^^  " 

certainty  by  the  teeth. 

„  ,j  .2  permanent  teeth. 

2  years  old,     .          •         •  ^  ' 


3 
4 
5 


After  six,  the  teeth  get  worn  down  gradually,  the  centre  incisors  fi 
then  the  ojies  next  to  them,  and  so  on. 

Sheip. 

,j  .2  permanent  tcetli. 

1  yenr  old,      .  •  •  ' 
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And  after  this  the  teeth  become  worn  down,  as  in  the  case  of  bovines 
Distinctions  of  Sex.- In  the  hind  quarter  of  ox  beef  is  situated  at  the 
root  of  the  pizzle,  the  erector  muscle,  which  is  about  3  inches  in  length  bv 
U  inch  in  breadth.    In  the  bull  this  muscle  is  much  more  fuUy  developed 
than  m  the  ox;  and  in  the  bull  this  muscle  is  much  wider,  darker  in  colour 
and  coarser  in  grain.  ' 

The  pizzle  in  the  ox  is  smaU  and  undeveloped,  not  thicker  than  the 
finger,  but  m  the  buU  it  is  largely  developed ;  it  is  often  split  and  partly 
removed  in  order  to  make  it  appear  of  the  same  size  as  that  of  the  ox  or 
entu-ely  removed,  and  the  retractor  muscle  left  in.  There  is  more  cod' fat 
m  ox  than  m  buU  beef,  and  in  the  bull  the  cavity  is  generaUy  seen  from 
which  the  testicle  has  been  removed. 

In  buU  meat  generaUy,  owing  to  the  superior  muscular  development  of 
that  ammal,  the  proportion  of  muscular  tissue  or  lean  meat  is  much  greater 
than  It  IS  in  the  ox.  In  the  buU  the  fat  is  not  "marbled"  through  the 
ean  as  is  the  case  Avith  well-fed  oxen.  This  gives  the  whole  quarter  of 
bull  a  darker  and  redder  appearance  than  that  of  the  ox.  The  lean  of 
the  young  ox  is  juicy,  smooth,  and  silky  to  the  touch,  florid  in  colour  and 
marbled  with  fat ;  but  in  the  bull  it  is  coarse  and  stringy  in  texture,  Lrsh 
to  the  touch  and  the  marbling  absent.    The  bony  structure,  and  especially 

aitch-bone  is  very  much  more  massive  in  the  bull  than  in  the  ox 
n  hlul  distinguishing  features  of  a  fore  quarter  of  an  ox  from  "that  of 
a  bull  is  the  coUar  or  crest,  which  m  the  bull  is  very  large  and  muscular 
requiring  a  least  the  whole  hand  to  grasp  it,  but  in  the%x  is  vSy  much 
smaUer,  and  can  be  grasped  between  the  forefinger  and  thumb.  In  the  ox 
there  is  a  plentiful  coating  of  fat  on  the  exterior  coming  right  to  the 
pomt  of  the  shoulder,  but  in  the  buU  the  exterior  coating  of  fat  is  almost 

bu  ITil  \H  ^'''^^  by  the  outer  skin.    In  the 

bull  the  brisket  is  coarser,  harder,  and  darker  than  in  the  ox 

those  oVSfw  ^"^^         ^TT\  "'"-^  characteristics  as 

tnose  01  bulls,  but  in  a  somewhat  less  degree.    A  bull  sta^^  is  nn  am-mnl 

itii.'^"^      '^'^  oni^ttfcirora 

by  itul  oTfin^        V?       '"^^  "  b^^f*^^'        '^'^  '^'^  heifer 

^  by^itself  IS  often  applied  to  a  young  cow  that  has  not  had  more  than  one 

1  In  thP^l.S'^'l^'^  means  of  distinguishing  cow  from  heifer  beef  is  the  udder 
'  fattv  tissue  n  .'  f  "'     but  slightly  developed  ;  it  is  in  fact  enveloped  in 
mi  f    '  r^^^^r'  ^  *b^°k  ^^11       either  side  of  the  flank 

\\  hen  a  cow  has  had  one  calf,  the  surface  of  the  udder  wiU  be  sliglitlv  sof t 

:  through  wM^Trmirk^lf^  ^^^^^1,  t  '''''  ''''  thetSKs 
„u  wnicn  the  milk  has  come  will  be  just  visible. 

brown  '^'""li  '''^^  be  composed  partly  of  a  tou^h 

hi  '"h  r'''  *be  ducts  through 

calves  the  c^w  hiThnrl  ^"^'^  T'^  ^""'S^''    ^«  ^^^e  number  of 

mopp  •         bad  increases,  the  udder  becomes  looser  browner  ond 

■  clev-i,  fix:tt^^^^^^^^^  ^^^^^       ™  -  -rm  and  the  skin 

•  In  thVSutrteTi*f  Ji"        quarter  of  a  heifer  from  that  of  an  ox. 

the  bleSenbs  want' oT  f^f  ^^lef  indications  that  the  animal  is  old  are 
«houlder-bone   vith  rh  11  ''''in'  ^'^^s,  a  very  prominent  scapula  or 

The  fles^'or  tl  .  1  ^ng  away  on  either  side  of  it. 

Uesh  of  the  heifer  is  generally  silky  and  juicy  to  the  touch.  In 
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the  old  cow  it  is  generally  coarse,  dry,  and  stringy.  There  is  a  want  of 
marbling  of  fat,  and  the  fat  streaks  are  poor  or  absent  altogether. 

The  differences  of  sex  in  sheep  can  be  told  in  much  tlie  same  way  as  in 
cattle.  The  ram  in  relation  to  the  wether  presents  very  much  the  same 
appearances  as  the  bull  does  in  relation  to  the  ox.  The  ram  has  a  thick 
neck,  a  generally  muscular  and  massive  appearance,  and  a  pizzle  twice  as 
thick  as  an  ordinary  lead  pencil.  The  Avether  has  a  thin  neck  and  a  pizzle 
about  the  size  of  a  lead  pencil. 

In  old  ewes  the  surface  of  the  kidney  fat  and  also  the  back  will  be  much 
veined ;  the  knuckle  cartilages,  instead  of  showing  the  pinkish  blue  colour 
of  young  animals,  will  be  quite  bleached,  and  the  udder  large  and  spongy, 
the  holes  through  which  the  milk  has  come  being  visible. 

Horse  Flesh. — This  can  be  detected  by  the  horse  having  eighteen  pairs 
of  ribs,  while  the  ox  has  only  thirteen  pairs ;  the  tongue  of  the  horse  is 
smooth  at  tip  and  base  of  blade,  and  the  ox's  tongue  is  rough ;  the  colour  of 
the  flesh  of  the  horse  is  much  darker  and  coarser  in  fibre  than  that  of  the 
ox ;  and  the  bones  are  heavier  than  the  ox ;  the  whole  of  the  fat  of  the 
horse  is  oily,  yellow,  has  a  disagreeable  flavour,  and  is  separated  from  the 
lean.    The  odour  of  the  meat  is  different  from  that  of  beef. 

Goat  Flesh, — The  flesh  of  an  old  goat  is  dark,  harsh,  and  strong,  with  a 
peculiar  goaty  smell ;  the  shanks  of  the  fore  and  hind  legs  are  very  thin, 
ribs  white,  outer  coating  of  carcass  deep  red,  neck  very  thin  in  nanny-goat 
and  very  thick  in  the  he-goat. 

Sausages. — Decomposing  sausages  are  difficult  of  detection  imtil  the 
smell  of  putrefaction  appears.  Artmaim  recommends  mixing  the  sausage 
with  a  good  deal  of  water,  boiling  and  adding  freshly-prepared  lime  water. 
Good  sausages  give  only  a  faint,  not  unpleasant,  ammoniacal  smell;  bad 
sausages  give  a  very  offensive,  pecuUar  ammoniacal  odoiu-. 

Eefrigerated  or  Chilled  Meat.— This  is  largely  imported  from  North 
America.  In  preparing  refrigerated  meat  the  animals  are  carefiill-y 
slaughtered,  and  the  carcasses  allowed  to  cool  naturally ;  then  after  being 
quartered  they  are  placed  in  a  cool  chamber  in  which  the  temperature  is 
gradually  reduced  to  a  point  below  freezing.  They  are  then  placed  on 
board  vessels  fitted  with  refrigerating  chambers.  It  is,  generaUy  speakmg, 
exceUent  meat,  the  produce  of  very  good,  well-fed  cattle.  Eefrigerated 
meat  is  aUowed  by  contract  in  the  army,  except  during  the  months  of 
August  and  September,  but  the  proportion  of  refrigerated  beef  and  frozen 
mutton  must  not  exceed  60  per  cent,  of  the  total  weekly  issue. 

Refrigerated  meat  can  be  distinguished  by —  _      ,  •  • 

1.  The  bruised  condition  of  the  shanks,  owing  to  the  chain  which  is 
passed  round  the  hind  legs  during  the  process  of  slaughtering.  This 
method  has  now  been  so  much  improved  that  defacement  m  this  manner  is 
often  scarcely  noticeable. 

2.  The  fat  of  the  meat  is  pink,  owing  to  its  being  stained  by  the  juice 
of  the  lean  meat  which  escapes. 

3.  The  outside  of  the  meat  wiU  present  a  dead  colour,  when  compared 
with  the  lustre  seen  on  the  outside  of  good  fresh  meat.  3 

4  The  dressing  is  not  always  so  clean  and  neat  as  m  English  dressea 
meat,  and  the  pizzle  and  root  are  always  entirely  removed.  The  vertebra 
are  sawn  instead  of  chopped  through;  the  hind  quarter  usually  contains 
three  ribs  instead  of  one,  the  fore  quarter  being  shortened  proportionately. 

On  removing  the  canvas  cloth  a  slightly  unpleasant  smell_  is  sometimes 
perceptible,  but  care  should  be  taken  not  to  reject  the  meat  without  further 
examination,  as  the  smell  may  only  be  a  surface  smell  caused  by  the  clotli. 
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When  fchis  is  removed,  the  fore  and  hind  quarters  should  invariably  be  cut 
through  in  the  ordinary  manner,  when,  if  any  taint  exists,  it  will  be  easily 
detected. 

Frozen  Meat. — Frozen  beef  is  imported  largely  from  Australia  and 
South  America.  This  beef  has  been  frozen  hard,  at  a  temperature  from  10° 
to  20°  F.  as  soon  as  the  animal  heat  has  left  the  carcasses.  It  can  easily  be 
distinguished,  before  it  is  thawed,  by  its  cold,  hard  touch.  The  fat  is  not 
stained,  as  in  the  case  of  refrigerated  meat. 

When  frozen  meat  has  been  thawed,  the  outside  will  have  a  wet, 
parboiled  appearance,  and  there  will  be  oozing  and  dripping  of  liquid  from 
the  meat.  The  fat  is  of  a  deadly  white  colour.  The  flesh  has  a  uniform 
pink  appearance  owing  to  diffusion  of  the  colouring  matter  of  the  blood, 
and  on  a  fresh  section  being  made,  the  watery  condition  will  be  very 
apparent:  this  loss  of  juice  must  be,  more  or  less,  deteriorating  to  its 
quality.    Frozen  beef  is  at  present  excluded  from  army  contracts. 

Frozen  mutton  comes  generally  from  Australia  and  New  Zealand ;  being 
naturally  drier  than  beef,  it  suffers  but  little  deterioration  in  the  freezing 
process.  It  is  alloAved  in  army  contracts,  because,  being  frozen  in  an  un- 
quartered  condition,  the  meat  juice  has  no  chance  of  escaping. 

Salt  Meat.— It  is  not  at  all  easy  to  judge  salt  meat,  and  the  test  of 
cooking  must  often  be  employed.  The  following  points  should  be  attended 
to : — 

(a)  The  salting  has  been  ivell  done,  but  the  parts  inferior. — This  is  at 
once  detected  by  taking  out  a  good  number  of  pieces  ;  those  at  the  bottom 
of  the  cask  shoidd  be  looked  at,  as  well  as  those  at  the  top. 

(b)  TJie  salting  well  done,  and  the  parts  good,  but  the  meat  old.—ReTe 
the  extreme  hardness  and  tougliness,  and  slirivelling  of  the  meat,  must 
guide  us.  It  Avould  be  deskable  to  have  the  year  of  salting  placed  on  the 
cask  of  salt  beef  or  pork. 

((•)  The  salting  well  done,  but  the  meat  bad.—li  the  meat  has  partially 
putrefied,  no  salting  will  entirely  remove  its  softness ;  and  even  there  may 
be  putrefactive  odour,  or  greenish  colour.  A  slight  amount  of  decomposi- 
tion is  arrested  by  the  salt,  and  is  probably  indetectable.  Ggsticerci  are  not 
kdled  by  salting,  and  can  be  detected.  Measly  pigs  are  said  to  salt  badly, 
but  according  to  Gamgee  this  is  not  the  case. 

(d)  The  salting  badly  done,  either  from  haste  or  bad  brine.— In  both 
cases  signs  of  putrefaction  can  be  detected ;  the  meat  is  paler  than  it  should 
be  ;  often  slightly  greenish  in  colour,  and  with  a  peculiar  odour. 
_  It  should  be  remembered  that  brine  is  sometimes  poisonous ;  this  occurs 
m  cases  where  the  brine  has  been  used  several  times ;  a  large  quantity 
of  animal  substance  passes  into  it,  and  appears  to  decompose.  The  special 
poisonous  agent  has  not  been  isolated,  but  is  probably  a  ptomaine. 

mcroscopic  Examination  of  Meat.— In  the  flesh  of  cattle,  or  of  the 
pig,  Cysticerci  may  be  found.  Cysticercus  cellulosce  of  the  pig  gives  the 
meat  a  pale  flabby  appearance,  making  it  soft  and  apparently  dropsical. 
Ihe  cysts  are  generaUy  located  in  very  large  numbers  in  the  liver,  giving 
that  organ  on  section  a  mottled  appearance.  They  are  generally  visible  to 
the  naked  eye  as  small  round  bodies  ;  when  placed  under  a  microscope  with 
low  power,  their  real  nature  is  seen  ;  they  are  sometimes  so  numerous  as  to 
cause  the  flesh  to  crackle  on  section.  The  smallest  Cysticercus  noticed  by 
Leuckart  in  the  pig  was  about  ^A^ths  of  an  inch  long  and  T^Trths  broad  ; 
but  they  _^are  generally  much  larger,  and  will  often  measure  to  ^^^ths  or 
■j^ths  or  -^ths  of  an  inch.  In  some  countries  they  are  extremely  common  in 
cattle  {Crjsticercus  bovis),  and  have  been  a  source  of  considerable  trouble  in 
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North-West  India.  The  muscles  of  the  haunch  are  those  most  frequently 
affected.  Cystictrcus  of  the  ox  produces  in  man  Tcem'a  mediocanellata.  In 
sheep  Cobhold  described  a  small  Cysticercus  with  a  double  crown  of  hooks, 
26  in  number.  He  thought  that  possibly  a  special  Tanfiia  might  arise  from 
this.  Oldham  describes  Cysiicercus  tenuicoUis  (from  Tamia  marginata  of 
dogs)  as  common  in  the  sheep  of  the  Punjaub ;  it  has  four  suckers  and  a 
double  coronet  of  32  hooks.    In  diagnosing  Cysticerd  of  pork  the  booklets 

should  always  be  seen.  „   ,     „  ,      .  i  j  xi, 

Trichince  may  be  present  in  the  flesh. of  the  pig;  if  encapsuled  they 
will  be  seen  with  the  naked  eye  as  small  round  specks  ;  but  very  often  a 
microscope  is  necessary.  A  power  of  25  to  50  diameters  is  sufficient  The 
best  plan  is  to  take  a  thin  slice  of  flesh  ;  put  it  into  liquor  potassse  (1  part 
to  8  of  water),  and  let  it  stand  for  a  few  minutes  till  the  muscle  becomes 
clear  •  it  must  not  be  left  too  long,  otherwise  the  Tricldnui  will  be  destroyed. 
The  white  specks  come  out  clearly,  and  the  worm  wiU  be  seen  coHed  up. 
If  the  capsule  is  too  dense  to  aUow  the  worm  to  be  seen,  a  drop  or  two  of 
weak  acetic  acid  should  be  added.  If  the  meat  is  very  fat,  a  httle  ether  or 
benzine  may  be  put  on  it  in  the  first  place.  The  parts  most  likely  to  be 
infected  are  said  to  be  the  muscular  part  of  the  diaphragm,  the  intercostal 
muscles,  and  the  muscles  of  the  eye  and  jaw.  In  diagnosing  TriclniKe,  the 
coiled  worm  should  be  distinctly  seen.    Steplianurus  dentatus  m  the  pig  has 

already  been  referred  to.  ^     ^  i,      •  +  i 

The  so-caUed  Psorospermia,  or  Eamey's  capsules,  must  not  be  mistaken 
for  Trichince,  nor  indeed  with  care  is  error  possible.    These  are  small, 
almost  transparent,  bodies,  found  in  the  flesh  of  oxen,  sheep,  and  pigs 
Thev  are  in  shape  oval,  spindle-shaped,  or  sometimes  one  end  is  pointed  and 
the  other  rounded,  or  they  are  kidney-shaped.    The  investmg  membrane 
exhibits  deUcate  markings,  caused  by  a  linear  arrangement  of  minute,  hair- 
like fibres,  which  are  stated  to  increase  in  size  as  the  animal  gets  older 
Sometimes  they  are  pointed,  and  the  appearance  under  a  high  power  (1000 
diameters)  is  as  if  the  investment  consisted  of  very  delicate,  transparent 
conical  hairs,  terminating  in  a  pointed  process.    The  contents  of  the  cysts 
cons  St  of  grUlar  matter,  the  granules  or  particles  of  which,  when  mature 
are  oval  and  adhere  together,  so  as  to  form  indistinct  divisions  of  the  ent  re 
Isr  The  length  varies  from  ,^,th  to  ^th  of  an  inch.    They  are  us^^^^^^ 
narrow  ;  they  lie  within  the  sarcolemma,  and  appear  often  not  to  irritate  the 
muscle. 


Up  to  the  present  time  no  injurious  effect  has  been  known  to  be 
produced  on  men  by  these  bodies,  notwithstanding  their  enormous 
Suant  ties  inthe  flesh  of  domestic  animals,  nor  have  they  been  discovered 
rSe  muscles  of  men.  But  in  pigs  these  bodies  sometimes  produ  e 
decided  nbaess;  besides  general  signs  of  ilhiess,  there  are  two  mvariable 
ySptoms,  viz.,  paralysis  of  the  hind  legs,  and  a  spotty  or  nodular  eruption 
irsheep  thev  have  been  known  to  affect  the  muscle  of  the  gullet,  and 
p^odrceVsZes  or  what  may  be  caUed  so,  viz  swemngs  -met^mes  ^ 
Farge  as  a  nut,  and  containing  a  milky  purulent-looking  ^^^^^Me^ 
of  these  capsules  in  it.    Sheep  affected  in  this  way  often  die  suddenly. 

It  is  ?:^^no  means  improbable  thut  some  effect  on  man  may  be  hereafter 

'^''Z^X':^t!'^^t..  been  also  termed  r.orospernna  io..^n.^^^^ 
liver  and  other  parts  of  the  rabbit,  and  in  the  liver  of  man,  and  f^^^^^^ 
been  described  by  many  observers  in  different  terms,  may  possibly  be  found 
?n  other  animals  as  they  have  been  seen  in  the  dog  by  Virchow.  They  ar^ 
^Uelffert         RaLy's  corpuscles;  they  are  oval  or  rounded  bodies, 
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at  first  with  granular  contents,  and  then  with  aggregations  of  granules  into 
three  or  four  rounded  bodies,  in  which  something  like  a  nucleolus  is  seen. 
They  have  often  been  mistaken  for  pus  cells. 

Some  other  bodies  occiu*  in  the  liesh  of  pigs,  the  nature  of  which  is  not 
yet  known.  Wiederhold  described  a  case  in  which  little  white  specks, 
with  all  the  appearance  at  first  of  encapsuled  Trichince,  were  present ;  their 
real  nature,  however,  could  not  be  determined. 

Virchow  has  described  little  concretions  in  the  flesh  of  the  pig,  which 
seemed  to  be  composed  of  guanin ;  these  were  also  at  first  taken  for  encap- 
■  suled  TncMncB. 

Eolofi"  has  noted  little  hard  round  nodules  in  the  flesh  of  the  pig ;  some 
seem  very  small,  others  as  large  as  the  head  of  a  pin,  with  little  prolonga- 
tions running  to  the  surrounding  muscular  fibres  to  which  they  are  attached. 
On  the  outside  of  these  bodies  are  bundles  of  fine  hairs  or  needles,  some- 
times arranged  in  quite  a  feather-like  form.  The  bodies  have  a  great 
resemblance  to  the  guanin  bodies  of  Virchow,  but  the  needles  are  not 
crystalline.  Eolofi'  questioned  whether  these  bodies  might  not  be  of  post- 
mortem  origin. 

It  is  hardly  necessary  to  state  that  in  cutting  across  meat  small  bits  of 
tendons  or  fascia,  sometimes  very  like  a  little  cyst,  will  be  found;  but 
common  care  will  prevent  a  mistake. 

Diseases  arising  from  altered  Quality  of  Meat. — A  very  considerable 
quantity  of  meat  from  diseased  animals  is  probably  brought  into  the  market, 
but  the  amount  is  uncertain. 

1.  Tlie  fiesh  of  apparenthj  healthy  animals  may  produce  Poisonous 
'Symptoms.— Among  the  Mammalia  the  flesh  of  the  pig  sometimes  causes 
diarrhcea— a  fact  noticed  by  Parkes  in  India,  and  often  mentioned  by  others. 
The  flesh  is  probably  aff"ected  by  the  unwholesome  garbage  on  which  the 
pig  feeds.  Sometimes  pork,  not  obviously  diseased,  has  produced  choleraic 
symptoms.    In  none  of  these  cases  has  the  poison  been  isolated. 

2.  'fhe  flesh  of  healthy  animals,  when  decomposing,  is  eaten  sometimes 
A\  ithout  danger ;  but  it  occasionally  gives  rise  to  gastro-intestinal  disorder— 
^ omiting,  diarrhoea,  and  great  depression ;  in  some  cases  severe  febrile 
s}Tnptoms  occur,  which  are  like  typhus,  on  account  of  the  great  cerebral 
complication.    Cooking  does  not  appear  entirely  to  check  the  decomposition. 

It  appears  to  be,  in  some  cases,  the  acid  fluids  of  cooked  meat  which 
promote  this  alteration. 

Sausages,  and  pork-pies,  and  even  beefsteak-pies,  sometimes  become 
jioisonous  from  the  formation  of  a  ptomaine.  The  symptoms  are  severe 
intestinal  irritation,  followed  rapidly  by  nervous  depression  and  collapse. 
N  either  salts  nor  spices  hinder  the  production  of  this  poison. 

•  If  the  meat  is  kept  in  dark,  damp,  and  unventilated  places,  to  which 
eewer  gases  can  gain  access,  the  probability  of  the  development  of  poisonous 
)properties  in  the  meat  is  largely  increased.    In  many  cases  of  meat  poison- 
^ing  this  fact  has  been  clearly  brought  out.    The  remedy  for  this  is  obvious. 

Ballard  has  reported  two  remarkable  cases  of  poisoning  by  ham  and  hot 
J^ked  pork.  The  first  occurred  at  Welbeck  in  1880,  and  the  second  at 
^Nottingham  m  1881.  In  both  instances  a  number  of  persons  who  partook 
the  meat  were  taken  ill,  and  some  died.  Klein  examined  the  meat,  and 
•  tound  it  loaded  with  lacilli,  which  were  also  found  in  the  organs  of  the  fatal 
cases.  Guinea-pigs  and  mice,  inoculated  with  the  fluids  of  the  body,  died 
fwith  pneumonia  and  peritonitic  symptoms  :  hacilU  were  found  in  the  organs. 

Another  case  of  sausage  poisoning,  which  occurred  at  Chester,  has  been 
recorded  by  Ballard,  presenting  different  characters.    The  symptoms  were 
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those  of  gastro-intestinal  irritation,  which  passed  ofT,  but  was  followed  hy 
pneumonia,  that  proved  fatal.  No  post-mortem  examination  could  be  made. 
In  the  Welbeck  and  Nottingham  cases  there  was  an  incubation  period ;  in 
this  case  the  illness  came  on  at  once  :  in  the  former  the  poison  was  probably 
that  of  an  acute  specific  disease ;  in  the  latter  an  organic  chemical  poison. 

Many  similar  cases  have  since  been  recorded,  all  of  which  were  associated 
with  the  development  of  ptomaines  in  the  meat ;  the  only  common  factor 
being,  as  stated  above,  the  insanitary  conditions  under  which  the  meat  was 

kept.  ,  ,      .  7 

3,  The  fresh  and  not  decomposing  flesh  of  diseased  ammals  causes  m 
many  cases  injurious  effects.  A  good  deal  of  difference  of  opinion,  however, 
exists  on  this  point,  and  it  would  seem  that  a  more  careful  inquiry  is 
necessary.  The  probability  is  that,  when  attention  is  directed  to  the 
subject,  the  effect  of  diseased  meat  will  be  found  to  be  more  considerable 
than  at  present  believed.  At  the  same  time,  we  must  not  go  beyond  the 
facts  as  they  are  at  present  known  to  us,  and  at  present  certainly  bad 
effects  have  been  traced  in  only  a  few  instances ;  perhaps  the  heat  of  cook- 
ing is  the  safeguard.  . ,  ,  .  ^^  i  ^  j 
The  flesh  of  animals  killed  on  account  of  accidents  is  usually  dark  and 
discoloured  by  reason  of  not  having  been  bled ;  the  thoracic  and  abdominal 
walls  are  stained  from  contact  with  viscera ;  the  odour  is  offensive,  and  there 
is  discoloration  from  incipient  decomposition.  Most  meat  of  this  class 
must  always  be  condemned.  If  the  injuries  are  localised,  and  the  ammal 
at  once  slaughtered,  the  carcass  being  properly  dressed,  the  undamaged  parts 
are  normal  in  condition,  and  may  be  eaten  without  injury. 

If  an  animal  is  killed  by  llght^iinff,  the  flesh  putreEes  so  rapidly  that  it 
cannot  escape  detection;  the  same  applies  to  apoplexy.  In  each  case  the 
peritoneum  and  pleura  are  discoloured,  the  flesh  has  a  pungent  odour  and  a 
dark  colour  gorged  with  blood,  and  the  whole  exterior  is  dark  red.  _  ihe 
flesh  of  over-driven  animals  is  harsh  in  character  and  wanting  in  that  juicy 
characteristic  noticed  in  good,  weU-fed  animals  which  have  been  rested 

before  slaughter.  .  .  ,  i 

Carcasses  of  animals  slaughtered  before,  durmg,  or  immediately  after 
parturition  are  not  necessarily  unfit  for  food.  If  there  is  evidence  of  ex- 
travasation or  inflammation  of  the  pelvic  cavity  and  the  flesh  elsewhere 
pale  and  livid  and  ill-set,  it  should  be  condenined.  But  if  it  be  a  case  of 
Abnormal  presentation,  and  the  animal  be  slaughtered  and  properly  bled  and 
dressed,  the  flesh  may  be  perfectly  fit  for  consumption  •  fl,„,^,.^,^ 

Meat  is  not  apparently  altered  in  the  early  stage  of  acute  inflammatory 
disease,  and  it  is  said  that  some  of  the  primest  meat  m  he  London  market 
is  taken  from  beasts  in  this  condition;  it  is  not  known  to  be  "V^^^^'r^^ 
it  has  been  recommended  that  the  blood  should  be  allowed  entirely  to  flow 
out  of  the  body  and  not  be  used  in  any  Avay. 

It  is  now  generaUy  accepted  that  tuberctdosts  m  cattle  cannot  CMsfc 
without  the  tubercular  bacillus  having  been  the  exciting  cause  Certam 
predisposing  conditions  may  be  present  in  the  ca^e  of  all  animals  such  a5 
Malnutrition,  bad  ventilation,  damp  soil,  hereditary  P^<;f  P«-^'^;^f^^ 
The  bacillus  gains  access  to  the  body  either  by  inhalation  of  cont^^"^^^^^^^ 
air,  by  inoculation,  or  by  the  ingestion  of  food  containing  he  specific 
o  4nL  or  its  spores:  these  when  swallowed  adhere  to  the  mucous 
memb  ane  of  the  different  organs,  and  may  there  undergo  further  develop 
m  nt :  from  the  mucous  surfaces  they  pass  into  tl^c^^^-ounding  ti  ue  and 
to  the  lymphatic  glands,  which  become  largely  affected  :  after  them  the 
erous  inLbranes  of  the  abdomen  and  thorax  are  the  most  frequent  seat  of 
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the  disease.  Cattle,  pigs,  poultry  and  rarely  sheep  are  all  liable  to  be 
affected  with  tubercle,  but  it  is  in  cattle,  and  more  especially  milch-cows, 
that  tuberculosis  is  met  with.  The  organs  most  frequently  affected  are  the 
lungs,  liver,  kidneys,  and  brain,  and,  in  the  cow,  the  udder.  In  eatfrle 
localised  tuberculosis  is  the  exception.  The  muscles  appear  to  be  rarely 
affected,  although  bacilli  have  been  found  in  the  expressed  juice,  which  had 
infective  properties :  they  have  also  been  found  in  the  blood  and  in  the 
secretions  of  the  diseased  organs. 

From  the  appearance  presented  by  tubercular  deposits  in  the  serous 
linings  of  the  thorax  and  abdomen,  animals  suff'ering  from  well-marked 
symptoms  are  said  to  have  the  "grapes" — the  little  nodules  in  the  sub-, 
-tance  of  organs  resemble  fruit  stones,  and  are  called  "kernels."  There 
may  be  no  visible  symptom  of  the  disease  in  the  animal,  unless  in  the  case 
of  an  acute  attack,  in  which  case  there  is  always  fever  and  rapid  wasting  of 
the  body.  When  the  disease  attacks  the  external  organs,  such  as  the 
udder,  there  is  generally  no  constitutional  disturbance ;  this  is  much  more . 
likely  to  be  present  when  the  internal  viscera  are  aflfected,  so  that  an  animal 
may  be  extensively  diseased  and  yet  exhibit  no  symjatom  to  call  for  special 
attention.  The  question  of  the  use  of  the  flesh,  as  of  the  milli,  of  tuber- 
culous animals  has  been  extensively  debated.  From  the  nature  of  the  case 
there  is  great  difficulty  in  obtaining  direct  evidence  of  the  transmission 
of  the  disease  from  animals  to  man.  According  to  Johne,  the  flesh  of 
tuberculous  animals  may  be  eaten  if  the  tuberculosis  is  not  general,  but  the 
internal  organs  aff'ected  and  the  lymphatic  glands  should  be  destroyed. 
In  general  tuberculosis  the  flesh  should  not  be  eaten. 

According  to  the  experiments  of  Kastner  infection  is  not  to  be  feared 
except  in  those  rare  cases  in  which  tubercles  are  found  in  the  muscles.  In 
nine  out  of  eleven  cases  he  has,  however,  obtained  positive  results  by  the 
injection  of  the  juice  expressed  from  the  confiscated  flesh  of  seven  tuber- 
culous animals.  In  the  light  of  his  previous  experiments  he  states  that 
complete  calcification  of  the  tuberculous  processes  in  the  animal  would 
appear  to  render  the  chances  of  infection  slight,  but  if  caseous  masses  are 
found,  the  dangers  of  infection  must  be  admitted.  In  some  other  experi- 
ments by  Steinheil,  it  appeared  that  tuberculosis  could  be  transmitted  to 
guinea-pigs,  by  administering  the  expressed  juice  from  flesh  in  which  no 
tubercles  could  be  seen. 

The  Report  of  the  Royal  Commission  appointed  to  inquire  into  the 
effect  of  food  derived  from  tuberculous  animals  clearly  indicates  that  the 
danger  is  a  real  one,  especially  with  regard  to  the  meat  of  tuberculous 
Doymes.  Martin's  evidence,  in  particular,  shows  that  a  great  difficulty 
exists  with  regard  to  meat,  inasmuch  as  a  number  of  butchers  are  very 
careless  in  the  cutting  up  of  carcasses  partially  affected  with  tuberculosis. 
Matter  finds  its  way  to  the  knives  used,  and  this  is  transferred  to  joints 
which  would  otlierwise  remain  untainted.  Roasting  before  a  fire  was  the 
ieast,  and  boiling  the  most  effective  method  of  cooking  the  flesh. 

The  Royal  Commission  on  Tuberculosis,  1896-98,  made  the  following 
recommendations  :— 

fsl  -w!?^"  ^^^^^     miliary  tuberculosis  of  both  lungs,  ' 
When  tuberculous  lesions  are  present  on  the  pleura 
,3,  ^  peritoneum, 

\  )  When  tuberculous  lesions  are  present  in  the       The  entire  carcass  and  all  the 

muscular  system,  or  in  the  lymphatic  glands  f  organs  may  be  seized. 
(i\  ^vf'"''edflcd  in  or  between  the  muscles, 
W  When  tuberculous  lesions  exist  in  any  part  of  an 
emaciated  carcass, 
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(1)  When  the  lesions  aio  confined  to  the  lungs  and"^ 

the  thoracic  lymphatic  glands,  xhe    carcass,    if  otherwise 

(2)  When  the  lesions  are  confined  to  the  liver,  healthy,  shall  not  be  condemned, 

(3)  When  the  lesions  are  confined  to  the  pharyngeal  I        ^^^^.^  ^g^,.^      j^.  containing 

lymphatic  glands,  tuberculous    lesions    shall  be 

(4)  When  the  lesions  are  confined  to  any  part-com-  ^^^^^^^ 

bination  of  the  foregoing,  but  are  collectively 
small  in  extent. 

In  view  of  the  greater  tendency  to  generalisation  of  tuberculosis  in  the  pig,  • 
thev  considered  that  the  presence  of  tubercular  deposit  m  any  degree  should 
nvolve  seizure  of  the  whde  carcass  and  of  the  organs.    In  respect  of  forei^ 
mlat.  seizure  must  ensue  in  every  case  where  the  p  eur^have  b-n  strxp^ed^ 
Epideviic  pleuro-pneuvionia  is  a  disease  pecuhar  to  the  ox  and  is  a 
contaSous  inflammation  of  the  lungs  and  pleura;  but  it  has  never  been 
ransSted  to  other  than  bovine  animals  its  effects  are  loc^^^^^^^  m  the 
lunes  alone  and  even  in  these  organs  the  disease  is  a  hmited  one.    in  the 
advlnc  d  stages,  and  when  a  large  area  of  lung  tissue  is  destroyed,  ^ith 
extensive  pleSrisy,  the  flesh  becomes  altered  m  colour  and  consistence.  The 
r^leT  to  pass   he  carcasses  of  animals  affected  with  pleuro-pneumonia  a 
mtketabk  and  innocuous,  if  they  present  no  departure  from  natural 

""^inrax  occurs  in  cattle,  sheep,  horses,  and  sometimes  pigs ;  the  disease 
■A^    fofoi         nnimal  often  dving  withm  a  few  hours,    it  is  reaoiiy 

LZtJiUe  to  SheraSmalB      inLLion.  ^^K'?r'Tr'7:'S'Z 

transmisbiu^  disease— 5flc*7Z^is  anthrads—is  found  chiefly  m  the 

Torandl^Sen  0  injected  animals,  and  is  rod-shaped,  multiplying  by 
blood  and  spleen  oi  cultivated  when  spores  make  their  appear- 

trXf  XnYnj  tS  other  animals,  gerUate  into  characteristic- 
WVlli     This  disc  known  in  man  as  "wool-sorters'"  disease  and  the 

u'la I  moS  of  such  cases  is  by  inhaling  the  spores  adhering  to 

ihe  wo^?  of  animals  dead  of  anthrax  or  by  inoculation  into  abrasions  upon 

'''"l^rS^ris  the  liver,  kidneys,  and  spleen  are  congested  the  spleen  being 
"splenic  apoplexy/  anthracoid  disease  characterised 

Xtiouf id'fatal.  tha— ic  bacilH  are  found  i.  the  extravasations 

^"*iC„fc"S"the  facmty  with  '''""itrd 
muni  atedV  aetnal  contact  with  mattei;  '-P«8nf  dj^^^^^  \, 
the  great  rapidity  with  which  f ''f  f '"y^^^'j  '^^ff,  s  t^  say  that 
inadvisabiht,  of  using  tire  flesh  for        J^^^^^^^^        Jo  jd  he  unhesitat. 

-"^Se  'flr»nfcctcd  anin,a,  .should  ,»t  Jj"^  — ^^0^" 
slaughtered  in  the  earliest  stage  of  its  illness,    ihe  llesli  snoui 
destroyed  :  decomposition  is  very  rapid  „     ^^^^^     ^  ^^^^^ 

r„tSiXtSt  :f  Sr  inllt  S;ap,>.icd  to  c„nd.t,ons  re.* 
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ng  from  cantlirax  and  septicfemia,  when  the  flesh  should  certainly  be 
undenmed. 

Acute  rheumatism  in  cattle  is  sometimes  known  as  "joint-ill"  or 
'joint-felon."  The  serous  fluid  effused  into  the  joints  may  become  purulent, 
nd  abscesses  may  sometimes  be  found  in  the  neighbourhood  of  the  affected 
oints.  The  meat  becomes  dropsical  and  the  carcasses  of  animals  so  affected 
re  totally  unfit  for  human  food. 

Small-pox  of  Sheep. — The  flesh  has  a  peculiar  nauseous  smell,  and  is  pale 
ud  moist.  It  produces  sickness  and  diarrhoea,  and  sometimes  febrile 
ymptoms. 

Foot-and-Mouth  Disease. — Levy  states  that  at  different  times  (1834, 
835,  1839)  aphthous  disease  has  prevailed  among  cattle  both  at  Paris 
nd  Lyons  without  the  sale  of  the  meat  being  interrupted  or  giving  rise  to 
'id  results.  Occasionally  in  chronic  cases,  or  when  the  infected  animals 
ive  been  exposed  to  wet  or  neglect,  the  flesh  may  become  deteriorated  to 
II  extent  which  renders  it  unfit  for  food.  In  ordinary  cases  the  condition 
f  the  carcass  differs  in  no  respect  from  that  of  one  which  has  been 
laughtered  in  perfect  health.  Of  course  the  affected  parts  should  not 
le  used  for  food. 

Cattle  Plague  {Rinderpest). — A  priori,  such  flesh  would  be  considered 
dghly  dangerous,  and  the  Belgian  Academy  of  Medicine  so  consider  it; 
lilt  there  is  some  strong  evidence  on  the  other  side.  In  Strasbourg  and  in 
\T,ris,  in  1814,  many  of  the  beasts  eaten  in  those  cities  for  several  months 
lad  rinderpest,  and  yet  no  iU  consequences  were  traced.  But  it  may  be 
(uestioned  whether  they  were  looked  for  in  that  careful  way  they  would  be 
t  the  present  day.  Some  other  evidence  is  stronger ;  Eenault,  the  director 
if  the  Veterinary  School  at  Alfort,  made,  for  several  years  after  1828,  many 
xperiments,  and  asserts  that  there  is  no  danger  from  the  cooked  flesh  of 
attle,  pigs,  or  sheep  dead  of  any  contagious  disease  ("  quelle  que  soit  la 
v'pugnance  bien  naturelle  que  puissent  inspirer  ces  produits").  So,  also, 
luring  the  occurrence  of  the  rinderpest  in  England  (1865),  large  quantities 
'f  the  meat  of  animals  killed  in  all  stages  of  the  disease  were  eaten  without 
11  effects.  In  Bohemia  also,  in  1863,  the  peasants  dug  up  the  animals  dead 
nth  rinderpest,  and  ate  them  without  bad  results.  The  constitution  is, 
lowever,  gravely  affected,  and  at  the  present  time  the  majority  of  experts 
ondemn  the  flesh  as  unfit  for  human  food. 

Rabies  in  the  dog  and  cow  produce  no  bad  effects.  Walley,  however,  is 
'f  opinion  that  the  flesh  of  an  animal  that  has  suffered  from  rabies  should 
lot  knowingly  be  passed  as  fit  for  food. 

Swine  fever,  called  also  "hog  cholera,"  "soldier,"  &c.,  is  a  very  fatal 
lisease  amongst  swine.  It  is  very  difficult  to  detect  in  the  early  stages  of 
ts  development,  and  in  the  varying  modes  of  its  onset  and  progress  shows  an 
unalogy  with  typhoid  fever  in  man.  The  post-mortem  appearances  are  also 
'Bomewhat  similar— ulceration  and  inflammation  of  alimentary  canal,  most 
eommonly  the  large  intestme,  being  present.  This  disease  is  one  which 
renders  the  flesh  of  the  animal  unfit  for  consumption. 

Parasitic  Diseases. —Cysticercus  cellulosai  of  the  pig  gives  rise  to  a 
;sUaease  known  as  "  measles  "  and  produces  Tcenia  solium  in  man,  and  that 
I  the  ox  and  cow  Tcmia  mediocanellata.    These  entozoa  often  arise  from 
'^^^  neither  cooking  nor  salting  ensure  protection, 

■nough  they  may  lessen  the  danger.  Smoking  appears  to  kill  Cysticerci,  and 
•  .  according  to  Delpech,  does  a  temperature  of  212°  F.  Lewis  found 
■■  at  a  much  lower  temperature  sufficed.  When  Cysticerci  had  been 
exposed  for  five  minutes  to  a  heat  of  130°  F.  he  could  detect  no  move- 
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ments,  and  he  considered  that  a  temperature  of  from  135°  to  140°  F.  for  five' 
minutes  wovild  certainly  kill  them.  Lewis  considered  there  was  no  danger 
if  the  cooking  were  well  done,  as  the  temperature  of  well-done  meat  is 
never  beloAv  150°  F. 

Trichina  spiralis  in  the  pig  gives  rise  to  the  curious  Trichina  disease 
caused  by  the  wanderings  of  the  young  Trichince.  The  affection  is  highly 
febrile,  resembing  enteric  fever,  or  even  typhus,  or  acute  tuberculosis,  but 
attended  with  excessive  pains  in  the  limits  and  ujdema.  Boils  are  also 
sometimes  caused.  The  eating  of  raw  trichiniferous  pork  is  the  cliief 
cause,  and  the  entozoon  is  not  easily  killed  by  cooking  or  salting.  A  tem- 
perature of  144°  to  155°  F.  kills  free  Trichinoe.,  but  encapsuled  Trichince 
may  demand  a  greater  heat  (Fiedler).  During  cooking  a  temperature  which 
will  coagulate  albumin  (150°  to  155°  F.)  renders  Trichinoe  incapable  of 
propagation,  or  destroys  them.  As  a  practical  rule,  it  may  be  said  that  if 
the  interior  of  a  piece  of  boiled  or  roasted  pork  retains  much  of  the  blood- 
red  colour  of  uncooked  meat,  the  temperature  has  not  been  higher  than  131° 
F.,  and  there  is  still  danger.  Intense  cold  and  complete  decomposition  of 
the  meat  do  not  destroy  Trichinoe.  Hot  smoking,  when  thoroughly  done, 
does  destroy  them  (Leuckart) ;  but  the  common  kinds  of  smoking,  when  the 
heat  is  often  low,  do  not  touch  Trichince  (Kiichenmeister). 

Distomum  Hepaticum  in  Sheep. — It  is  said  that  many  persons  will  eat 
freely  of,  and  even  prefer,  the  liver  of  the  sheep  fidl  of  flukes.  No  direct 
evidence  has  been  given  of  the  production  of  disease  from  this  cause,  at  least 
in  this  country.  The  affected  liver  should  in  all  cases  be  destroyed  and  the 
carcass  should  be  condemned  if  it  be  deteriorated.  In  Iceland  Echinococcus 
disease,  which  affects  a  large  number  of  persons,  is  derived  from  sheep  and 
cattle,  who,  in  their  turn,  get  the  disease  from  Tcenia  of  the  dog  (Leared  and 
Krabbe).  Wet  seasons  are  conducive  to  the  spread  of  the  disease,  as  the  eggs 
and  embryo  of  the  parasite  are  developed  in  water. 

Glanders  and  farcij  in  horses  do  not  appear  to  produce  any  injurious 
effects  when  such  horse  flesh  is  eaten  as  food.  Parent-Duchatelet  quotes 
two  instances,  in  one  of  which  300  glandered  horses  were  eaten  without 
injury.  In  1870,  during  the  siege  of  Paris,  large  quantities  of  flesh  from 
horses  with  farcy  and  glanders  were  eaten  without  producing  ill  effects. 

Medicines,  especially  antimony,  given  to  the  animals  in  large  quantities, 
have  sometimes  produced  vomiting  and  diarrhoea.  Arsenic,  also,  is  occasion- 
ally given,  and  the  flesh  may  contain  enough  arsenic  to  be  dangerous. 

Enteric  Fever. — In  Germany  five  outbreaks  have  been  recorded  of  an 
illness  resembling  enteric  fever,  and  resulting  from  eating  the  flesh  of 
calves.  The  Andelfingen  epidemic  in  1839  foUowed  a  banquet,  at  which 
from  500  to  600  people  were  present:  of  these,  450  were  attacked:  the 
symptoms  were  very  much  those  of  enteric  fever,  but  only  nine  cases  were 
fatal:  the  usual  enteric  ulcerations  were  said  to  be  found.    At  Kloten  in 

1878,  717  persons  Avere  affected:  rose-coloured  lenticular  spots  were  usually 
abundant ;  the  mortality  was  small,  but  typhoid  lesions  were  present.  The 
other  outbreaks  occurred  at  Birmenstorf,  Wlirenlos,  and  Spreitenbach,  m 

1879,  1880,  and  1881,  the  numbers  affected  being  much  smaller.  In  two 
of  the  calves  lesions  resembling  those  of  enteric  fever  were  observed  post- 
mortem. Unfortunately  the  observations  were  not  conducted  in  a  maimer 
calculated  to  prevent  criticism,  and  the  question  therefore  cannot  be 
considered  as  settled ;  but  the  possibility  of  the  transmission  of  enteric 
fever  from  man  to  animals,  and  vice  versa,  must  not  be  overlooked 

In  certain  outbreaks  of  disease  traceable  to  the  consumption  of  diseasea 
meat  Gartner's  Bacillus  enteritidis  has  been  found.    This  micro-organism 
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appears  to  be  closely  allied  to  B.  it/phosus,  but  differs  from  it  by  producing  gas 
in  glucose-media.   A  variety  of  the  same  organism  was  discovered  by  Durham 
ill  the  Hatton  epidemic.    A  few  hours  after  the  consumption  of  the  food 
■  serious  illness  is  produced,  attended  by  vomiting,  diarrhosa,  and  collapse. 
Another  variety  of  disease  which  closely  simulates  enteric  fever  is  caused  by 
B.  psittacosis,  derived  from  diseased  parrots.   Van  Ermenghen  investigated  an 
outbreak  of  poisoning  due  to  the  consumption  of  raw  pickled  ham,  and 
succeeded  in  isolating  an  anaerobic  spore-bearing  bacillus  from  the  meat 
and  from  the  spleen  of  fatal  cases.    The  bacillus  has  been  named  the  B. 
botuUnus.    In  the  outbreak  of  food-poisoning  at  Chadderton,  caused  by 
the  consumption  of  veal  and  pork  pies,  the  symptoms  were  very  similar  to 
those  produced   by  Gartner's  bacillus.    The   outbreak   was  investigated 
bacteriologically  by  Durham,  who  found  that  the  blood  taken  from  patients 
gave  positive  agglutination  reactions  with  certain  of  the  varieties  of  the  B. 
enteritidis,  especially  with  the  variety  which  was  isolated  from  the  Hatton 
V     epidemic.    The  inference  is  that  the  Chadderton  epidemic  was  caused  by  a 
variety  of  B.  enteritidis,  though  the  bacillus  itself  was  not  isolated. 
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Of  the  great  nutritive  value  of  fish  as  an  article  of  diet,  there  can  be  no 
doubt.  The  varieties  which  are  used  as  food  are  almost  infinite,  and  whole 
populations  appear  to  exist  on  it.  It  is  less  satisfying  and  not  so  stimulatincr 
as  the  flesh  of  animals,  but  is  easily  digested.  Its  use  is  greatest  in  those 
places  where  it  is  readily  caught,  and  recommends  itself  on  account  of  its 
abundance  and  cheapness.  Lately  it  has  been  said  that  fish  diet  predisposes 
to  diseases  of  the  skm,  especially  leprosy ;  but  the  evidence  on  this  point  is 
not  by  any  means  conclusive :  indirectly  this  connection,  or  alle<^ed  predis- 
position may  be  associated  with  the  poverty  prevalent  in  those"  countries 
Where  the  poorer  classes  are  obliged  to  subsist  altogether  on  this  class  of 
lood,  and  where  meat  is  never  partaken  of,  and  indicates  that  fish  should 
not  alone  be  the  source  from  which  nitrogenous  food  is  taken. 

Fish  contains  a  large  proportion  of  phosphorus,  which  makes  it  a  suitable 
•  diet  tor  those  who  have  to  perform  much  brain  work ;  and  for  this  class 
who  are  mostly  of  sedentary  habits,  it  has  the  further  advantage  of  bein<^ 
'  easily  digestible  as  well.  " 

_  The  flavour  and  digestibility  of  fish  depend  on  the  amount  of  fat  it  con- 
t  tains,  which  varies  in  different  species,  the  white  fish,  as  sole  and  whitino- 
<  containing  a  small  proportion,  whereas  the  salmon  and  eel  have  a  lar^e 
i  amount.    As  a  rule,  white  fish  have  least  oil.  ° 
The  following  table  gives  the  composition  per  cent,  of  some  of  the  most 
I  important  kinds : — 


Water. 

Proteids. 

Fat. 

Salmon  (Pavy),  . 

Herring,  .... 

Sole,  

Mackerel, 
Eel  (Letheby), 

White  fish  (Pavy),       '  \ 

77-  00 
80-71 
86-14 
68-70 
75-00 

78-  00 

16-10 

10-  11 

11-  94 
23-50 

9-90 
18-10 

5-  50 

7-11 
0-25 

6-  70 
13-80 

2-90 

Inspection  of  Fish.— As  in  the 


case  of  animals,  fish  when  eaten  should 


i 
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be  fairly  fresh.  A  fresh  fish  is  firm  and  stiff;  the  drooping  or  not  of  its 
tail  is  a  fair  criterion  of  freshness  in  a  fish.  Flat  fish  keep  better  than 
herrings  or  mackerel.  Cod,  haddock,  and  whiting  keep  the  best,  particularly 
if  rinsed  with  salt  water  and  stored  in  a  cool  place.  All  fish  intended  for 
food  should  be  unbruised,  unbroken,  and  clean.  If  the  scales  are  dull  and 
damaged  it  is  very  suggestive  of  either  ill-usage  or  staleness ;  softening  in 
places  indicates  the  same. 

The  inspection  of  "food  fishes"  may  be  divided  into  two  heads,  namely, 
.ground  and  surface  fish. 

It  is  an  established  fact  that  decomposition  in  the  surface  fishes,  such  as 
herrings,  mackerel,  sprats,  mullet,  pilchards,  &c.,  is  extremely  rapid.  Ground 
fish,  like  halibut,  skate,  cod,  sole,  plaice,  turbot,  &c.,  decompose  much  less 
rapidly,  and  if  properly  packed  remain  fresh  and  fit  for  human  food  from 
seven  to  ten  days  after  being  taken  from  the  sea.  Fish  which  have  been 
ungutted  are  the  most  difficult  to  inspect,  more  especially  those  with  large 
oily  livers.  Externally  they  appear  good,  the  eyes  being  bright,  giUs  red, 
but  internally  they  are  fuU  of  decomposition  and  decay. 

"With  strong  pressure  of  the  thumb  and  fingers  upon  the  under  side,  the 
deeper  flesh  readily  crushes,  leaving  the  skin  only  between  the  fingers. 
This  is  an  infallible  test  of  unsoundness.  Immediately  after  death  the 
blood  of  fish  becomes  congealed.  When  decomposition  sets  in,  on  cutting 
the  fish  this  blood  will  run  out  as  a  liquid  of  a  dull  red  colour,  and  giving 
ofi'  an  offensive  smell.  On  removing  the  bones,  moreover,  each  one  leave 
a  dull  red  mark,  showing  where  the  decomposition  processes  are  extending 
to  the  more  solid  portions  of  the  fish.  To  avoid  rapid  decomposition,  all 
fish  should  be  at  once  bled  and  gutted  on  being  caught ;  neglect  of  this  pro- 
cedure is  the  cause  of  a  very  large  amount  of  fish  quickly  decomposing,  and 
being  in  consequence  condemned  for  use  as  food. 

Shell-fish  form  not  only  an  important  article  of  food,  but  are  extensively 
used  alive  as  bait.  Mussels  and  oysters  are  unfit  for  food  very  soon  after 
death.  Crabs  and  lobsters,  if  boiled  a  few  hours  after  death,  are  nearly 
flavourless,  decomposition  being  much  more  rapid  than  if  killed  just  befori 
cooking.  No  crab  may  be  held  in  possession  or  exposed  for  sale  less 
than  4^  inches  across  the  back,  and  no  lobster  less  than  8  inches  from  beak 
.to  tail  when  extended  flat,  the  penalties  being  in  these  cases  £2  for  the  first 
offence,  and  £10  for  the  second  and  every  subsequent  off'ence.  Under  the 
Crab  and  Lobster  Act,  no  crab  may  be  consigned  for  sale  with  spawn  out- 
side attached  to  the  tail,  but  the  lobster  may. 

Parasites  of  Fish. — The  majority  of  fishes  are  infested  with  different 
kinds  of  parasitic  worms.  As  examples  of  this"  excessive  parasiticism,  von 
Linstow  assigns  to  the  cod  nine  species  of  nematoda,  fifteen  cestodes  and 
five  trematodes ;  the  herring  is  credited  with  six  nematodes,  three  cestodes, 
three  trematodes;  the  salmon  with  five  nematodes,  nine  cestodes,  six 
trematodes.  Fortunately,  the  greater  number  of  these  are  killed  in  cooking, 
jwhile  none  of  them,  so  far,  are  known  to  be  parasitic  or  hurtful  to  man. 
IThe  oyster,  which  is  the  one  fish  eaten  raw  in  this  country,  is  at  times 
iaffiicted  with  a  trematode  worm,  but  we  have  no  evidence  to  show  that  it 
ihas  ever  adapted  itself  to  live  in  man. 

I  The  only  parasitic  worm  knownj'-TV'ith  any  certainty,  to  be  conveyed  to 
man  through  fish  is  the  Bothriocephalus  latus.  The  encysted  stage  of  this 
worm  is  passed  in  either  the  pike  or  the  turbot.  These  fish,  moderately 
jsmoked  or  salted,  are,  or  were  till  recently,  almost  the  staple  food  round 
Dorpat  in  the  Baltic  provinces;  when  eaten,  the  encysted  worms,  which 
of  course  are  not  killed  by  the  processes  of  preparation,  become  in 
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their  new  and  appropriate  environment  the  sexual  tapeworm ;  but  so  far 
as  is  known,  if  eaten  by  other  than  the  specific  hosts,  for  example,  by  other 
fish,  they  die  without  assuming  the  sexual  form.  Fish,  particularly 
decomposed,  and  some  preserved  fish,  undoubtedly  contain  various  kinds  of 
bacteria.  Edington,  in  reporting  to  the  Scotch  Fishery  Board,  has  demon- 
strated the  presence  of  bacilli  as  the  cause  of  the  red  coloration  in  some 
salt  fish.  Experiments  made,  by  various  observers,  have  shown  fish  to  be 
incapable  of  tubercular  infection  even  when  kept  in  water  largely  impreg- 
nated with  tubercle  baciUi. 

Poisoning  by  Fish.— The  flesh  of  apparently  healthy  fish  may  produce 
poisonous  symptoms.  This  is  the  case  with  certain  kinds  of  fish,  especially 
in  the  tropical  seas.  There  is  no  evidence  that  the  animal  is  diseased,  and 
the  flesh  is  not  decomposed:  it  produces,  however,  violent  symptoms  of 
two  kinds — gastro-intestinal  irritation  and  severe  ataxic  nervous  symptoms, 
with  great  depression  and  algidity.  ' 

The  httle  herring  {Clupea  harengo  minor),  the  silver  fish  (Zeus  gallus), 
the  pilchard,  the  white  flat-fish,  and  others,  have  been  known  to  have 
these  effects.  ^  Mackerel  has  been  known  to  produce  poisonous  symptoms, 
probably  owing  to  the  fish  undergoing  rapid  decomposition.  When  the 
fish  is  cooked  immediately  after  being  caught,  it  does  not  appear  to  produce 
any  bad  effects.  If  possible,  some  means  should  be  adopted  to  retain  fish 
ahve  untU  they  are  required  for  the  table  :  and  they  should  be  eaten  the 
earliest  moment  after  capture. 

Oysters  and  shell-fish  (even  when  in  season)  have  been  known  to  pro- 
duce poisonous  symptoms.  The  production  of  nettle-rash  in  some  persons 
from  eating  shell-fish  need  scarcely  be  mentioned.  When  decomposing, 
they  produce  more  marked  symptoms  of  the  same  kind. 

SheU-fish  and  Infection.— Bulstrode  and  Klein  have  furnished  a  report 
to  the  Local  Government  Board  upon  oyster  culture  in  relation  to  disease. 
Oysters  taken  from  beds  to  which  sewage  has  access  appear  to  convey  euteriq 
fever  and  probably  cholera.  An  outbreak  of  enteric  fever  among  the 
students  at  the  Wesleyan  University,  Connecticut,  was  attributed  to  the  con- 
sumption of  raw  oysters  taken  from  a  certain  ground  within  100  yards  of 
sewers  receiving  the  drainage  of  houses  in  one  of  which  were  two  persons 
suliermg  from  enteric  fever.  Chantemesse  reported  an  outbreak  of  disease 
at  teaint-Andr6-de-Saregonis  due  to  the  consumption  of  oysters  which  had 
been  stored  m  sewage-contaminated  water.  Thome-Thome  summarises 
ivlein  s  results  as  follows  : — 

(1)  The  cholera  vibrio,  and  stiU  more  the  typhoid  baciUus,  are  difficult  of 
demonstration  in  sewage  known  to  have  received  them, 
week?  ^^^^  ^^^^^  organisms  may  persist  in  sea-water  tanks  for  two  or  more 

(3)  Oysters  from  sources  which  appeared  to  be  free  from  risk  of  sewage 
contamination  exhibited  none  of  the  bacteria,  specific  or  otherwise,  which 
are  commonly  regarded  as  being  concerned  with  sewage. 

^  ^        ^"^^      numerous  batches  derived  from  sources 

Where  they  did  appear  to  be  exposed  to  risk  of  sewage  contamination  were 
round  to  exhibit  colon  bacilli. 

FWv'^?T-''iT  "1,^^^*^^  circumstances  were  especially  suspicious, 
oyster  '        ^''''^^      ^^''^  ^mgl^d.  body  and  liquor  of  the 

trpJn^"""^^"  T*^  "^n'*^"^''  ^^P^^i^lly  «^ose  taken  from  water  to  which  sewage 

and  orr'''\'  17'  ^'''^  ^^"""^     P'^'^"'^  '"^^  ^^^J  poisonous  properties, 

and  are  probably  also  a  not  infrequent  source  of  enteric  fever. 
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Various  bacteria  have  been  isolated  from  fish.  Recently  Anistamoff  has 
bred  from  sturgeons  two  mobile  short  bacilli,  microscopically  similar  to 
each  other,  one  of  which  liquefies  gelatine  while  the  other  does  not  Loth 
were  infectious  to  rabbits,  yielding  from  their  cultures  poisonous  toxines. 
The  symptoms  produced  were  the  same  as  those  foUowmg  meat  and  sausage 

The^'processes  of  drying,  pickling,  salting,  and  smoking  are  employed  for 
the  preservation  of  fish.  Each  process  considerably  essens  its  digestibility, 
and  therefore  unsuits  it  for  either  the  dyspeptic  or  the  mvahd.  Moreover, 
unless  the  fish,  originally,  be  thoroughly  sound,  there  is  ^/^^^^  ^^^^^^^ 
that  preservation  processes  may  aggravate  the  capabilities  of  fish  to  produce 
irritant  symptoms;  upon  this  point,  however,  our  present  knowledge  is 
very  inexact. 

EGGS. 

Though  both  ducks'  eggs  and  those  of  sea  fowl  are  ^^^^''^'ifJ^J; 
hen  are  the  usual  form  in  which  eggs  are  eaten  as  food.  The  average 
wekht  of  a  hen's  egg  is  about  58  grammes,  or  about  2  ounces  avon-.  :  10 
■mrfs  are  shell,  Go'white,  and  30  yolk.  The  white  contains  chiefly  egg- 
albumrS  V  of  fat  and  a  small  proportion  of  salts  ;  the  yolk  con- 
■S?ns  a  Xbulin  (vitellin),  a  large  quantity  of  fat,  and  more  salts  than  the 
wSte     Ducks'  eggs  contain  more  fat  than  do  those  of  the  hen.  _  Traces  of 

ntoratSs  fcU  eggrUh  these  bodies  are  probably  the  result  of  deeom. 
fosMon  prSTsesr^  The  follo,vii,g  table  represents  the  average  eon>pos,t.oa 

of  ordinary  hens'  eggs  :—  ' 


Whole  egg  (with  shell), 
"White  of  egg,  . 
Yolk  of  egg, 


Water. 


73-50 
85-50 
51-03 


Proteids. 


]3-50 
12-87 
16-12 


Fats. 


11-60 
0-25 
31-39 


Salts. 


1-20 

0-  63 

1-  01 


from  eggs  appear  unabsorbed  in  the  faeces,  while  ratliei  more  oi 
escapes  unutilised. 

MILK. 

Milk  not  onlyconstitutes  the  chief  diet  for  f ^^^f^  ^^P^^^  .^7/,f^f 


MILK. 
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proteids,  salts,  and  carbo-hydrates  in  solution  in  water  The 
position  of  milk  per  100  parts  from  the  chief  sources  as  used  b7manis 
shown  in  the  following  table : — 


average  com- 


Kind  of  Milk. 

Specific 

VJldiVlLj'. 

Total 

OuiIUa. 

Proteids. 

Tats. 

Carbo- 
hydrate. 

Salts. 

Proportion  of 
nitrogenous  to 
non-nitrogenous 

constituents. 

Human, 
Cow's, 
Mare's, 
Ass's  . 
Goat's, 
Buffalo's,  . 

1027 
1032 
1035 
1026 
1032 
1032 

12-60 
12-83 
9-21 
10-40 
14-30 
18-60 

2-  29 

3-  55,  ■ 
2-00 
2-25 

4-  30 
6-11 

3-81 

3-  69 
1-20 
1-65 

4-  78 
7-45 

6-20 

4-  88 

5-  65 

6-  00 
4-46 
4-17 

0-30 
0-71 
0-36 
0-f.O 
0-75 
0-87 

87-40 
87-17 
90-79 
89-60 
85-71 
81-40 

as  1  is  to  4'4 
))  1  2*5 
„  1    „  3-4 
>,  1    „  3-4 
„  1    „  2-0 
„  1    „  1-9 

•  ^^ove  are  used  at  times  by  man  for  food,  the  most 

important  kinds  are  undoubtedly  human  milk  and  cow's  milk:  and  these 
differ  from  each  other  m  some  essential  particulars.  As  seen  by  the  pre- 
ceding table,  while  there  is  more  carbo-hydrate  in  human  milk  than  in 
cows,  the  reverse  is  the  case  with  the  proteids  and  salts;  the  fat  being 
^uch  the  same  m  t^iem  both.  Ass's  milk,  except  in  regatd  to  its  fat,  is 
most  like  human  mi  k  ;  but  mare's  milk  contains  even  less  fat  and  prot^id 
than  the  asss;  while,  on  the  other  hand,  milk  from  both  the  goat  and 
buflalo  are  very  rich  m  fat.  ^ 

The  proteids  of  milk  consist  of  casein  or  caseinogen  and  an  albumin  agreeing 
in  general  features  with  ordinary  serum  albumin,  but  which,  since  it  differs 
n  Its  solubilities  and  rotatory  power  from  serum  albumin,  has  been  called 

«nn^'°'  ^der  the  action  of  rennet,  is  spHt  up  into  casein 

to  t ntnnf  ^"t"^  ^^''^  n  ''^S^^^'^^  by  heat,  and  appears  to  be  allied 
to  peptone  or  a  bumose.  Caseinogen  and  lactalbumin,  when  suspended  in 
water,  are  coagulated  by  heat,  but  not  under  natural  conditions,  owing  to  the 
alka  mity  of  the  milk.    Hence  milk  when  boiled  does  not  coagulate  as  a 

wklh7^Z*'d'  superficial  layers  exposed  to  the  air,  changes%ake  place 
by  which  a  film,  derived  partly  from  the  lactalbumin  and  partly  from 

g^ tE=r  —  ^  Ao/.nZ 

^Stv'of P?^"^""^   '^"^  chlor!des,^ith  a  L7l 

SLt  n  defpr-^'^'''r  P^°T\^.^  The  calcic  salt  appears  to  play  a  peculiar 
Si.l   f  T     if  wl'^^'^^^^'^'^y  ^^^-i  produced  by  rennet.    In  the 

^soSon  P^°^«ts  of  the  action  of  the  ferment  remain  in 

lln  Wn  ^  I  r       ^"o™al  constituent  of  the  milk  of  various  animals. 
abouH  5        '       '^Tri'*^  ^'^  Sr^'^'^e  to  the  litre,  in  cow's  milk 

SesenUnfreTn?    M- ^^P^"^  *°       ^^P^^^^"*  upon  citric  acid 

tthe^mflk^lfd'lwl'''^^^^^  minute  oil  globules  suspended  in 

cream     OnpiTt  f'  ""^"^  rise  slowly  to  the  surface  forming 

cream.    One  part  of  cream  is  said  to  correspond  roughly  to  0-2  of  fit  •  the 

■SgX:  cirb'-^^^'^^^^  p^^^  "^''^  varies,  i:ri;riidt 

oS    Thp  o  '  .  ■'  f  -  ^-^^^  as  low  as  6  in 

ithe  milk    wntpTTl  w"*^  -n    ^^^'^'^  ^'"^^     ^«  "^'^''^^"^^  «f  th«  richness  of 

^  When  milkTs  snbW  1  ?  "  "^"^^  '^^''^  ''^^^'^'^^^      the  cream. 

,  vvnen  milk  is  subjected  to  centrifugal  action,  as  in  the  separator  so  largely 

X 
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used  now  in  commercial  dairies,  a  much  larger  proportion  of  cream  is 
obtained  than  by  the  mere  skimming  process.  As  a  result  of  this,  skim  milk 
contains  1  per  cent,  of  fat,  while  separated  milk  has  practically  none. 

The  carbo-hydrate  of  milk  is  a  peculiar  sugar,  somewhat  like  cane-sugar, 
and  called  lactose  or  sugar  of  milk,  C^^li^^fii^  +  llfi,  It  is  a  hard  variety 
of  su'^ar,  c^rating  under  the  teeth,  and  tastes  but  slightly  sweet ;  it  rotates 
polarised  "light  +59°-3.  This  body,  like  other  sugars,  undergoes  fermenta- 
tion under  the  influence  of  micro-organisms,  and  one  especially,  called  the 
Bacterium  ladis,  abounds  in  dairies  and  other  places  where  milk  is  kept. 
This  micro-organism  converts  the  milk-sugar  into  lactic  acid,  while  at  the 
same  time  the  proteids  are  partly  decomposed  and  partly  coagulated,  the 
milk  itself  becoming  sour  with  enclosure  of  the  fat  in  the  coagulated  casein. 
The  precipitation  of  casein  by  lactic  acid  must  not  be  confounded  with  the 
formation  of  casein  from  caseinogen  by  ferment  action. 

After  the  lactic  acid  fermentation  of  milk  has  set  in,  the  casein  gradually 
decomposes,  and,  during  the  early  decomposition  of  the  proteids,  very  fre- 
quently highly  poisonous  compounds  are  formed,  such  often  being  the  cause 
of  the  violent  poisonous  effects  which  at  times  are  produced  by  ice-creams 
and  other  articles  of  food  into  the  making  of  Avhich  milk  enters. 

Many  other  micro-organisms  produce  coagulation  of  milk,  notably  the 
Bacillus  butyricus  of  butyric  acid  fermentation.  Some  others  have  the 
power  of  changing  the  colour  of  milk,  particularly  if  lactic  acid  fermenta- 
tion has  occurred.  Thus  the  Bacillus  cyanogenus  causes  blue  milk;  the 
Bacillus  sm^-antlmm  causes  yellow  milk;  the  Micrococcu^  prodigwsus 
produces  red  milk;  while  the  Bacillus  lactis  pituitost,  Bacillus  Lactis 
viscosus,  and  the  Streptococcus  Hollandicus  cause  milk  to  become  ropy  and 
stringy  In  nearly  all  these  cases,  the  milk  is  apt  to  cause  diarrhoea,  and  is 
unsuited  for  food.  Alcoholic  fermentation  of  the  milk-sugar  can  also  be 
set  up  by  certain  micro-organisms.  "  Koumiss  »  is  the  result  of  the  alcoholic 
fermentation  of  mare's  milk,  and  "K^fir"  is  that  of  cow's,  goat  s,  and  sheep  s. 

The  following  analysis  of  Eussian  koumiss  will  give  an  idea  ot  its 
composition : — 

1  "96 

Acid,  as  lactic,  -  ' 


Casein, 
Sugar,  . 
Fat, 

Alcohol, 
Ash, 
"Water,  . 


2-11 

0-  40 

1-  10 

2-  12 
0-34 

91-97 


Total,  .  .  .  100-00 

Boilin-  of  milk  produces,  besides  the  changes  already  mentioned  some 
obscure  changes  in  fhe  sugar,  and  greater  coalescence  of  the  ^^^f^ 
Micro-organisms  and  ferments  are  at  the  same  time  ^^^f  7^^^' ^ff  f^^^ 
explains  the  better  keeping  qualities  of  boded  milk.  Hot  weather  tends  to 
hasten  fermentation  and  decomposition  m  milk  ^iae<,ted 
As  an  article  of  diet,  milk  holds  the  highest  place.  ^^  hen  digested, 
eitlw  by  the  gastric  or  pancreatic  juices,  milk  clots,  the  casein  bemg  preci- 
itntld  as  lar^e  curds  The  curds  are  subsequently  clianged  to  albumoses 
^nd  peptonS"^  ferments,  a  bitter  substance  being  formed, 

which  makes  all  peptonised  milk  unpleasant  in  taste. 

For  infants,  human,  mare's,  and  ass's  milk  constitutes  a  typical  food  the 
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and  true  food  for  either  young  children  or  adults,  its  non-nitrogenous 
organic  food-stuffs  must  be  increased  by  adding  sugar  or  arrowroot  to  it. 
The  artificial  approximation  of  the  composition  of  cow's  milk  to  that  of  the 
human  being  is  best  carried  out  in  the  following  manner  : — "The  cream  is 
separated  from  a  pint  of  milk,  and  the  casein  of  one-half  of  the  skimmed 
milk  coagulated  with  a  small  quantity  of  rennet  and  strained  off.  To  this 
whey,  the  cream  which  has  been  removed  and  the  rest  of  the  skimmed  milk 
is  added.  The  composition  of  this  artificial  human  millc  varies  :  it  contains 
on  the  average  a  little  over  2  per  cent,  of  proteid,  4-5  per  cent,  of  fat,  5  per 
cent,  of  lactose,  and  0-6  per  cent,  of  salts." 

Humanised  milk  is  prepared  by  the  Aylesbury  Dairy  Company ;  two 
varieties  are  issued  which  have  the  following  composition  : — 

No.  1.    Total  Solids,  10-57  ;  fat,  4-05  :  proteids,  1-33  :  sugar,  4-7  :  ash,  0-49. 

No.  2.    Total  Solids,    11-7  ;  fat,  3-67  :  proteids,  2-23  :  sugar,  5-2  :  ash,  0-58, 

(Richmond. ) 

To  render  ordinary  cow's  milk  suitable  for  infants  or  others  whose 
digestive  powers  are  feeble,  it  must  be  diluted  with  either  water,  lime- 
water,  or  barley-water :  dilution  lessening  the  size  of  the  casein  clots  and 
indirectly  favouring  their  digestion.  After  dilution,  sugar  should  be  added 
to  cow's  milk  to  bring  it  nearer  to  the  human  standard  :  the  proportion  to 
be  added  should  be  about  30  grammes  of  lactose  to  each  litre  of  diluted 
milk,  or  about  three-fifths  of  an  ounce  to  each  pint.  The  exact  dilution  to 
which  the  milk  should  be  submitted  of  course  varies  with  the  child's  age'; 
thus,  for  the  first  month  of  life,  two  parts  of  water  must  be  added  to  one  of 
milk ;  after  the  second  and  third  months,  more  milk  may  be  added,  until 
about  the  sixth  month  the  child  attains  to  undiluted  milk.  These  must  be 
taken  only  as  general  statements,  as  frequently  milk  needs  to  be  more 
diluted  even  than  this.  The  percentage  composition  of  diluted  cow's  milk 
with  added  lactose  may  be  thus  given  as  quoted  by  Martin : — 


Water. 

Pro- 
teids. 

Pats. 

Lac- 
tose. 

Salts. 

Proportion  of 
nitrogenous  to 
non-nitrogenous 
food-stulfs— as 

Cow's  milk  with  equal  parts  of  water. 
Cow's  milk  with  two  parts  of  water, 

90-59 
92-73 

1-77 
1-18 

1-85 
1-23 

5-44 
4-63 

0-35 
0-23 

1  :  4 
1  :  4-8 

Accepting  this  statement,  and  assuming  that  a  child  at  five  months 
requires  about  2  htres  of  mother's  milk  daily,  representing  nearly  45 
grammes  of  proteid,  80  grammes  of  fat,  125  grammes  of  sugar,  and  6 
grammes  of  salts  :  it  would  require,  therefore,  3  litres  of  milk  diluted  with 
2  parts  of  water  to  obtain  similar  amounts  of  the  food-stuffs. 

In  the  case  of  an  adult  requiring  daily  4-59  ounces  of  proteid,  2-96  ounces 
of  fat,  and  14*2  ounces  of  carbo-hydrate,  and  assuming  that  1  litre  (35 
ounces)  of  average  cow's  milk  contains  1-24  ounce  of  proteid,  1-29  ounce  of 
fat,  1-7  ounce  of  lactose,  and  0-27  ounce  of  salts,  it  would  require  at  least  4 
litres  or  about  7  pints  of  milk  to  furnish  liim  with  the  necessary  amount  of 
proteid,  while  at  the  same  time  the  fats  and  water  would  be  in  excess  and 
the  carbo-hydrates  deficient. 

Vaxiations  in  the  composition  of  normal  cow's  milk  are  of  frequent  occur- 
rence, and  may  result  not  only  from  the  kind  of  feeding,  but  also  from 
peculiarities  of  race,  the  time  since  calving,  and  methods  of  milking  the 
cow.  As  evidence  of  this  we  Qnd  that,  in  what  are  really  normal  milks,  the 
specific  gravity  may  range  from  1-027  to  r034,  the  water  may  vary  from 
85  to  88  per  cent.,  the  proteids  from  2-5  to  5  per  cent.,  the. fat  from  2 '75 
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f 

to  6  per  cent.,  the  kctose  tan  3-6  to  6  per  eent..  and  total  solids  from  11-5 

'^Ketof  diet  is  largely  sho™  by  '"^cl ::?a;orani  b^^^ 
milk  of  cows  fed  upon  fodder  rKh  VV/'^f/^f^^^'^t^^^^^^^^^  the  fat. 

roots.    The  addition  of  F"'"*  f*'^^^^  'breweries  and  distilleries 

taste  unpleasantly.  ^      proportion  of  total  solids 

The  quantity  of  milk  yielded  by  a  cow,  ana      i    i  ^^^^^ 

and  fats?  often  vary  in  opposite  ^^'^^^  Z  percentages  of  fat. 

which  produce  an  abundance  of  milk,  ^"^f/^ /'^"r-i^  ^-^^^      fat;  others, 
I  derneys,  on  the  other  hand  commonly  yie^^^^  ^' 
Uke  the  long-horned  cows,  yield  xLy  -cti^^^^^  -ver  fall 

proportion  of  total  sohds  m  a  ^^^^^l^^^^^^^  13  per  cent.  Though 

Lliw  11-5,  Tf  diff^^^^^^^^^  are  apt  to  vary  much,  the 

the  fats  yielded  hy  the  milks  o   Jffe^^nt  cows      j   ^^^^  ^^^^^  g.^ 

"solids  not  fat"  fluctuate  ^^l^^iv^Jy  ^^!^';^^ted  a^^^  the  minimum  standard  of 
cent.,  a  figure  which  - ^^^^^^^^^^^^^  "riations  in  the  composition 

a  pure  and  normal  milk,    ^his  quest  on  o  observations  on  the 

of  milk  is  one  of  some  complex  ^y    m  every  ^  ^^^^^^^  months  of 

average  composition  of  milk  ^^^^ districts  or  entire  counties 
the  year,  as  it  is  only  by  mean      ^^^^^n  o^^^^^^^^  standards, 
that  we  can  arrive  at  any  correct  option,  or  torm  ^^^^^^^  ^^^^^ 

In  skimmed  milk,  the  P'^^P,^^*^^;;  °V^sual^^^  to  from  1-032  to 

cannot  be  given,  but  the  -V^^^^^J^^^^  wate  ed.  Separated  milk,  or  that 
1-035,  unless  it  has  been  «^^^l^^^r°^ty3rpa^^^^^^^^^^^  contains  from  0-1  to  0-25 
which  has  had  its  cream  ^^"^"^^'i.^VrnvX  of  from  1-033  to  1-036.  A 
per  cent,  of  fat,  and  has  a  'V^^^JZ^r^LZl  milk,  or  of  milk  which 
Lxture  of  skimmed  evening  nu^k  and  new  morni  ^.^^  ^^^  „ 

has  been  partially  ^^'^^'^/^^^.f;'",'^' '  easily  defined.  - 

average  composition  and  condition  is  ^ot  easuy  colostrum,  is 

The  milk  secreted  in  the  early  «f 
very  rich  in  proteids  due  V^^f-^'^^^ZTS^V^^^^^     characteristic  of 
epithelial  lining  of  the  ducts  J^^^  f^^^  ,f  erum-albumin  and  casern 

Sits  1-67.  ,    m  „f  tj,a  cow  gradually  alters  in  quality. 

After  the  colostrum  s^^se,  ™e  ™' ,  "  ?         fet  are  increased. 

Uplo  the  second  month  ^tSAf^^^^^^ 

Prom  the  tenth  to       '^"J  f.  t°ve  f The  lactose  lessens  durmg 

fat  hecomes  less  from  the  fifth  to  the  ^  „„a  tenth  months 

s:etra;^rrin=p"™^ 

■       nltfar  the  a,e  of  the        o^^'—  t:"^^''^ 

isL%hrti;;«ry^ 

Screted  for  a  short  '-^^f  iVltw^^^^^^^^^ 

days    Pleisohmann  says  ^h^t  the  quaniui  ,   decreasing  then 

rSase  from  1  litres  at  the  flf^^l^\^,,^t..Uy  give  inferior  null- 
to  600  litres  at  the  fourteenth.    Agoa  my. 
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but  that  the  mere  number  of  pregnancies  influence  the  composition  of  the 
milk  is  doubtful.  The  occurrence  of  the  rut,  during  lactation,  has  no  regular 
effect  upon  the  milk :  at  times  it  is  unchanged  in  quantity  but  thin  and 
poor,  on  other  occasions  it  curdles  on  boiling  even  when  fresh.  Transient 
iUnesses  in  the  cow,  such  as  diarrhoea  or  indigestion,  act  like  defective  feed- 
ing, often  lowering  the  specific  gravity  of  the  milk  four  or  five  units. 

The  manner  of  milking  materially  affects  the  quality  of  milk.  In  the 
udders  of  a  cow,  a  separation  of  cream  takes  place  exactly  as  in  a  vessel. 
On  this  account,  the  milk  first  drawn,  or  "fore-milk,"  is  always  poor  in  fat, 
while  the  last  portions,  or  "  strippings,"  are  rich  in  fat.  Hence  it  follows 
that  a  good  average  milk  can  be  obtained  only  if  the  udder  is  entirely 
emptied,  and  the  whole  milk  well  mixed.  The  first  three  strokes  of  a  milk- 
ing should  not  be  collected,  but  should  serve  to  rinse  out  the  excretory  ducts 
and  remove  any  impiurities  or  microbes  which  have  entered.  The  time  of 
milking  has  no  distinct  influence  upon  the  quality  of  the  milk,  so  long  as  it 
is  performed  at  exactly  equal  intervals.  If  cows  are  milked  at  unequal 
intervals,  the  quantity  of  milk  after  the  shorter  intervals  is  smaller,  but 
contains  a  higher  percentage  of  fats  and  of  sohds.  Small  differences  may 
be  produced  by  a  cliange  of  locality  and  an  unaccustomed  milker. 

No  exact  statements  can  be  made  as  to  the  composition  of  cream,  as  it 
varies  so  very  considerably.  From  a  very  large  number  of  analyses,  the  fat 
may  be  said  to  average  from  45  to  49  per  cent.  The  cream  rises  in  from 
four  to  eight  hours :  it  is  hastened  by  warming  the  milk,  but  its  quantity 
is  not  increased.  The  centrifugal  apparatus  now  in  use  removes  all,  or  nearly 
all,  the  cream  in  a  few  minutes.  Cream  so  obtained  commonly  contains 
more  fat  than  cream  which  has  been  obtained  by  allowing  the  milk  to  stand. 

Milk  alters  in  standing ;  it  absorbs  oxygen,  and  gives  off  carbon  dioxide  ; 
placed  in  contact  with  a  volume  of  air  equal  to  its  own  bulk,  it  absorbs 
all  the  oxygen  in  three  or  four  days.  The  carbon  dioxide  is  formed  at  the 
expense  of  the  organic  matter  (probably  casein),  and  bodies  richer  in  carbon 
and  hydrogen  are  formed ;  fat  increases  in  amount,  and  oxalic  acid  is  said 
to  be  formed. 

Subsequently  lactic  acid  is  formed  in  large  quantities  from  the  lactose  ; 
the  milk  becomes  turbid,  and  finally  casein  is  deposited.  The  cream  which 
had  previously  risen  to  the  surface  in  part  disappears. 

Milk  in  Eelation  to  Disease. — That  milk,  after  standing  some  time,  turns 
sour  and  coagulates  under  bacterial  action,  is  a  fact  familiar  to  all.  Such 
sour  milk  is  a  fruitful  source  of  digestive  troubles  in  young  children,  causing 
vomiting,  flatulence,  and  diarrhoea.  By  a  similar  action  of  bacteria,  various 
coloured,  stringy,  or  ropy  milks  are  produced,  all  of  which  cause  irritation 
of  the  intestine,  producing  diarrhoea,  as  well  as  in  some  cases  giving  rise  to 
some  aphthous  affections  of  the  mouth  in  children.  Besides  these  alterations 
in  milk,  which  occur  after  it  has  been  drawn,  there  are  others  which  appear 
to  be  present  in  the  milk  when  it  is  drawn. 

It  is  well  known  that  in  hiiman  beings,  bitters  and  purgatives,  if  taken 
by  the  mother,  act  upon  infants  taking  the  milk.  In  the  same  way,  the 
milk  of  goats  which  have  eaten  colchicum  or  other  Euphorbiaceous  plants 
produces  poisonous  symptoms,  including  diarrhoea :  also  in  the  case  of  cows 
affected  with  "trembles"  due  to  eating  the  Mhus  toxicodendron,  their  milk 
gives  rise  to  vomiting  and  constipation. 

The  milk  of  cows  affected  with  various  forms  of  mastitis  tends  soon  to 
decompose  :  it  may  contain  colostrum  cells,  or  heaps  of  granules  collected 
in  roundish  masses,  pus  cells,  or  epithelium,  and  occasionally  blood.  It 
then  soon  becomes  acid,  and  the  microscope  usually  detects  abnormal  cell 
forms  and  casts  of  the  lacteal  tubes.    FUrstenberg,  quoted  by  Kdnig,  gives 
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some  analyses  of  milk  from  a  cow  affected  with  interstitial  inflammation  of 
the  mammary  gland.  In  one  case,  the  milk  contamed  5v 8  per  cent  o 
proteid,  with  only  small  amounts  of  fat  and  lactose  :  m  another,  the  proteid 
Avas  even  hicrher :  in  another  case,  in  which  the  mastitis  was  more  acute,  the 
casein,  fat,  "and  sugar  were  all  diminished,  while  the  albumin  was  very 
3;  increased.  How  far  the  milk  yielded  by  these  inflamed  mammary 
glands  of  the  cow  are  capable  of  producing  disease  m  the  human  being  is 
not  clearly  defined,  but  there  can  be  no  doubt  that  such  milk  is  unsuited 

proteids  are  increased,  and  blood  and  granular  cells  are  seen  under  the 

'^'''Tn}7otand-mouth  disease  {eczema  epizootica)  the  specific  gravity  rapidly 
falls  though  this  is  not  invariable  ;  the  milk  contains  pus  and  blood,  with 
granular  m°asses.    Bacteria  and  round  ceUs  are  common.    The  milk  some- 
times  coagulates  on  boiling.  _ 
The  following  analyses  are  quoted  by  Konig  :— 


Water. 

Albumin. 

Fat. 

Lactose. 

Acute  stage,  . 
During  convalescence, 
On  2nd  day  of  disease. 
On  4th  ,, 
On  14th 

87-70 
90-60 
79-90 
83-85 
83-88 

3-90 

2-  85 
14-38 

3-  47 
11-48 

3-90 

2-  30 
5-01 
7-80 

3-  96 

3-81 

3-  02 

4-  67 

Salts. 


0-  69 

1-  23 
0-71 
0-21 
0-68 


Authority. 


Lassaigne. 
Wynter  Blyth, 


There  has  been  much  discussion  whether  tlie  mUK  irom  luuL-auu-^w.... 
disease  in  cows  can  cause  affections  of  the  mouth,  or  give  rise  m  human 
brgs  to  anTdisease  similar  to  that  of  cattle  Pigs  c-.-^^r^f^e  the 
disease  from  the  milk  of  the  cow;  sheep  and  hares,  ^hich  also  have Jhe 


r^i-QPT??  nerhans  "et  it  from  tJie  saliva  on  neruciye.    x^x   . 

Sco  Lnt  and  in  a  great  measure  negative;  still  there  are  some  striking 
^se    wh^^^^^^^^^      sufficient  to  prove  that  disease  of  the  mouth  (aphthous 
Xrktion    -eneral  redness,  diphtheritic-like  coating,  swoUen  tongue)  and 
^ough  rarel.  an  aff^t W  the  feet  m^  ^    ^  P^;^- 


Briscoe. 


The  cases  were  limited  to  the  area  of  a  particular  milk  supply,  8«  per  cent. 

.  .-,      r.      •!•   ■■.r.n-lV  Vioinrr  nttacked. 


of  the  ^^y^^l^^^^^lCt^^:i^tl:t.t  an  epide^nic  of  sore  throat 
case,  also  enlargement  of  the  glands  o  the  ned.  jrCre  were  205 

tordC^uth'Ss^re*^^^^^  of  the  farms  from 

SSL^-n  ~  :&rCne  salts,  while 

deficient  in  fat,  sugar,  and  proteids. 
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It  is  now  known  that  tuberculosis  can  be  transmitted  from  the  cow  to 
other  animals  through  milk,  that  it  is  a  disease  very  prevalent  amongst 
cows,  and  that  it  is  the  same  disease  as  in  the  human  species.  If  a  cow  is 
suspected  to  be  tuberculous,  it  should  be  tied  up  for  twenty-four  hours,  and 
then  injected  with  3  c.c.  of  tuberculin,  either  in  front  of  the  shoulder,  or  on 
the  chest  wall  behind  the  point  of  the  elbow.  The  temperature  of  the  cow 
must  be  taken  at  the  6th,  9th,  12th,  and  15th  hour  after  the  injection  ;  if 
within  the  15th  hour  the  temperature  rises  to  104°  F.  or  over,  the  animal 
is  tuberculous,  but  if  the  temperature  remains  below  103°  ¥.  the  animal  is 
not  tuberculous.  A  temperature  between  103°  and  104°  F.  is  doubtful ; 
the  animal  should  be  again  injected  in  a  month's  time.  There  is  also  some 
evidence  to  show  that  tuberculosis  may  be  transmitted  from  the  cow  to  man. 
A  distinction,  however,  must  be  made  between  the  milk  from  cows  with 
tubercular  udders  and  that  from  animals  affected  with  general  tuberculosis, 
as  the  tubercle  bacilli  are  rare  in  milk  unless  the  udders  are  tuberculous. 
The  relation  between  the  presence  of  tubercle  bacilli  in  milk  and  the  extent 
of  disease  in  the  cow  is  a  matter  of  great  importance.  By  means  of  the 
tubercuhn  test  tuberculosis  in  cattle  is  said  to  be  detected  with  almost 
infallibility.  Eabinowitsch  and  Kempner  tested  fifteen  cows  with  tuber- 
culin, and  obtained  a  distinct  reaction.  Three  months  later  samples  of 
millc  from  ten  of  these  cows  proved  to  be  tuberculous.  Ostertag,  however, 
concludes  from  his  "  experiments  with  the  milk  of  fifty  animals  which  reacted 
to  tuberculin,  but  showed  clinically  no  signs  of  disease,  that  the  milk 
of  such  animals  is  absolutely  non-infectious  for  guinea-pigs."  Hirschberger 
believes  that  milk  may  be  infective  when  only  a  small  lesion  exists  in  the 
lungs.  Ernst  examined  114  samples  of  milk  from  thirty-six  tuberculous 
cows,  showing  no  udder  lesion,  and  found  2 8 '57  per  cent,  to  be  infective. 
Animals  can  be  given  tuberculosis  by  feeding  them  with  milk  from  tuber- 
cular cows.  Boiling  the  milk  is  a  preventive  measure  of  the  first  importance, 
as  the  tubercle  bacilli  are  destroyed  by  heat.  The  experiments  made  by 
Boyce,  Sims-Woodhead,  and  Del^pine  with  town  and  country  milks  have 
shown  that  about  6 "6  per  cent,  of  the  former  and  17  "4  per  cent,  of  the 
latter  are  tuberculous,  viz.,  cause  tuberculosis  when  injected  into  guinea- 
pigs.  These  results  indicate  better  sanitation  in  the  cowsheds,  shippons, 
and  dairies  in  large  towns  than  in  country  places. 

Zymotic  Diseases. — Milk  may  also  be  a  means  of  conveying  the  poisons 
of  enteric  fever,  of  scarlet  fever,  of  diphtheria,  and  of  cholera.  In  the  first, 
it  has  probably  usually  arisen  from  the  watering  of  the  milk  with  impure 
water  containing  the  agent,  or  from  the  use  of  foul  water  in  washing  out 
the  milk  vessels ;  but  it  may  possibly  have  in  some  cases  arisen  from  the 
enteric  effluvia  being  absorbed  by  the  milk.  The  scarlet  fever  and  diph- 
theria poisons  have  probably  got  into  the  milk  from  the  cuticle  or  throat 
discharges  of  persons  affected  with  those  diseases,  who  were  employed  in 
the  dairy  while  ill  or  convalescent.  But  the  investigations  by  Power  and 
Klein,  in  connection  with  the  Hendon  outbreak,  seem  to  show  that  cows  are 
liable  to  a  disease  which,  although  comparatively  mild  as  regards  the  animal 
itself,  is  capable  of  communicating  scarlatina  to  man.  Klein,  by  means  of 
careful  cultivations,  has  shown  that  the  micrococci  found  in  such  milk  are 
probably  identical  with  those  found  in  scarlatina,  and  that  they  may  be 
capable  of  exciting  the  disease  in  animals.  There  seem  also  grounds  for 
believing  that  milk  may  be  the  means  of  transmitting  diphtheria  from 
diseased  cows,  apart  from  direct  contamination  from  human  beings. 

That  milk  is  not  only  a  probable  but  an  actual  agent  in  the  dissemination 
of  enteric  fever  has  long  been  recognised.  This  may  occur  either  by 
adulteration  of  the  milk  with  impure  water  containing  the  specific  microbe, 
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or  by  the  use  of  similarly  befouled  water  in  washing  out  the  milk  vessels  ; 
or  even  from  the  milking  of  the  cows  by  a  person  whose  hands  have  been 
soiled  by  the  enteric  dejecta.    An  interesting  case   dlustratmg  this  last 
method,  is  related  by  Welply  as  having  occurred  at  Bandon  m  1893,  m 
which  the  central  focus  of  the  disease  was  a  large  creamery,  and  the 
medium  was  the  separated  milk  distributed  therefrom     Allen,  of  l  ieter- 
maritzburg,  and  Power  have  reported  cases  which  would  seem  to  indicate 
Tat  entefic  fever  may  be  transmitted  to  man  by  milk  of  cows  Buffermg 
from  a  similar  malady.    Though  their  facts  are  very  suggestive  of_  this 
sequence  of  events,  they  cannot  be  quite  accepted  as  altogether  conclusive 
^  Just  as  enteric  fever,  scarlet  fever,  and  diphtheria  may  be  disseminated 
by  the  specific  infection  of  milk,  so  may  cholera  be  similarly  conveyed 
Simpson  of  Calcutta  gives  the  particulars  of  an  outbreak  of  cholera  on 
Wd  the  ship  "Ard^enclutha"  lying  olf  that  port,  m  which  the  poison 
seemed  undoubtedly  to  have  been  conveyed  by  milk.    Of  the  crew  o  this 
ship    all  those  who  drank  milk  brought  by  a  particular  native  milkman 
B Xed     The  milk  seller  was  traced,  and  found  to  live  near  a  tank  m  o 
S  dejecta  from  a  cholera  patient  found  access  ;  and  ^e .  confessed  to 
habituallv  diluting  his  milk,  one-fourth,  with  water  from  this  tank.  All 
othSly  caS        inquired  into,  and  negatived  before  this  apparently 
clear  causative  connection  was  discovered. 

imk  Epideinics.-Power  has  shown  that  outbreaks  of  disease  trans- 
mitted bv  milk  have  the  following  characteristics  :—  .      .  -f 
i   The  outbreak  is  usuaUy  sudden,  and  the  cessation  is  abo  abrupt,  if 
alloLce  is  made  for  late  cases  which  have  probably  been  infected  from 

TTi—VO^L^^^^^^  are  simultaneous ;  the  outbreak  also 

reach;s  its  maSm  too  rapicUy  to  admit  the  possibHity  of  infection  from 
the  firs^^ases  ^^^^  ^^^^  ^^^^^^        ^^^^^^  -^^      the  same 

time     TMs  may  occur  apart  from  milk  infection,  but  it  is  very  exceptional 

same  retailer  households  supplied  by  the  suspected  toy  he 

.scelLrar"l  the  numher  of  households  ^^^^^^  "J 
;rpo?tinSrhe1oSl^"of  t^^^^  ^s  .  the  total 

""t  mh"oH7b^^^  to  the  amount  of  urUh  CO. 

7.  it  the  nousenomb  uc  attacks  are  more  numerous  amongst 

sumed  daily,  it  ''^^f'^l'^  '  Tl  e  weaKhTer  consumers  generally 

households  consuming  a  larger  suppiy.  j-^i  •  ■|„^ -^^ 
suffer  more  than  the  poorer  classes  m  milk  cpi^i^in  cs 

8  Attacks  are  rare  among  persons  who  dnnk  httle  oi  no  milk,  ) 

^attended  with  a  low  mortahty. 
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11.  Cream,  or  milk  kept  over-nighfc,  is  often  more  virulent  than  milk 
consumed  in  the  fresh  state. 

Vaughan  of  Michigan  has  demonstrated,  in  old  and  stale  milk,  the 
presence  of  a  ptomaine-like  body  which  is  toxic  to  animals.    It  appears  to 

■  be  found  in  marked  quantity  in  cheeses  and  ice-creams,  and  is  probably  the 
I  cause  of  many  of  the  cases  of  poisoning  by  those  articles  which  are  on 
1  record.    Otlier  cases  are  known  in  wliich  milk,  stored  in  dirty  pans  and  in 

■  unwholesome  or  filthy  surroundings,  has   given  rise  to  most  alarming 
1  symptoms.    What  are  the  precise  changes  induced  in  milk  by  these  condi- 
tions is  not  weU  understood,  but  the  probable  decomposition  is  a  trans- 

:  formation  of  the  proteids  into  highly  poisonous  benzene  derivatives, 
the  most  important  of  which  is  diazobenzene,  commonly  known  as  tyro- 
toxicon. 

The  Preservation  of  Milk. — The  sterilisation  of  milk  is  a  difficult  pro- 
cess, because  milk  is  particularly  liable  to  infection  by  very  hardy  germs. 

'  The  mUk  issuing  from  the  udder  of  a  healthy  cow  is  already  infested  by 
bacteria.    When  milking  is  ended  a  small  quantity  of  milk  is  left  in  the 

i  lacteal  ducts,  which  become  infested  with  bacteria  which  make  their  way  from 

i  the  outside,  and  favoured  by  the  body  temperature,  undergo  considerable  multi- 
plication.   During  the  next  milking  these  bacteria  pass  into  the  milk.  In 

;  addition,  the  udder  of  the  cow  and  the  air  of  the  cow-house  are  usually  laden 

■  with  bacteria  which  also  gain  admission  to  the  milk.  The  germ  content  of 
:  freshly-drawn  milk  increases  very  rapidly  during  transport  to  the  centres  of 
I  consumption  and  also  during  storage  in  milk  shops.    Experience  teaches 

■  that  a  short  boiling  destroys  most  pathogenic  organisms  and  all  the  bacilli 

•  to  which  the  ordinary  souring  is  due.  The  tubercle  bacillus,  the  typhoid 
bacillus,  and  the  spirillum  of  cholera  are  destroyed  by  a  temperature  of  65° 

'  C.  in  fifteen  minutes  ;  also  the  lactic  acid  bacilli  fail  to  cause  the  souring  of 
;  milk  after  exposure  to  a  temperature  above  45°  C.    Consequently  it  has 
been  suggested  to  Pasteurise  milk,  viz.  to  raise  it  to  a  temperature  of  75°  C. 
:  for  half  an  hour ;  this  process  will  give  all  the  advantages  just  mentioned 

•  without  any  very  appreciable  deterioration  of  the  nutritive  powers  of  the 
;  milk.  It  is  true  that  Pasteurisation  leaves  unafi'ected  the  spore-bearing 
t  organisms  belonging  to  the  B,  mesentericus  species ;  but  to  destroy  these, 
I  in  fact,  to  sterilise  milk,  it  is  necessary  to  either  raise  the  milk  to  a  tempera- 
1  ture  of  100°  C.  on  several  successive  days  or  to  expose  it  to  a  temperature 
(  of  120°  C.  for  fifteen  to  twenty  minutes.  Sterilisation  undoubtedly  seriously 
i  injures  the  nutritive  power  of  milk,  and  though  recommended  by  many 
.  authorities,  is  really  not  necessary ;  it  is  quite  sufficient  to  ensure  the 
I  destruction  of  pathogenic  organisms  and  those  which  produce  the  ordinary 
1  lactic  acid  fermentation.  The  presence  of  the  spore-bearing  organisms  can 
1  be  prevented  to  a  great  extent  by  insisting  on  clean  udders,  clean  hands,  and 
]  pure  air  in  the  cow-house. 

The  preservation  of  milk  is  also  attained  by  adding  antiseptics,  such  as 
5  salicylic  acid,  boric  acid,  and  formalin,  to  the  milk,  either  before  or  after 
1  it  has  been  heated.  The  common  forms,  however,  of  preserved  milk  are 
t  the  concentrated  ones,  such  as  the  dried  milk,  and  the  so-called  condensed 
:  milks  with  or  without  sugar.     Those  without  sugar  keep  less  well  than 

•  those  with  sugar,  once  the  tin  in  which  they  are  sold  is  opened.  The 
t  majority  of  condensed  milks  are  made  by  evaporating  down  the  original 
t  milk  to  a  third  or  a  quarter,  and  then  adding  sugar  to  it ;  this  added  sugar 

■  tends  to  make  condensed  milks  rather  fattening  ;  but  their  nutritive  value 
;  18  often  below  that  of  the  fresh  article,  simply  because  many  of  the  so-called 

''^^i  "/^^  milks  in  the  market  are  nothing  more  than  condensed  separated 
I  milks  (that  is,  milks  from  which  nearly  the  whole  of  the  cream  has  been 
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mechanically  separated)  mixed  with  sugar,  and  really  contain  a  very  low 
percentage  of  fat — so  low  as  to  be  negligible  quantities  so  far  as  value  to 
the  consumer  is  concerned.  Of  course,  there  are  notable  exceptions  to 
this  rule ;  such  condensed  milks  being  actually  condensed  whole  milks  as 
distinguished  from  the  comparatively  worthless  condensed  separated  milks. 
A  clear  understanding  upon  this  subject  is  very  necessary  in  the  interests 
of  the  feeding  of  infants.  "  Milk  "  at  no  time  should  be  construed  so  as  to 
mean  "thinned  milk,"  nor  does  it  mean  "separated  milk."  These,  which 
are,  as  every  one  knows,  articles  of  commerce,  should  be  described  at  all 
tinies  by  their  distinctive  titles.  Condensed  milk  means  condensed  whole 
milk,  and  if  a  preparation  which  has  been  obtained  by  condensing  separated 
milk'  is  called  condensed  milk,  its  sale  as  such  amounts  to  a  distinct  fraud 

upon  the  public.  ■,  -n 

Condensed  or  preserved  milks,  prepared  entirely  from  skimmed  milk, 
are  found  on  analysis  to  show  an  average  of  only  0-72  per  cent,  of  fat. 
Some  brands,  prepared  from  partly  skimmed  milk,  or  from  skimmed  milk 
to  which  a  small  proportion  of  unskimmed  milk  has  been  added,  show  an 
average  of  3-14  per  cent,  of  fat.  Samples  of  condensed  genuine  full- 
cream  milk,  such  as  the  well-known  "  Milkmaid "  brand  prepared  by  the 
Anglo-Swiss  Condensed  Milk  Company,  have  yielded  from  10  to  12 
per  cent  of  fat. 
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ScherfPs  con- 

10-63 

1-68 

densed  milk,  . 

72-87 

8-20 

6-62 

Nestle's  con- 

19-60 

1-94 

densed  milk,  . 

25-35 

30-77 

8-14 

14-20 

American  con- 

14-82 

2-58 

densed  milk,  . 

50-35 

18-89 

13-36 

Irish  Co.'s  con- 

18-00 

2-10 

densed  milk,  . 

25-83 

35-67 

3-40 

15-00 

Lceflund's  con- 

17-55 

2-20 

densed  milk,  . 

57-79 

15-24 

7-22 

Lcfiflund's  (Alpine 

Co.)  condensed 

11-71 

14-82 

2-34 

milk, 

59-23 

11-90 

Cow  brand  con- 

17-00 

24-70 

1-80 

densed  milk,  . 

32-00 

16-18 

0-32 

Milkmaid  brand 

34-18 

2-06 

condensed  milk, 

25-25 

14-35 

12-25 

11-91 

Swiss  compressed 
extract  of  milk, 

0-72 

34-48 

1-87 

55-58 

7-35 

Koumiss  from 
mare's  milk,  . 

90-  63 

91-  97 

2-24 
2-11 

1-46 
1-10 

1-77 
0-40 

0-22 
0-34 

1-  91 

2-  12 

0-  91 

1-  96 

"  V 
Koumiss  from 

cow's  milk, 

K^fir, 

88-28 
90-22 

2-  66 

3-  49 

1-83 
1-44 

4-09 
2-40 

0-43 
0-68 

1-14 
0-75 

0-  55 

1-  02 

Cross  brand  con- 
densed milk,  . 

31-00 

15-32 

0-96 

16-00 

34-82 

1-90 

Goat  brand  con- 
densed milk,  . 

32-60 

16-11 

0-56 

16-44 

32-29 

2-00 

Is 


0-86 
0-86 


0-16 


The  anomalous  state  of  the  law  which  has  nitnerto  ""T-^^^-^r"- 
milk  which  has  been  deprived  of  its  fat,  to  be  sold  as  "  condensed  milk 
has  been  rectified  by  the  passage  of  the  Sale  of  Food  -d  Drug^Ac^  899 
which  imposes  a  penalty  on  any  person  who  shall  sell  oi  otier  lor  sai 
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adulterated  or  impoverished  milk  or  cream,  except  the  same  is  made  up  in 
packages  or  tins  conspicuously  marked  and  indicating  that  the  milk  or 
cream  has  been  so  treated.  If  condensed  or  skimmed  milk  is  contained  in 
the  tins  or  other  receptacles  they  must  bear  a  label  with  the  words 
"Machine-Skimmed  Milk"  or  "Skimmed  Milk"  printed  in  large  and 
legible  type. 

Strictly  speaking,  both  "Koumiss"  and  "Kefir,"  which  are  fermented 
milks  of  the  mare,  are  forms  of  preserved  milk,  both  containing  lactic  and 
carbonic  acids,  with  some  alcohol.  In  Kefir,  the  casein  is  partially  changed 
into  albumose  and  peptone.  Both  these  forms  of  fermented  and  partially 
digested  milk  are  used  as  food  for  the  sick,  or  those  in  whom  digestion  is 
feeble.  The  percentage  composition  of  some  preserved  milks  is  given  in 
the  foregoing  table. 

EXAMINATION  OE  MILK. 

Although  the  milk  from  individual  cows  varies  largely  in  composition, 
yet  the  mixing  of  the  milk  given  by  a  herd  averages  the  general  composi- 
tion mthin  certain  limits.  The  examination  of  a  milk  sample  is  intended 
primarily  to  determine  whether  it  is  what  it  is  said  to  be ;  that  it  is  pure  and 
wholesome;  and  that  it  has  not  been  adulterated  or  sophisticated  so  as  to  be, 
)i  m  any  way,  detrimental  to  health.    The  chief  adulterations  of  milk  are  :— ' 

1.  The  addition  of  water  (not  necessarily  pure  water). 

2.  Eemoval  of  part  of  the  cream  and  adding  water  to  bring  the  specific 
gravity  to  the  normal ;  or  removal  of  the  cream  from  the  evenintr  milk 

.»  and  adding  the  morning  milk.  * 

3.  The  addition  of  starch,  flour,  gum,  dextrin,  or  glycerine. 

4.  The  addition  of  bicarbonate  of  soda,  borax,  boric,  and  salicylic  acid 
h  and  formalin  as  preservatives. 

I  In  the  examination  of  a  milk  sample,  attention  should  be  directed  to  the 
n<  loUoAvmg  preliminary  observations  : — 

;  The  Fhydcal  CAarac^e?-s.— Placed  in  a  narroAv  glass,  the  milk  should  be 
M  qmte  opaque,  of  full  white  colour,  without  deposit,  and  without  peculiar 

smell  or  taste.    When  boiled  it  should  not  change  in  appearance 
J       iimc^iora.— Eeaction  should  be  slightly  acid  or  neutral,  or  very  feebly 

alkahne;  if  strongly  alkaline,  either  the  cow  is  diseased  (?)  or  there  is  much 

colostrum ;  or  sodium  carbonate  has  been  added.  Milk,  when  just  drawn 
i  v!^  the  cow  IS  sometimes  both  acid  and  alkaline;  that  is,  it  turns  blue 

irnnus  red,  and  turmeric  brown,  giving  what  is  known  as  the  "  amphioteric  " 
-reaction.  Ihis  is  probably  due  to  the  presence  of  acid  phosphates  of  the 
-  diKanes.  btrong  acidity  means  the  presence  of  lactic  or  butyric  acid,  and  is 
'  Pff^     !•    ^«<;'^°gr=^de  changes  in  the  milk.    Strong  alkalinity  may  mean 

either  a  diseased  cow,  or  added  sodium  bicarbonate. 

•eradnoH  milk  is  allowed  to  stand,  some  of  the  fat  rises 

■  graauauy,  and  forms  a  rich  layer,  constituting  cream.    Its  proportion  de- 
pends on  several  conditions,  and  can  be  readily  determined  in  the  following 
h  a  100  nif •  'T^  ^^^^     ^  ^''"S  ff^^'^'  ^^i^h  i«  graduated  to  100  parts^ 

pared  hv  ^  r  °'  "^'^  ^  S^^^^  specially  pre- 

fer aLf™^     ^""'^''^^  compasses  100  equal  li^es  on  a  piece  of 

hourS'in      ^^"'^"g  the  glass.    Allow  it  to  stand  for  twenty-four 

r-ontalp  n?  '^P^°^"'^  from  currents  of  air.    By  this  means  the  per- 

There  sho.rr  '""^       P^^^«"°«  °f  '^^P^^i*.  if  ^^^7'  observed, 

'^bly  cha^lr  starTh       ''^  decomposes ;  if  there  be,  it  is  prob- 

The  cream  should  be  from  ^^ths  to  J^Vths ;  it  is  generally  about  ^^^th.^ ; 
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Whole  Milk. 

Skimmed  Milk. 

Cream. 

1032 

1034 

1015 

14-10 

9-60 

26-98 

3-56 

3-75 

1-13 

5-05 

0-28 

21-95 

4-70 

5-05 

3-32 

0-73 

0-72 

0-58 

in  the  milk  of  Alderney  cows  it  will  reach  ^jf^^ths  or  ^^''^ths.  The  time  of 
year  (as  influencing  pasture),  and  the  breed,  should  be  considered. 

Unfortunately  the  amount  of  cream  formed  in  a  given  time  cannot  be 
taken  as  a  measure  of  the  richness  of  the  milk.  Water  added  to  milk  causes 
a  more  rapid  separation  of  the  cream,  and  milk  subjected  to  centrifugal 
action  yields  a  much  larger  percentage  of  cream,  practically  all  the  fat  beinj^ 
removed.    The  following  analytical  averages  show  this  very  clearly  : — 

Specific  gravity, 
Total  solids, 
Casein, 
Fat,  . 
Lactose, 
Salts, . 

For  the  detection  of  the  more  common  adulterations  of  milk,  namely,  the- 
removal  of  cream  and  addition  of  water  or  other  matters,  recourse  must  be. 
made  to  the  following  determinations. 

Specific  Gravity. — In  all  milks  the  specific  gravity  is  understood  to  be 
taken  at  15°  C.  or  60°  F. ;  if  at  other  temperatures,  the  result  must  be 
corrected  for  15°  C  by  a  reference  to  the  table  given  in  Appendix  XIII. 
The  instrument  usually  employed  is  a  lactometer.  The  specific  gravity  of 
normal  milk  varies  between  1-027  and  1-034,  being  less  in  proportion  as  the 
fat  is  greater.  A  milk  the  specific  gravity  of  which  has  been  raised  by 
removal  of  fat  (skimming),  can  be  restored  to  its  original  specific  gravity  by 
adding  water,  so  that  this  determination  by  itself  cannot  be  taken  as  a 
reliable  index  of  the  character  of  a  sample.  But  taken  in  conjunction  with 
the  figures  for  total  solids  or  for  fat,  it  is  of  the  greatest  value,  and  con- 
stitutes a  reliable  check  upon  other  determinations. 

Expressed  in  general  terms,  it  may  be  said  that  the  specific  gravity  of 
milk  falls  one  degree  for  each  rise  of  10°  F.  above  60°  F.,  and  that,  at  that 
temperature,  there  is  a  loss  of  three  degrees  of  gravity  for  every  10  per  cent, 
of  water  added. 

Owing  to  the  fact  that  milk,  especially  when  first  drawn,  often  contains 
bubbles  of  air,  care  must  be  taken  in  mixing  the  samples  before  taking  thi 
density,  and  to  allow  sufficient  time  for  the  escape  of  any  bubbles  that  ma} 
be  present. 

Total  Solids.— Evaporate  a  known  quantity,  say  2  c.c,  of  the  milk  to 
dryness  in  a  flat  and  shallow  dish,  and  weigh.  Calculate  out  as  a  per- 
centage. The  heat  employed  should  not  exceed  100°  C.  (212°  F.)  and 
should  be  continued  for  at  least  three  hours,  taking  care  that  there  is  no 
charring.  The  specific  gravity  of  the  milk  being  known,  the  amount  taken 
can  be°readily  calculated.  Thus,  2  c.c.  of  milk,  whose  specific  gravity  is 
1-032,  would  weigh  2-064  grammes,  and  if  after  evaporation  this  amount 
of  milk  gave  a  solid  residue  of  0-284  gramme,  the  percentage  of  total 

solids  yielded  by  the  sample  would  be  =13-76.    The  total 

solids  found  ought  not  to  be  below  11-5,  but  more  usually  average  between 
12  and  13  per  cent. 

Ash.— The  residue  or  dried  solids,  in  the  last  determination,  may  be 
incinerated,  re-weighed,  and  calculated  out  in  a  similar  manner  as  so  much 
ash.  In  normal  milks  this  averages  about  0-73  per  cent.,  and  in  no  case 
should  fall  below  0-7  ;  if  the  milk  be  watered,  it  will  be  less.  Any  marked 
derrree  of  alkalinity  or  effervescence  of  the  ash  with  hydrochloric  acid  will 
suggest  the  addition  of  a  carbonate.  The  ash  of  milk  may  be  said  to  have 
the  following  composition  : — 


FAT. 


333 


Minimum. 

Maximum. 

Mean  of  4. 

Potash,  . 

Soda,  .... 
Liuie,          ,          .          •  ■ 
Magnesia,  .... 
Ferric  oxide, .... 
Phosphoric  acid, 
Sulphuric  acid. 

Chlorine,  .... 

17-09 

8-  60 
17-31 

1-90 
0-33 
27-04 

9-  87 

33-25 
11-18 
27-55 
4-10 
0-76 
29-13 

16-96 

24-67 
9-70 

22  00 
3-05 
0-53 

28-45 
0-30 

14-28 

(Weber  and  Haidlen.) 

Pat.  The  estimation  of  the  fats  constitutes  a  very  important  determina- 
tion. This  is  best  done  by  means  of  the  apparatus  of  Gerber  or  of 
Soxhlet,  in  which  ether  is  made  to  pass  repeatedly  through  the  solids  of 
milk.  Adams'  process  is  largely  employed  for  the  determination  of  fat.  It, 
is  performed  as  follows  : — 

Thoroughly  shake  up  the  sample  and  fill  a  10  c.c.  burette  with  it. 
Next  prepare  a  helical  coil  by  rolling  a  strip  of  fat-free  paper  2^  inches  wide 
and  22  inches  long,  previously  threaded  with  string  or  wire  down  the  centre ; 
the  ends  of  the  string  or  wire  are  fastened  outside  the  coil.  The  milk  is 
then  allowed  to  enter  the  coil  from  a  burette,  and  the  number  of  c.c.  used, 
taken  in  conjunction  with  the  specific  gravity  of  the  sample,  enables  the 
weight  of  milk  operated  on  to  be  calculated,  or  the  coil  may  be  placed  in 
a  beaker  containing  a  known  weight  of  milk,  and  after  the  coil  has  been 
removed  a  re- weighing  of  the  beaker  will  give  the  amount  of  milk  absorbed, 
by  the  paper.  The  coil  is  next  dried  in  the  air  or  an  oven  for  two  hours, 
and  then  introduced  into  the  Soxlilet  apparatus.  The  dried  and  weighed 
bottle  is  thea  filled  two-thirds  full  with  ether  and  attached  to  the  apparatus, 
and  the  fat  extracted  by  about  twelve  siphonings.  The  ether  is  then 
evaporated  olf  in  a  hot-water  bath,  and  the  bottle  finally  dried  in  the  hot- 
air  bath  at  212°  F.,  allowed  to  cool,  and  then  weighed.  The  gain  in  weight 
gives  the  amount  of  fat  contained  in  the  weight  of  milk  used  in  the 
experiment. 

In  Gerber's  method  2  c.c.  of  the  milk  mixed  with  plaster  of  Paris  are 
dried  on  a  porcelain  lid  and  the  dried  solids  are  then  scraped  off  and  placed 
in  a  funnel  of  fat-free  paper,  which  is  placed  in  the  glass  funnel  of  the 
Gerber  apparatus.  All  traces  of  solids  are  removed  from  the  porcelain  lid 
by  washing  with  ether ;  the  washings  are  filtered  through  the  filter  paper, 
and  the  bottle  (previously  dried  and  weighed)  then  filled  about  half  full 
with  ether.  By  heating  the  bottle  in  a  water-bath  at  a  temperature  of 
about  150°  F.,  the  ether  volatilises  and  passes  through  the  solids,  and  being 
recondensed  above,  falls  back  into  the  bottle  through  the  filter  paper.  In 
this  way  the  solids  are  constantly  washed  with  ether  for  about  two  hours. 
The  bottle  is  then  detached,  the  ether  being  evaporated  off'  as  before ;  the 
bottle  is  dried,  cooled,  and  weighed.  The  gain  in  weight  gives  the  amount 
of  fat  in  the  number  of  c.c.  of  milk  placed  on  the  lid,  and  the  specific 
gravity  of  the  milk  being  known,  the  percentage  of  fat  by  weight  is  easily 
calculated.  Should  the  milk  have  become  sour,  Adams  recommends  the 
addition  of  ammonia,  which  restores  the  fluidity  without  otherwise  affecting 
the  constituents. 

What  is  known  as  the  Werner-Schmidt  method  is  a  fairly  satisfactory 
means  for  the  determination  of  fat,  and  is  especially  suitable  for  sour  milk. 
Measure  10  c.c.  of  the  milk  into  a  long  test-tube  of  50  c.c.  capacity, 
graduated  to  tenths  of  a  c.c,  and  add  10  c.c.  of  strong  hydrochloric  acid. 
After  mixing,  the  liquid  is  heated  for  one  minute  until  it  turns  a  brown 
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colour.  The  tube  and  contents  are  cooled  in  Avater,  ether  added  up  to  the 
50  c.c.  mark,  and  the  cork  inserted.  The  tube  is  then  well  shaken  and  set 
aside  until  the  ether  has  separated.  At  the  junction  of  the  brown  mixture 
of  hydrochloric  acid  and  milk  and  the  ethereal  solution  a  fluffy  layer  of  casein 
appears.  The  number  of  c.c.  occupied  by  the  ether  plus  f  of  the  fluffy  layer 
of  casein  are  read  off  and  noted,  as  they  contain  all  the  fat  which  was  present 
in  the  10  c.c.  of  milk  operated  on.  The  cork  is  removed  and  10  c.c.  of  the 
clear  ether  then  pipetted  off  into  a  weighed  platinum  capsule,  the  ether  is 
evaporated  off,  the  capsule  dried,  cooled  and  weighed  as  in  the  other  pro- 
cesses. The  gain  in  weight  gives  the  amount  of  fat  in  10  c.c.  of  milk  of 
known  specific  gravity,  so  the  percentage  by  weight  is  easily  calculated. 

Leffmann  and  Beam  have  devised  a  method  for  determining  the  amount 
of  fat  by  means  of  a  centrifugal  apparatus.  The  procedure  is  as  follows  : 
15  c.c.  of  the  milk  to  be  examined  are  run  into  a  test  bottle  which  has  a 
capacity  of  about  30  c.c.  and  is  provided  with  a  graduated  neck,  each 
division  representing  -Jjj-  per  cent,  by  weight  of  butter  fat;  3  c.c.  of  a 
mixture  of  equal  parts  of  amylic  alcohol  and  strong  hydrochloric  acid  are  now 
added  and  thoroughly  mixed  with  the  milk  ;  the  bottle  is  then  filled  nearly 
to  the  neck  with  sulphuric  acid  (95  per  cent.)  and  the  liquids  mixed  by 
holding  the  bottle  by  the  neck  and  giving  it  a  gyratory  motion.  The  neck 
of  the  bottle  is  now  filled  up  to  the  zero  mark  with  a  mixture  of  equal 
parts  of  water  and  pure  sulphuric  acid.  The  bottle  is  then  centrifugalised 
for  two  minutes ;  the  fat  will  be  found  to  collect  in  the  neck  of  the  bottle, 
and  the  percentage  can  be  at  once  determined  by  measuring  with  a  pair 
of  callipers  the  number  of  divisions  occupied  by  the  column  of  fat. 

Gerber's  mechanical  process  is  much  the  same  as  Leffmann  and  Beam's 
method.  The  Gerber  apparatus  consists  of  a  hollow  disc  about  eighteen 
inches  in  diameter,  in  which  are  clips  for  holding  the  glass  tubes,  which  when 
placed  in  position  are  covered  by  a  plate  that  fits  over  the  disc  forming  a  hollow 
box.  The  disc  is  rotated  so  as  to  give  a  velocity  of  2000  revolutions  per 
minute.  According  to  the  working  instructions,  10  c.c.  of  sulphuric  acid, 
from  1-820  to  1-825  specific  gravity,  are  placed  in  the  bottle;  then  1  c.c.  of 
amylic  alcohol  and  11  c.c,  of  the  milk  to  be  examined  are  added.  The 
bottle  is  closed  with  an  india-rubber  stopper,  the  contents  shaken  until  the 
solution  changes  to  a  dark  brown  colour.  The  bottle  is  then  rotated  for 
three  minutes,  the  fat  collects  in  the  graduated  portion,  and  the  amount  can 
be  at  once  determined. 

Several  investigators  have,  from  time  to  time,  proposed  formulae  by 
which,  when  any  two  of  the  data,  specific  gravity,  fat,  and  total  solids,  are 
known,  the  tliird  can  be  calculated.  At  times  these  formulae  are  very 
serviceable.  That  of  Hehner  and  Richmond  is  the  best,  and  is  now  very 
extensively  used,  being  based  on  an  extensive  range  of  observation  and 
perfect  processes  of  fat  extraction.    The  formula  is  as  follows : — 

F  =  0-859  T  — 0-2186  G,  in  which  F  is  the  fat,  T  the  total  solids,  and  G 
is  the  specific  gravity.  This  formula  does  well  for  ordinary  milks,  but  in  the 
case  of  poor  skim  milks,  it  has  been  found  necessary  to  modify  it  as  follows:— 

F  =  0-859  T  -  0-2186  G  -  0-05(^^  -  2-5^. 

This  correction  is  only  to  be  applied  when  G,  divided  by  T,  exceeds  2-5. 
In  these  formulae,  G  represents  the  last  two  units  of  the  specific  gravity  and 
any  decimal.    Thus,  if  the  observed  gravity  be  1029-7,  G  will  be  29-7. 

.SteampZe.— Applying  the  formula,  in  the  case  of  a  milk  -whose  specific  srayity  is 
1029-5  and  whose  total  solids  are  12-5,  we  find  the  fats  to  be  4-28  per  cent.  So,  in  t.iie 
case  of  a  poor  milk  whose  specific  gravity  is  1032,  and  total  solids  9-//,  the  lats  per 
ceut.  are  found  to  be  but  1  -36. 
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A  ready  means  of  applying  this  formula  is  afforded  by  the  use  of 
Kichmond's  slide  rule.  This  has  three  scales,  two  of  which,  for  total  solids 
and  fat  respectively,  are  marked  on  the  body  of  the  rule,  while  that  for  the 
specific  gravity  is  placed  on  the  sliding  portion.  The  divisions  of  the  scales 
are  arranged  as  follows  : — On  the  total  solids  scale,  1  inch  is  divided  into 
tenths;  on  the  fat  scale,  1"164  inch  is  divided  into  tenths;  while  on  the 
specific  gravity  scale,  0*254  inch  is  divided  into  halves.  To  use  the  rule, 
adjust  the  figure  of  the  observed  specific  gravity  to  that  of  the  total  solids 
found,  when  the  arrow  point  will  indicate  the  percentage  of  fat ;  or,  if 
the  fat  be  known,  then  by  adjusting  the  arrow  point  to  the  graduation 
corresponding  to  the  fat  found,  the  figure  for  the  specific  gravity  will 
coincide  with  that  for  the  total  solids.  This  slide  rule  does  not  allow  for 
the  correction  for  poor  skim  milks,  but  the  error  from  this  cause  does  not 
exceed  0"08  per  cent.,  and  may  be  practically  disregarded. 

For  cases  in  which  the  fat  and  specific  gravity  are  known,  Eichmond 
has  recently  proposed  the  following  new  formula  for  calculating  the  total 
solids: — T=  1'2  F  +  0'14  +  0-25  G.  Eichmond  has  also  suggested  a  formula 
by  which  the  proteids  can  be  calculated  when  the  specific  gravity,  fat,  total 
sohds,  and  ash  are  known.  The  milk  sugar  can  then  be  estimated  by  sub- 
tracting the  sum  of  the  ash  and  proteids  from  the  solids  non-fat.  Thus,  if 
P  represent  the  proteids,  T  the  total  solids,  A  the  ash,  F  the  fat,  D  the 
density  (water  at  60°  F.  being  unity),  and  G  the  excess  density  ( =  1000  D 
-  1000),  then  the  j)roteids,  P,  may  be  found  by  the  following  formula  :  

P  =  2-8  T -t- 2-5  A  -  3-33  F  -  0-7^ . 

When  the  solids  non-fat  and  the  fat  are  known  the  excess  gravity  (G)  is 
obtained  by  the  formula  G  =  3-905  S  -  0-815  F. 

Casein. — Take  a  weighed  or  measured  quantity  of  milk;  add  two  or 
three  drops  of  acetic  acid,  and  boil.  Add  a  good  deal  of  water ;  allow  to 
stand  for  twenty-four  hours:  pour  off  the  supernatant  fluid;  wash  the 
precipitate  well  with  ether  at  80°  F. ;  dry  and  weigh.  Calculate  the  per- 
centage as  casein;  it  is  difficult  to  free  it  entirely  from  fat.  Wanklyn 
recommends  the  albuminoid  ammonia  process,  as  in  the  case  of  nitrogenous 
matter  in  water,  one  part  of  casein  yielding  0-065  of  ammonia. °  This 
determination  is  not  often  required. 

The  serum-albumin  may  be  estimated  in  the  whey  after  clotting  a 
measured  quantity  of  milk  by  rennet.  A  measured  amount  of  the  filtered 
whey  is  precipitated  by  excess  of  alcohol,  the  precipitate  collected,  washed 
with  ether  and  alcohol,  dried  and  weighed. 

Lactose  may  be  determined  either  by  means  of  a  saccharometer,  or  by  a 
standard  solution  of  copper. 

Of  the  various  kinds  of  saccharometer,  the  so-called  half-shadow  instru- 
ments are  the  most  satisfactory.  They  are  so  arranged,  by  the  use  of  a 
semi-circle  of  thin  quartz,  that  the  field  is  divided  into  semi-circles  which 
are  equally  illuminated  when  the  instrument  registers  zero.  On  the  introduc- 
tion of  a  tube  carrying  the  sugar  solution,  the  illumination  becomes  unequal 
and  the  angular  rotation  of  the  analyser  which  is  required  to  restore  the 
original  condition,  measures  the  rotation  which  has  been  caused  bv  the 
sugar. 

In  the  various  transition  tint  saccharometers,  as  well  as  in  Schmidt  and 
menschs  latest  form  of  half-shadow  instrument,  the  graduated  scale  does 
not  airectly  give  measurements  in  angular  degrees,  but  expresses  a  percent- 
age ot  sugar  directly  in  terms  of  cane-sugar. 

«m  ^'^^  .°P*^j°^l  activity  of  a  sugar  is  variously  expressed  according  to  the 
source  ol  light  used.   In  tlio  literature  upon  this  subject,  we  find  the  activity 
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expressed  as  [a],,,  [a]j,  &c.  When  a  sodium  flame,  or  a  Bunsen  burner  in 
the  middle  of  which  is  a  pellet  of  sodium  held  on  a  platinum  wire,  is  the 
source  of  light  employed,  it  is  indicated  by  [ajn,  wliile  the  symbol  [a]j. 
represents  light  from  a  candle  or  strong  gas  flame ;  this  is  sometimes  called 
the  yellow  ray.  When  it  is  necessary  to  determine  optical  activities  for 
rays  of  other  refrangibility,  say  for  the  lithium  or  thallium  flame,  it  is  only 
necessary  to  colour  the  Bunsen  flame  with  these  metals  in  the  same  way  as 
in  the  case  of  sodium  above.    The  readings  are  then  [aju  and  [a]-^. 

In  the  Soleil-Duboscq  saccharometer  the  scale  is  so  constructed  that  the 
100  point  is  recorded  by  a  solution  of  cane-sugar  in  a  200  mm.  tube  con- 
taining 16-35  grammes  of  pure  cane-sugar  per  100  c.c;  consequently,  each 
degree  of  the  scale  represents  0-1635  gramme  of  cane-sugar  per  100  c.c. 
According  to  O'SuUivan,  100  divisions  of  this  instrument  correspond  to 
24°  angular  rotation  for  the  mean  yellow  ray ;  hence  one  division  of  this 
scale  equals  0-24  angular  degree  ray  j  or  [a]j. 

In  the  Soleil-Ventzke-Scheibler  saccharometer,  and  in  Schmidt  and 
liaensch's  modification  of  it,  the  scale  is  so  constructed  that  the  100  point 
is  recorded  by  a  solution  in  a  200  mm.  tube  containing  26-048  grammes  of 
pure  cane-sugar  per  100  c.c;  consequently,  each  division  of  the  scales  on 
these  instruments  represent  0-26048  gramme  of  cane-sugar  per  100  c.c. 

Taking  the  value  of  [a]j  for  cane-sugar  as  73° -8,  100  divisions  of  the 
Ventzke  scale  are  equal  to  38°-4  [a]j ;  that  is  to  say,  that  a  solution  con- 
taining 26-048  grammes  of  cane-sugar  per  100  c.c,  and  which  produces  a 
rotation  of  100  divisions  on  the  Ventzke  scale,  would  record  on  instruments 
having  angular  graduation  a  rotation  for  the  same  ray  through  an  angle  of 
38°-4°  hence  one  division  of  the  Ventzke  scale  equals  0°-384  angular 

measurement.  i    •      £  i 

When  the  degrees  of  angular  rotation  produced  by  a  solution  ot  a  kno\\Ti 
sugar  are  known  or  determined,  the  percentage  composition  of  that  solution 

equals  12^,  where  a  equals  the  observed  angular  deviation,  and  r  is  the 
specific  rotation  of  the  sugar,  while  I  is  the  length  of  the  tube  in  decimetres. 
Conversely,  the  specific  rotatory  power  or  r  equals         ,  where  the  other 

symbols  being  as  before,  c  is  the  strength  of  solution  employed.  Therefore, 
in  order'  to  calculate  the  specific  rotatory  power  from  observations  made 
with  either  the  Soleil-Duboscq  or  Soleil-Ventzke-Scheibler  and  Haensch 

instruments,  the  equations  stand  [a]j  =        and  [a]j  =  respectively. 

From  the  foregoing  data,  and  by  experimental  observation,  the  following 
table  has  been  constructed  : — 


Rotatory  Power  [aD  at  15° -5  C.  of  various  Sugars. 
+  equals  right.    -  equals  left. 

Scale  divisions  on  a 
S.-V.-S.  or  S.  and  H. 
Saccharometer  corre- 
sponding to  a  1  per 
cent,  solution  of  the 
sugar. 

Dextrin  

Cane-sugar,  

Lactose, 

Maltose,  

Dextrose  

Lsevulose,  

Invert-sugar,  

+  222°-0 
+  73°-8 
-1-  61°-5 
+  155° -0 
+  59°-0 
-106°-5 
-  23°-75 

+ 11  -53 
+  3-84 
+  3-20 
+  8-05 
+  3-07 

-  5-54 

-  1-24 

USE  OF  THE  SACCHAKOMETER. 


337 


In  order  to  facilitate  calculations  of  percentages  of  various  sugars  by 
those  using  either  a  Soleil-Ventzke-Scheibler,  or  Schmidt  and  Haensch's 
saccharometer,  the  following  factors  may  be  used,  and  by  which  scale 
divisions  on  those  instruments  may  be  multiplied,  to  obtain  percentage 
statements  of  the  particular  sugars  being  examined.  These  factors  are 
obvious  deductions  from  the  preceding  statement. 


Kind  ot  Sugar. 

Saccharometer  Factor. 

Dextrin,  ..... 

0-0866 

Cane-sugar,  .... 

0-2604 

Maltose,  ..... 

0-1240 

Dextrose,  .... 

0-3258 

Lactose,  ..... 

0-3126 

Lfflvulose,  .... 

0-1805 

Invert-sugar,  .... 

0-8094 

Before  the  estimation  of  lactose  can  be  made  in  milk  by  means  of  the 
polarimeter  or  saccharometer,  certain  proteids  which  are  always  present  in 
milk,  and  -nihich  possess  a  left-handed  rotation,  must  be  removed  as  well  as 
the  fat.    The  most  reliable  method  for  ensuring  this  appears  to  be  that 
i  recommended  by  Wiley,  which  is  as  follows: — 

The  sp.  gr.  of  the  milk  is  first  determined;  if  this  should  be  1026 
1  (water  =1000)  or  thereabouts,  60-5  c.c.  of  the  milk  are  transferred  to  a 
100  c.c.  flask  and  1  c.c.  of  mercuric  nitrate  solution,  or  30  c.c.  of  mercuric 
1  iodide  solution  (preferably  the  latter),  added.  The  liquid  in  the  flask  is 
1  then  made  up  to  102-4  c.c.  with  distilled  water,  well  shaken  up,  filtered 
I  bright,  and  polarised  in  the  200  mm.  tube  of  the  saccharometer. 

The  volume  is  made  up  to  102-4  c.c.  because  the  precipitated  albumin 
occupies  a  volume  of  about  2-4  c.c,  so  that  the  solution  is  really  diluted  to 
% ^P-  1030,  60  C.C.  are  taken  instead 

ot  60-5  C.C.,  and  if  the  sp.  gr.  be  1034,  59-5  c.c.  are  taken. 

The  room  and  milk  should  be  at  one  constant  temperature,  and  the 
polarisation  taken  at  the  same,  about  15°  C.  being  the  best  suited  for  the 
purpose  although  a  few  degrees  above  or  below  will  not  appreciably  affect 
the  results. 

In  the  absence  of  mercuric  nitrate  or  iodide  solution,  the  proteids  may  be 
precipitated  from  the  milk  by  means  of  acetic  acid  and  heat  as  subsequently 
explained  in  the  copper  process  for  the  estimation  of  lactose.  Acetic  acid 
IS  less  preferable,  as  it  often  fails  to  remove  all  the  albumins.  The  mercuric 
solutions  are  prepared  as  follows :— Mercuric  nitrate  by  dissolving  mercury 
i  J-ifloub  e  Its  weight  of  nitric  acid  (sp.  gr.  1-42),  then  adding  to  the  solution 
an  equal  volume  of  water.  One  c.c.  of  this  reagent  is  sufficient  to  precipitate 
the  proteids  in  50  to  60  c.c.  of  milk.  The  mercuric  iodide  solution  is  made 
jy  taking  potassium  iodide  33-2  grammes,  mercuric  cliloride  13-5  grammes 
acetic  acid  (sp.  gr  J  -04)  20  c.c,  and  water  640  cc.  Of  this  solution  30  c.c 
'ire  required  for  50  to  60  c.c.  of  milk. 

ubJ^!  P^.<^sence  of  mercury  in  the  filtrate  (whey)  when  these  reagents  arc 

lof  noll'-r'^f  ''''  ^^'^  ^^^'""^^  '^^^  ^sed  for  the  single  purpose 

'  01  polarmietrical  observations.  ^ 

8oluh-nn^^''\™'''®i'^^'^  °°PP^^  solutiou,  wc  require  u  standard 

■dSv?nl  •  onn'^°^^>^'^"^  ^^'^^  grammes  of  pure  copper  sulphate  and 
I  orsoS     f  °  f     °^  "^''^'^^^'^  Take  also  173  gmmmes  of  tartrate 

I  or  Dofnl   ^"?.P",i^«sium  and  dissolve  in  480  c.c.  of  solution  of  caustic  soda 
pwwsn.    Mix  the  two  solutions  slowly,  and  dilute  with  distilled  water  to 

Y 
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one  litre.    One  c.c.  of  this  solution  is  reduced  by  5  milligrammes  of  either 
glucose  or  invert-sugar,  and  by  6-67  milligrammes  of  lactose. 

To  estimate  the  milk-sugar  by  means  of  this  solution,  place  10  c.c.  of 
milk  in  a  test-tube,  add  a  few  drops  of  acetic  acid,  and  warm— this  coagu- 
lates the  casein  with  the  fat;  pour  into  a  Nessler  glass,  wash  out  aU  the  curd 
from  the  test-tube  with  distilled  water;  then  make  up  to  100  c.c.  with  dis- 
tilled water,  break  up  the  curd  thoroughly  with  a  glass  rod,  filter  through 
four  filter  papers,  and  put  the  filtered  whey  (which  ought  to  be  as  clear  as 
possible)  into  a  burette.    Take  10  c.c.  of  standard  copper  solution,  put  it  m 
a  porcelain  dish,  and  add  50  to  80  c.c.  of  distilled  water ;  boil ;  as  soon  as  it 
is  in  brisk  ebullition  drop  in  the  whey  from  the  burette ;  take  care  that  the 
liquid  is  boiling  all  the  time  ;  continue  the  process  untU  the  copper  is  aU 
reduced  to  red  suboxide  and  no  blue  colour  remains  m  the  supernatant 
liquid ;  but  stop  before  any  yellow  colour  appears.    Read  off  the  amount  ot 
whey  used,  and  divide  by  10  ;  the  result  is  the  amount  of  milk  which 
exactly  decomposes  10  c.c.  of  the  copper  solution.  The  10  c.c.  of  the  copper 
solution  are  equal  to  0-0667  gramme  of  lactose.    The  amount  of  lactose  m 
the  10  c.c.  of  milk  is  then  known  by  a  simple  rule  of  three ;  and  the  amount 
in  100  c.c.  of  milk  is  at  once  obtained  by  shifting  the  decimal  point  one 
figure  to  the  right. 

Example.-\Z  c.c.  of  diluted  whey  were  required  to  reduce  the  10  c.c.  of  copper 

solutiou  ;  ^  ^  1  -5.  the  amount  of  original  milk  which  had  a  sp.  gr.  of  1030  ;  0  -0667  ^  1  -5 

^°                                                    ,     ,      ,      0-0445x  100  . 
=  0-0445  gramme  of  lactose  in  1-030  gramme  of  milk;  theretore  ^-tto^        *  -^-^  i 


1-030 


cent. 


Microscopic  and  Bacteriological  Examination  of  Milk.— It  is  always 
advisable  to  examine  a  milk  sample  microscopically.  The  only  strictly 
normal  constituents  of  milk  are  the  round  oil  globules  of  various  sizes  m  an 
envelope  and  a  little  epithelium.  The  abnormal  constituents  are  epithe  ijmi 
in  large  amount,  pus,  conglomerate  masses,  and  casts  of  the  lacteal  tubules. 
The  added  ingredients  may  be  starch  grains,  portions  of  seeds,  and  chalk 
(round  and  often  highly  refracting  bodies,  with  often  a  marked  double  out- 
line, and  at  once  disappearing  in  acid).  Colostrum  occurring  for  tlnee  to 
eight  days  after  the  birth  of  the  calf,  is  composed  of  agglomerations  of  tat 
ve°sicles  united  by  a  granular  matter.  .  .  ,  ■ 

Milk  from  a  healthy  cow  is  secreted  free  from  microbes ;  but  m  cro- 
orcranisms  always  find  their  way  into  the  milk  from  the  surface  of  the  udder, 
r^ thThandT^^  the  mHker,  Lm  particles  of  d-g  ^rom^^^.  ^^^^^^^^^^^^ 
from  the  air  of  the  cow  sheds.  The  average  number  of  micro-organisms 
ound  in  simp  es  of  milk  by  us  is  not  less  than  400,000  per  cubic  centi- 
metre OthS  observers  have  given  the  number  found  in  other  nnlk  supplies 
rfn  even  higher  figure,  but  it  must  be  remembered  ^^^1}^^-^.^^^^^ 
examination  the  sources  of  error  are  very  numerous.  ..O^^^^S P^^^^^^^ 
composition  milk  always  constitutes  a  favourable  medium  for  various  forms 
TmS  bes',  which  multiply  rapidly  in  it  if  the  milk  is  not  a  -ce  exposed 
to  very  low  temperatures.     Repeated  examinations  have  s^^o^^'^l.^^hat  tlie 

siS  of  milk  in  the  excretory  ducts  of        -^der  are  requ^^^^^^^^^^^ 
bacterial  life,  and  that  it  is  the  earher  portions  of  milk  f  f^^^ 

milkin- which  are  the  most  common  source  of  infection  foi  ^^^s  leason, 
Si^^y  Sould  as  a  rule  be  rejected.    It  has  been  -gf  f  ^J^^ 
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a  large  extent  ejected,  only  a  few  organisms  being  found  in  the  cream  and 
separated  milk.  The  method  of  examination  of  milk  is  that  customary  for 
otlier  liquids.  Cover-glass  preparations  are  readily  prepared  by  placino'  the 
smeared  and  dried  cover-glasses  in  a  small  capsule  containing  5  c.c.  of 
chloroform  and  1  c.c.  of  a  saturated  alcoholic  solution  of  methylene  blue 
After  five  minutes,  the  chloroform  is  evaporated,  the  glasses  rinsed  in  water 
and  examined  in  the  usual  manner. 

Examination  of  the  milk  by  cultivation  is  more  important ;  on  account  of 
the  great  number  of  micro-organisms  usually  present,  free  dilution  is 
necessary  ;  of  culture  media,  agar  is  perhaps  the  best  for  milk.  The  species 
commonly  found  in  mdk  are :  B.  acidi  lactici,  B.  butyriciis,  B.  fluorescens 
hquefaciens,  B.  mesentericus  vulgatus,  B.  suUilis,  B.  eoK  communis,  and 
various  indeterminate  cocci.  Blue  milk  contains  B.  cyanogenus;  red  milk 
the  B.  jjTodigiosus  or  Sardna  rosea;  yeUow  milk  the  B.  synxanthus  of 
J<lugge;  whde  the  ropy  and  slimy  milks  contain  special  forms,  the  identity 
.  of  which  IS  as  yet  uncertain.  In  some  bitter  tasting  milks,  the  Proteus 
vulgaris  has  been  noted,  associated  with  a  coccus  and  a  short  thick  bacillu'' 
whose  species  is_  unknown.  The  presence  of  the  Oidium  lactis,  the  Monilia 
Candida  ov  Oidium  albicans,  and  various  other  forms  of  fungi,  may  be  also 
readily  detected  m  many  samples  of  milk  by  plate  cultures  set  from  them 
m  the  usual  mamier.  All  these  micro-organisms  find  their  way  into  milk 
c  only  during  or  after  milking.  Under  certain  circumstances,  pathogenic 
I  nucrobes  may  be  present  and  even  increase  in  milk. 

Milk  drawn  from  diseased  cows  may  contain  various  pathogenic  forms 
eespeciaUy  the  baciUi  of  tuberculosis,  or  cocci  which  produce  suppuration! 
1  The  detection  of  the  tubercle  bacillus  in  milk  by  direct  culture  therefrom 
.:is  difficult;  It  IS  much  more  reliable  to  inject  from  10  to  15  c  c  of  the 
J.  suspected  milk,  as  fresh  as  possible,  into  the  peritoneal  cavity  of  a'guinea- 
EEl  four^  weeks,  the  animal  should  be  kiUed,  when,  if  the  bacifii  have 

htuheVubsis  '  characteristic  appearance  of  peritoneal 

T^^^/^'^ts  regarding  the  general  bacterial  impurity  of  milk  samples 
off       f  ^^^'^^"^^     connection  with  both  the  miS  o 

iomulld  t  f  '  ^^^^  ^"-'^^t--  l-ve  been 

aormulated  by  a  special  commissioner  of  the  British  Medical  Association 

t?r'7  T       "^'^  They  are  tfficiX  to  tl- 

.point  to  merit  adoption,  not  only  in  the  metropolis  but  elsewhere. 

1.     lhat  all  milking  be  carried  on  in  the  open  air  the  animals  md 

ZTzt^if  ^  r^"^^  ^^^^^^  -p^^i«  «f ' tC:.;si^tz^, 

r  n.v  .      °'     T''^^""  T  Such  a  floor  could  be  easily  laid  down 

'Lovl  t^r.  ''^''^  ^''^^  Tlie  site  chose/ should  be 

-       -  «        ^^-^^  P-ided 

Tie^on']7inn  ir^'  expended  on  the  personal  cleanliness  of  the  cows. 

ZSfhJu    T\   '  F^'^T  ^'''^  q^a^te^«>  flanks,  and  side 

^^it    l^^^^  ^"--^  one'that  should  be  common 

oette?l;nalT  "^'^'^^^  *°  ^^^'^^       "lis  change ;  indeed,  in  the 

■■^onger  p^evafl    but  T.!.  ^^^^P^^^^^^'  «^ch  a  condition  no 

3  "  T^n/f'l.  V?  V  I  T^''"''  but  too  frequently  met  with." 
'^on  of  ^ilk  n.  I            the  milker  be  thoroughly  washed  bef  ore  the  opera- 
'^ot  again  emTlvpr"'"l!'"'if'  ^^^'^  ^^^"S  th^y  be 
^'Peralon  of  m  lkw'\  '"'"'°?              "^^^^^^^^^  ^^^^^      the  necessary 
washt^i '  fr^f        {"7                      «b°"ld  b«  succeeded  by  another 

4  "  TV.  r  n  ^'^^'^'^  '^Sam  commencing  to  milk." 
•     mat  all  milk  vendors'  shops  should  be  kept  far  cleaner  than  is  often 
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the  case  at  present.  That  all  milk  retailing  shops  should  be  compelled  to 
provide  proper  storage  accommodation,  and  that  the  counters,  &c.,  should 

^Forination  of  an  Opinion  as  to  Adulteration  of  Milk.— It  has  already 
been  indicated  that  the  favourite  sophistications  of  milk  consist,  on  the  one 
hand  of  the  more  or  less  complete  removal  of  the  cream,  and  on  the  other, 
of  the  addition  of  water.    If  milk  is  deprived  of  a  large  part  of  its  lightest 
constituent,  the  fat,  it  becomes  speciacally  heavier,  and  a  simp  e  determina- 
tion of  its  speciHc  gravity  reveals  the  fraud.    But  if  to  a  mUk  which  in  spite 
of  its  fat  is  stiU  heavier  than  water  on  account  of  its  dissolved  solids,  water 
be  added,  its  specific  gravity  will  fall  below  the  normal  limits  and  thus 
betray  the  adulteration.    It  is,  however,  evident  that  simuhaneous  skim- 
ming and  watering,  if  carried  out  under  the  guidance  of  the  lactometer,  may 
produce  a  spurious  milk  of  the  same  specific  gravity  as  the  new  or  original 

Experienced  millc  sophisticators,  however,  have  other  methods  more 
difficult  to  detect  than  this  crude  one  of  mere  dilution.  The  introduction 
of  cream  separators  has  given  them  the  opportunity  of  removing  very 
cheaply  and  quickly  almost  the  whole  of  the  fat  from  milk,  dividing 
the  milk,  in  fact,  into  a  cream  much  better  than  what  is  produced^by 
ordinary  skimming,  and  a  skim  milk,  beside  which  ordinary    skim  is 

rich  indexed.  has  thus  the  power  of  either  separating  his  milk  in  a 

moderate  degree,  just  taking  from  it  what,  from  his  point  of  view,  is  the 
'excess'  of  cream ;  in  other  words,  reducing  its  cream  to  the  lowest 
saleable  standard  without  exposing  himself  to  any  such  risks  of  dete^Uo- ^ 
would  attend  the  process  of  '  watering '  a  process  ^"^^^^ 
fatty  solids  might  be  so  reduced  as  to  lead  to  detection  of  the  fraud  ,  or  he 
r/take  off  aU  the  cream,  using  the  'skim'  to  ^^t^^^^^^ 
fresh  milk;  or  he  may  sell  the  'skim,'  and  leaving  it  to  the  retailer  to 
produce,  b^  judicious  mixture  of  his  two  churns,  any  quahty  of  mi^k 
which  the  character  of  his  district  or  the  carelessness  and  ind^^^e^';^  «f  ^ 
Tustomers  may  appear  to  require ;  or,  finally,  he  -se  the  skim  milk  for 
making  cheese,  substituting  a  sufficiency  of  some  other  form  of  fat  for  the 
cream  he  has  abstracted."  „„j  -u-,,  tlm 

If  carried  out  judiciously,  and  kept  withm  the  hmits  i^P<^^f 
standard  which  the  magistrates  will  accept,  it  is  next  to  impos  ible  to  prove 
this  form  of  sophistication,  except  one  discover  the  source  of  thejnilk  f  d 
have  an  opportunity  of  milking  the  cows  from  which  the  suspected  mdk  is 
stTted  to  have  been  drawn.  Given  these  circumstances,  it  is  possible  to  be 
iTmrallv  certain  that  a  fraud  has  been  committed.  -n  fV,n 

SLSn'  of  this  difficulty  of  detecting  watered  and  Bkimmed  milk  h 
T^Pnort  of  the  Local  Government  Board  for  1892-93  says :  '  No  doubt  he 

fact  that,  in  the  present  state  of  science,  ^^^^^f  /^^^^^^  J^^f  ^^^^^^^^^ 

ieceivcd  an  addition  of  water.    He  appeciates  ^^^^J'^^^^^^^^^  ff  fci^ose 

intended  to  prevent  the  sale  not  of  articles  of  P^^^'  ^^^^n^d  Lt  be  in 
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which  create  tlie  main  difficulty."  The  case  for  the  owners  of  poor  pastures 
and  the  breeders  of  weedy  cows  could  not  be  better  put.  On  the  other 
hand,  writing  on  the  same  suljject,  Hehner  observes  as  follows  :  "  Owing  to 
the  natural  variation  in  the  composition  of  milk,  the  public  analyst  is  bound 
to  pass  as  genuine  all  milks  which  are  at  least  equal  in  composition  to  the 
poorest  genuine  milk  yet  found,  although  in  the  great  majority  of  cases  thus 
passed,  he  has  to  do  with  milk  artificially  and  not  naturally  weak,"  showing 
how  this  interpretation  of  the  statute  tends  to  degrade  the  average  supply 
to  the  level  of  the  lowest  known  milk. 

Watering  involves  the  risk  that  organisms  pathogenic  to  man  may  pass 
into  the  milk  with  the  water  and  even  multiply  there.  In  comparison 
with  watering  and  skimming  all  other  methods  of  sophistication  are  rare  in 
the  present  day,  though,  formerly,  the  addition  of  chalk,  milk  of  lime, 
gum,  starch,  and  sugar  were  not  infrequent.  As  regards  the  removal  of 
cream,  an  important  distinction  must  be  made  between  removal  by  a 
centrifugal  separator  and  removal  by  skimming.  The  former  method, 
beyond  reducing  the  nutritive  value  of  the  milk,  adds  no  further  dis- 
advantage, as  the  creaming  is  effected  rapidly,  and  the  milk  remains  fresh. 
The  other  method,  or  skimming,  is  slow,  and  not  only  deprives  the  milk  of 
its  cream,  but  also  involves  the  changing  of  the  liquid  from  the  category  of 
a  fresh  to  that  of  a  more  or  less  sour  milk. 

Watering  alone  is  detected  by  a  lower  specific  gravity  and  a  diminished 
quantity  of  cream.  Oreaming  alone  is  detected  by  a  heightened  specific 
gravity  and  a  diminished  quantity  of  cream.  When  both  are  resorted  to, 
the  cream  will  be  small  in  amount,  but  the  specific  gravity  may  be  normal. 
When  a  quantitative  analysis  can  be  made,  watering  alone  is  indicated  by  a 
general  lowering  of  the  constituents,  which,  however,  preserve  their  normal 
proportions  to  each  other.  Creaming  alone  is  indicated  by  a  lessened 
amount  of  fat,  but  a  normal  amount  of  everything  else,  except  total  solids. 
Oreaming  and  watering  may  be  known  by  a  general  lowering  of  all  con- 
stituents, but  the  deficiency  in  fat  wiU  be  most  marked. 

The  decision  as  to  the  addition  of  water  and  the  removal  of  cream  from 
milk  is  notoriously  difficult,  chiefly  owing  to  the  want  of  knowledge  as  to 
what  was  the  original  composition  of  the  milk  from  which  the  sample  was 
taken  To  meet  this  difficulty,  and  to  prevent  adulteration,  many  eff'orts 
^ave  been  made  to  establish  a  minimum  for  the  composition  of  normal  milk 
btandards  proposed  some  years  back,  requiring  a  high  proportion  of  non- 
latty  sohds,  were  based  upon  analyses  by  methods  which  failed  to  com- 
pletely extract  aU  the  fat.  Since  improved  methods  of  analysis  have  been 
T  il t'  ^V^""^  generally  accepted  that  the  minimum  standards  for  milk 
snould  be:— Fat  2-75  per  cent.,  solids  not  fat  8-5  per  cent.,  and  ash  0-7  per  cent. 

Assuming  that  the  ash  of  a  normal  milk  is  never  less  than  0-7  per  cent 
tne  amount  of  added  water  can  be  calculated  as  follows  :— 

^       Example.— a  be  the  observed  percentage  of  ash  in  a  given  sample  of  milk,  and  A 
be  the  normal  amount;  then  100-l^  =  per  cent,  of  ^vater  added.    If  a^Q%  and 

•  ^  =  0-7,  then  100  -  '^^^^;^:1  =  2&-G  per  cent,  of  water  added  to  the  sample. 

standlV^f""  1^^*^'^  "'^^^'^^         fat"  may  be  used  as  a 

standard,  taking  them  to  be  not  less  than  8-5  per  cent. 

'  thete^nT/?."?.'  =^  "''"^             ''^^  12-1  per  cent,  and 

^  '                ^^'^  «°l'ds  not  fat  arc  8  per  cent.  Tlien 

8-5            per  cent,  of  tlie  sami)le  is  pure  milk,  or  there  lias  been  nearly  6  per  cent. 

*  ot  water  added. 
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Lescceur  has  suggested  a  means  of  detecting  a  watered  milk  and  one  from 
which  cream  has  been  abstracted  by  an  examination  of  the  milk  serum. 
Coagulation  of  the  milk  is  readily  brought  about  by  adding  a  trace  of 
rennet,  and  the  serum  then  separated  by  filtration. 

The  density  of  milk  serum  thus  obtained  varies  from  1'029  to  1'031  at 
15°  C.  In  some  samples  it  has  been  found  as  low  as  1  027,  and  this  may 
be  taken  as  the  minimum  limit. 

The  extract  of  this  milk  serum  should  be  determined  also.  The  amount 
varies  from  6 '7  to  7-2  per  cent.,  the  mean  being  7  per  cent,  and  the  mini- 
mum 6"7  per  cent. 

Every  milk  sample,  therefore,  which  yields  a  serum  having  a  density 
lower  than  1-027,  and  the  extract  of  which  does  not  amount  to  6-7  percent., 
may  be  looked  upon  with  suspicion,  and  regarded  as  having  been  watered. 

The  following  figures  show  the  effect  of  added  water  on  the  serum  of  a 
pure  milk  : — 

Density        Dry  extract 
at  15°  C.  per  cent. 

Pure  milk,   1-0300  7-0 

+  10  per  cent,  of  water,  .  .          1-0275  6-4 

+  20  .  .  1'0251  5-9 

+  30  .  •  1  0230  5  5 

In  milk  which  has  curdled  naturally,  the  serum,  in  spite  of  its  different 
composition,  gives  almost  the  same  results  as  does  the  neutral  serum  pre- 
pared by  rennet.  Hence  no  modification  of  this  method  is  necessary  for 
curdled  milk. 

Starch,  dextrin,  or  gum  is  at  times  added  to  milk  to  conceal  the  thinness 
and  bluish  colour  produced  by  added  water.  Add  iodine  at  once  for  starch; 
boil  with  a  drop  of  acetic  acid,  and  add  iodine  for  dextrin,  or  add  lead 
acetate  and  then  ammonia,  when  a  white  precipitate  falls. 

Cane-sugar. — This  carbo-hydrate  is  not  a  common  addition  to  milk,  being 
only  usually  met  with  in  samples  of  preserved  and  concentrated  milks. 
The  diagnosis  of  a  milk  adulterated  with  cane-sugar  depends  upon :  (1)  Any 
considerable  want  of  agreement  between  the  results  from  the  copper  process 
and  the  polarimeter.  (2)  Any  considerable  rise  in  the  amount  of  copper 
reduced,  or  any  increase  of  rotating  power  after  inversion  of  the  sugar  m 
the  whey,  by  means  of  citric  acid  and  heat,  or  by  invertase,  which  reagents 
only  affect  the  cane-sugar  and  not  the  lactose.  (3)  The  separation  and 
preparation  of  the  osazone  from  the  whey  by  means  of  sodic  acetate  and 
phenyl-hydrazin  hydrochlorate.  Lactosazone  is  alone  obtained  by  treat- 
ment with  phenyl-hydrazin ;  cane-sugar  giving  no  osazone  until  inverted,  it 
then  crives  an  osazone  not  to  be  distinguished  from  glucosazone.  Lactosa- 
zone is  freely  soluble  in  hot  alcohol,  and  none  separates  on  cooling,  unless 
the  solution  be  highly  concentrated.  On  the  other  hand,  glucosazone 
requires  repeated  boiling  in  considerable  quantities  of  absolute  alcohol 
before  it  dissolves.  Lactosazone  is  warty  or  starch-like  m  appearance, 
whereas  glucosazone  is  always  in  the  form  of  needle  crystals. 

Gh/cerine  has  been  sometimes  met  with.  The  milk  will  be_  sweeter  than 
usual,  and  there  wiU  be  a  diflaculty  if  not  impossibility  in  drying  the  solids 

C/ta//r\Tneutralise  acid,  and  to  give  thickness  and  colour.  Let  it 
stand  for  deposit;  collect  and  wash  deposit,  then  add  acetic  acid  and  water; 
after  effervescence,  filter,  and  test  with  oxalate  of  ammoinum. 

Sodium  Carbonate.— Vevj  difficult  of  detection  unless  the  milk  be  alU- 
line.  Determine  the  ash,  and  see  if  it  effervesces ;  if  so  either  some 
carbonate  has  been  added,  or,  if  the  sodium  have  united  with  lactic  acid, 
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this  will  be  converted  into  carbonate ;  enough  lactic  acid  to  give  an  efFer- 
vesciug  ash  does  not  exist  normally  in  good  milk. 

Salt  has  been  found  added  to  milk  in  a  case  at  Glasgow,  to  the  extent 
of  0-14  to  0-21  per  cent.,  equal  to  98  and  147  grains  per  gallon.  This  will 
be  detected  by  the  excess  of  ash  which  may  be  dissolved  and  the  chlorine 
determined  in  the  usual  way. 

Milk  is  often  boiled  to  preserve  it :  it  may  then  take  up  from  the  vessel 
lead,  copper,  or  zinc,  if  these  metals  are  used. 

Cream  is  adulterated  or  made  up  with  magnesium  carbonate,  tragacanth, 
and  arrowroot.  The  microscope  detects  the  latter,  and  particles  of  magne- 
sium carbonate  (round)  can  also  be  seen,  and  found  to  disappear  with  a  drop 
of  acid.    It  is  also  said  that  yolk  of  egg  is  added  both  to  cream  and  milk. 

Boradc  acid  may  be  detected  as  follows : — The  milk  should  be  first  well 
shaken  up,  as  calcium  borate  is  liable  to  settle;  10  c.c.  are  then  taken  and 
evaporated  to  dryness  and  the  residue  ignited.  Sufficient  dilute  hydrochloric 
acid  is  added  to  the  ash  to  render  the  whole  slightly  acid  to  litmus.  A  slip 
of  turmeric  paper  is  then  placed  in  the  dish,  so  as  to  be  partly  wetted  by  the 
fluid,  which  is  now  evaporated  to  dryness.  If  boracic  acid  be  present,  the 
part  of  the  turmeric  paper  which  was  immersed  in  the  fluid  will  be  found  to 
have  a  brownish-red  colour,  which  on  the  addition  of  a  little  sodium  car- 
bonate changes  to  a  deep  blue  tint. 

Salicylic  acid  may  be  detected  by  adding  to  50  c.c.  of  the  milk  1  c.c.  of 
acid  mercuric  nitrate.  The  liquid  is  then  filtered  and  the  filtrate  shaken  up 
with  a  mixture  of  equal  parts  of  ether  and  petroleum  ether.  The  ethereal 
solution  is  evaporated,  and  to  the  residue  a  few  drops  of  a  neutral  solution 
of  ferric  chloride  are  added.  If  salicylic  acid  be  present,  a  characteristic 
violet  colour  is  obtained. 

The  constant  addition  to  milk  in  the  present  day  ol  formalin,  which  is 
a  40  per  cent,  solution  of  formaldehyde,  as  a  preservative  agent  demands  a 
short  reference.  The  formalin  used  in  the  trade  for  preserving  milk  is  a 
solution  of  5  ounces  of  pure  formalin  to  one  gallon  of  water,  corresponding 
to  2  ounces  of  formaldehyde  in  160  ounces,  or  1  in  80.  This  is  used  in 
the  proportion  of  half  a  pint  to  the  chum  of  17  gallons,  and  does  not 
impart  any  taste  or  smell  to  the  milk  even  after  boiling.  With  the 
addition  of  formahn  in  this  strength,  the  milk  keeps  fresh  for  at  least  three 
days,  and  corresponds  to  one  part  of  formaldehyde  in  21,760  parts  of  milk, 
or  1  cubic  centimetre  of  formalin  in  8,704  cubic  centimetres  of  milk.' 
One  gallon  of  the  diluted  formalin  as  used  by  the  milk  vendors  does  the 
same  work  as  10  pounds  of  the  preservative  powder,  also  used  by  them, 
containing  75  per  cent,  of  boric  acid  and  25  per  cent,  of  borax. 
_  _  Though  there  is  no  evidence  to  show  that  formalin  is  in  any  wav 
injurious  to  health,  it  is  important  to  bear  in  mind  that  the  addition  of 
formalin  to  milk  frequently  causes  an  increase  in  the  amount  of  total  solids 
as  subsequently  determined  on  analysis.  This  eff'ect  appears  to  be  due 
partly  to  polymerisation  of  the  aldehyde,  and  conversion  into  a  non-volatile 
body,  and  partly  to  a  conversion  of  the  lactose  into  galactose. 

The  detection  of  formalin  in  milk  is  conveniently  made  in  the  following 
^"^T^t'^r^  ^^^"^^^  ^'^^^  ^^^^  an  equal  bulk  of  water,  and  add  sulphuric 
acicl  of  90  to  94  per  cent,  strength.  Under  these  conditions  at  the  junction 
01  the  two  liquids  a  violet  ring  is  formed  when  formaldehyde  is  present.  It 
18  stated  that  one  part  of  formaldehyde  in  200,000  parts  of  milk  can  be 
easily  detected  by  this  test.  In  the  absence  of  formaldehyde  a  slight 
greenish  tinge  appears  at  the  junction  of  the  sulphuric  acid  and  milk,  and 
alter  some  hours  a  brownish-red  colour  may  form  a  little  lower  down. 

-I  !/rotoxicon.—YoT  the  detection  of  this  poisonous  body,  the  following 
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procedure  is  suggested.  Add  to  the  milk  sodium  carbonate  to  decided  alka- 
linity ;  shake  up  with  an  equal  bulk  of  ether ;  separate  the  ethereal  layer 
and  allow  it  to  evaporate ;  dissolve  in  water ;  filter,  and  evaporate  the 
filtrate.  A  mixture  of  equal  bulks  of  pure  phenol  and  sulphuric  acid 
strikes  an  orange-red  or  purple  colour  with  very  small  traces  of  tyrotoxicon. 


BUTTER. 


As  an  article  of  diet,  butter  supplies  to  most  people  the  largest  amount 
of  fat  which  they  take.  Many  persons  take  from  1^  to  2  ounces  daily,  if 
the  butter  used  in  cooking  be  included,  and  the  average  amount  for  persons 
in  easy  circumstances  is  1  ounce  daily.  Butter  appears  to  be  easily  digested 
by  most  persons,  except  when  it  is  becoming  rancid.  It  then  causes 
dyspepsia  and  diarrhoea,  but  as  a  rule  it  may  be  said  that  decomposing  fats 
of  all  kinds  disagree. 

Many  observers  have  stated  that  butter  made  from  tuberculous  milk  is 
also  infective.  Brusaferro  found  virulent  tubercle  bacilli  in  one  sample  out 
of  nine  and  Groning  in  eight  out  of  seventeen  samples.  Rabinowitsch's 
experiments  have  thrown  considerable  doubt  on  these  results.  In  twenty- 
three  samples  of  butter  bacilli  were  found  which  produced  lesions  exactly 
resembling  those  of  tuberculosis.  These  pseudo-tubercle  bacilli,  however, 
could  easily  be  distinguished  from  Koch's  bacilli  by  both  staining  and  cul- 
tural reactions.  Eighty  samples  of  butter  were  examined,  but  in  no  single 
case  could  true  tubercle  bacilli  be  found. 

Composition.— Butter  is  really  the  fat  of  milk  clotted  together,  and 
consists  chiefly  of  neutral  fats  mixed  with  water  and  small  amounts  of 
casein  and  salts.  Average  butter  may  be  said  to  have  the  following 
composition  per  cent. :  Eat,  78  to  94 ;  curd,  1  to  3 ;  water,  8  to  12 ;  salt, 
0  to  7.  The  flavour  of  a  good  butter  is  due  to  butyric  and  caproic  acids, 
which  constitute  about  8  per  cent,  of  the  fat,  the  rest  being  composed  of 
glycerides  of  oleic,  stearic,  and  palmitic  acids. 

Water.  The  average  amount  of  water  varies  from  8  to  12  per  cent.,  but 

may  be  higher,  even  in  genuine  butter,  although  this  is  not  usual.  HassaU 
has  found  as  much  as  151  per  cent,  in  fresh,  and  281  per  cent,  in  salt 
butter  Bell  records  as  much  as  20-7.5  per  cent,  of  water  m  a  genume 
sample;  there  was,  however,  3-82  of  salt  present.  The  retail  dealer,  by 
beatino-  up  the  butter  in  water,  endeavours  to  increase  the  amount.  This  can 
be  detected  by  evaporation  in  a  water  bath  ;  if  the  quantity  of  water  be  very 
large  melting  the  butter  wiU  show  a  little  water  below  the  oil.  An  unusually 
small  amount  of  water  is  suspicious,  as  suggestive  of  the  presence  of  foreign 
fat.    A  good  butter  should  not  contain  more  than  12  per  cent,  of  water. 

Curd  or  Casein.— AU  butter  contains  some  casein,  as  some  milk  is  taken 
up  with  the  cream.  The  best  butter  contains  least.  The  amount  can  be 
told  roughly  by  melting  the  butter  in  a  test-tube.  The  casein  coUectnig  m 
the  bottom  does  not  exceed  one-third  of  the  height  of  the  contents  of  the 
tube  in  the  best  butter,  or  between  one-third  and  one-half  m  fair  butter. 
In  bad  butter  it  may  reach  to  more  than  this.  A  better  plan  is  dissolving 
the  fat  by  ether,  washing  and  then  weighing  the  remainder ;  the  casein  then 
weighs  from  0-5  to  3  grains  in  every  100  of  very  good  butter.  In  baa 
butter  it  is  much  more  than  this.  .     i    ^  i.       i  orl 

The  rancidity  of  butter  is  owing  chiefly  to  changes  m  the  fat,  proclucea 
apparently  by  alterations  in  the  casein,  and  therefore  the  greater  amount  oi 
casein  the  more  the  chance  of  rancidity. 


ADULTERATIONS  OF  BUTTER. 


345 


Fat. — The  fat  amounts  to  from  84  to  90  per  cent,  of  the  butter.  Butter 
oil  consists  of  volatile  fatty  acids  (butyric,  caproic,  caprylic,  and  capric)  and  of 
non-volatile  acids  (stearic,  palmitic,  and  oleic),  all  combined  with  glycerine. 
In  examining  it,  the  butter  should  be  melted  in  a  beaker-glass  placed  in  hot 
water,  and  the  fat  then  poured  from  off  the  casein,  and  allowed  to  cool.  It 
then  forms  a  solid  and  usually  yellow  mass,  with  the  characteristic  smell  of 
butter.  If  transferred,  when  in  a  melted  state,  to  a  previously  weighed 
beaker  and  then  re-weighed,  its  percentage  amount  is  readily  calculated. 

Salt  is  added  to  all  butter.  It  preserves  it  by  checking  the  decom- 
position of  the  casein.  In  fresh  butter  it  should  not  be  more  than  0*5  to 
2  per  cent.  (2  to  8  grains  per  ounce) ;  in  salt  butter,  not  more  than  8  per 
cent.  (35  grains  per  ounce).  To  determine  the  salt,  wash  a  weighed  portion 
of  butter  thorouglily  with  cold  distilled  water,  and  determine  the  chloride  of 
sodium  with  standard  nitrate  of  silver.  An  excess  of  salt  is  accompanied 
generally  by  an  excess  of  water,  and  frequently  by  an  excess  of  curd. 

Adulterations. — Butter  is  frequently  adulterated  with  lard,  and  with 
beef,  mutton,  and  horse  fat,  or  with  vegetable  oils.  In  a  process  devised 
by  Mege-Mouries,  fresh  beef  suet  is  converted  into  a  kind  of  butter  (oleo- 
margarine). But  the  original  process  was  so  complicated  that  it  would  not  pay 
a  dishonest  tradesman  to  do  it,  and  it  could  only  be  practised  on  a  large  scale. 

A  similar  substance  from  New  York  was  brought  into  the  market  under 
the  name  of  Butterine.  Oleo-margarine  used  to  be  generally  defined  as  a 
preparation  of  animal  fats,  whereas  animal  fat  beaten  up  with  milk  was 
called  Butterine.  Large  quantities  are  manufactured  in  Holland  and  other 
countries  and  sent  over  to  this  country.  It  appears  to  be  a  wholesome  fat, 
and  as  long  as  it  is  sold  honestly  as  a  substitute  for  butter,  but  not  as 
genuine  butter,  its  introduction  constitutes  a  boon  to  many  on  account  of  its 
cheapness.  The  Sale  of  Foods  and  Drugs  Act,  1899,  defines  margarine  as  a 
food,  the  fat  of  wliich  shall  not  contain  more  than  10  per  cent,  of  butter  fat. 
In  the  United  States  it  is  termed  oleo-margarine. 

Butter  is  sometimes  adulterated  by  beating  up  with  water :  this  is  fre- 
quent in  the  tropics.  It  is  also  sometimes  mixed  with  milk.  Potato  or  other 
starches  are  sometimes  added.  This  is  a  rare  adulteration,  and  is  detected 
by  iodine,  either  at  once  or  after  melting.  Gypsum  and  sulphate  of  barium 
have  been  added,  it  is  said ;  this  must  be  very  rare,  and  can  be  detected  by 
melting  and  pouring  everything  off  the  insoluble  powder,  or  by  incinerating. 
Annatto  is  frequently  used  to  colour  butter ;  it  is,  however,  harmless. 
_  Examination  of  Butter.— As  practically  the  only  adulteration  of  butter 
IS  the  substitution  of  foreign  fats  such  as  tallow,  lard,  palm  oil,  rape-seed  oil, 
or  cocoa-nut  oil,  for  milk  fat,  the  examination  of  butter  turns  mainly  upon 
the  properties  and  composition  of  the  fat.  For  the  detection  of  an 
admixture  of  foreign  fats,  several  methods  have  been  proposed,  the  principal 
bemg:  (1)  me  Valenta  test. —This  test  depends  on  the  miscibility  of  butter- 
lat  and  strong  acetic  acid  at  a  low  temperature,  Avhereas  animal  and  vegetable 
tats  do  not  form  a  clear  mixture,  except  at  much  higher  temperatures.  The 
test  IS  performed  as  follows  :— 3  c.c.  of  melted  butter-fat  and  3  c.c.  of  acetic 
acid  (99  per  cent.)  are  placed  in  a  test-tube  and  a  thermometer  inserted ;  heat 
IS  now  applied,  and  if  the  butter-fat  is  pure  a  clear  solution  will  result  when 
!r,o*3,™P'^^^^^^'^^  i-eaches  about  9r-5  F.  But  no  animal  fat  clears  below 
-sui  i^.,  and  no  vegetable  oil  in  common  use  clears  below  176°  F.  This  test 
enables  a  decision  to  be  quickly  given  as  to  the  purity  of  the  sample ;  (2) 
taJcmg  the  specific  gravity  of  the  fat;  (3)  determining  the  melting  point  of 
jne  tat,  after  separation  from  tlie  other  constituents;  (4)  determination  of 
ine  hxed  fatty  acids ;  (5)  determination  of  the  volatile  fatty  acids. 

llie  specific  gravity  of  the  hutttr  fat  can  be  determined  by  melting  it  at 
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100°  F.,  and  then  weighing  in  a  specific  gravity  bottle.  That  of  water  being 
unity,  a  pure  butter  fat  has  usually  a  specific  gravity  of  0-911  to  0-913 ;  an 
adulterated  butter  one  of  0-902  to  0-904,  and  an  artificial  butter  one  as  low 
as  0-859  to  0'861. 

Determination  of  the  melting  point  of  butter  fat  after  separation  from  the 

casein.  Some  of  the  fat  should  be  put  into  a  wide  tube,  and  placed  in  an 

evaporating  dish  with  water ;  a  thermometer  should  be  in  the  water  and 
another  in  the  fat.  Eaise  the  temperature  of  the  water  very  gradually; 
remove  the  lamp  from  time  to  time,  so  that  the  temperature  of  the  fat  may 
rise  slowly.  Note  the  temperature  when  it  begins  to  melt;  when  it  is 
completely  melted ;  and  when  (after  removal  from  the  warm  water)  it 
begins  to  recongeal,  and  becomes  quite  soUd.  The  melting  points  are, 
however,  not  constant,  owing  to  the  variable  amounts  of  stearin  and  olein 
and  the'  volatile  fatty  acids,  but  still  they  run  within  tolerably  narrow 
limits.  Butter  fat  is  the  most  easily  melted,  and  requires  the  greatest 
amount  of  cooling  before  solidifying ;  usually  there  is  a  difference,  often 
12°  to  15°,  between  the  points  of  commencing  and  completed  melting. 
The  determination  of  the  melting  point  is,  however,  certainly  riiore  useful 
in  proving  that  the  butter  has  only  slight  admixture,  than  in  provmg  com- 
plete purity,  i.e.,  the  presence  of  a  small  quantity  of  lard  or  beef  dripping 
would  not  raise  the  melting  point  sufficiently  for  detection.  In  the  case  of 
beef  dripping,  also,  the  melting  point  is  rather  close  to  that  of  butter. 

Temperature  of  Melting  and  Solidifying  {Degrees  Fahr.). 


Melting. 

Solidification. 

Commencing. 

Completed. 

Commencing. 

Completed. 

Butter  fat,  .... 

Lard,  .       .       .       •  • 

Beef  dripping,  . 

Mutton  dripping, 

Palm  oil  ■ 

Degrees. 
65-68 
76-80 
68-85 
86-100 
81-92 

Degrees. 

80-90 
100-115 
100-120 
140-150 
110 

Degrees. 
70-80 
90-100 
90-100 

120-130 
88 

Degrees. 
60-82 
71-75 
7.2-76 
86-92 
69 

Determination  of  the  fixed  fatty  adds.— This,  though  rather  a  difficidb 
analysis  to  make,  is  most  generally  rehed  upon  for  giving  an  opinion  as  to  the 
gemiineness  of  butter.    It  is  based  on  the  fact  that,  when  saponified  with  a 
caustic  alkali  such  as  soda  or  potash,  and  then  decomposed  with  hydrochloric 
acid  the  individual  fatty  acids  wliich  go  to  make  up  butter  are  obtained 
A  certain  number  of  these  are  soluble  in  water  while  others  are  not,  and  it 
is  owin-  to  the  insoluble  fatty  acids  obtainable  from  butter  differing  m 
amount  from  those  obtainable  from  other  animal  fats  that  pure  Gutter  can 
be  detected  from  artificial.    The  figures  being,  tha   if  the  insoluble  fotty 
acids  are  over  89  per  cent,  there  is  an  admixture  of  foreign  fat.    In  a  good 
butter  the  volatile  fatty  acids  should  not  fall  below  5  per  cent    The  proco 
may  be  thus  carried  olit.    Melt  some  of  the  butter  ma  test-tube  or  smaU 
beaker  over  a  water  bath,  and  allow  the  water  and  solid  particles  to  subside 
as  much  as  possible ;  then  pour  the  melted  fat  upon  a  dry  filter,  care  being 
aken  to  keep  the  aqueous  solution  in  the  tube  or  beaker  so  as  not  to  con 
taminate  the  fat.    A  double  funnel,  one  with  a  warm  water  jacke  ,  is  very 
convenient  in  order  to  keep  the  fat  m  a  state  of  fusion,  ^^^^^^^^^^^ 
the  fat  through  into  a  beaker,  allow  to  cool  and  weigh.    Next  take  out 
w ith  a  dSs  rod  3  or  4  grammes  of  the  fat  and  put  it  into  a  arge  deep  and 
JerLtlfdry  porceb     evaporating  dish.    Now  re-weigh  the  beaker  and 
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the  fat  left  in  it ;  the  loss  in  weight  tvill  represent  the  amount  of  butter  fat 
about  to  be  operated  upon.  The  fat  which  was  placed  in  the  evaporating 
dish  is  now  melted  on  a  water  bath,  and  about  50  to  70  c.c.  of  pure  methy- 
lated spirit  or  absolute  alcohol  added,  A  clear  yellow  solution  is  formed. 
Now  add  from  1  to  2  grammes  of  caustic  soda  or  potash,  or  5  c.c.  of  a 
saturated  solution  of  these  alkalies  in  alcohol ;  agitate  by  means  of  the  glass 
rod,  heating  all  the  while,  but  taking  care  not  to  heat  to  boiling  point,  as 
loss  by  spurting  would  be  inevitable.  Saponification  proceeds  rapidly,  and 
is,  in  the  case  of  butter  fat,  evinced  by  the  strong  smell  of  butyric  ether, 
resembling  the  odour  of  pine-apples. 

After  2  or  3 .  minutes,  add  a  few  drops  of  distilled  water  :  if  turbidity, 
caused  by  undecomposed  fat,  ensues,  continue  the  heating  a  little  longer, 
the  turbidity  usually  dissolving  in  the  excess  of  alcohol.  Keep  on  adding 
small  quantities  of  water  from  time  to  time,  until  a  considerable  addition  of 
it  to  the  solution  of  soap  no  longer  causes  any  precipitate  of  fat.  Saponifica- 
tion is  complete  when  any  amount  of  dilution  does  not  affect  the  trans- 
parency of  the  liquid.  Should  it  happen  tliat  the  water  has  been  added 
too  quickly,  fat  separates  in  the  form  of  oily  droplets,  which  now  no  longer 
dissolve  in  the  too  dilute  alcohol.  In  this  case,  an  additional  quantity'^of 
alcohol  may  effect  the  solution,  but  it  is  preferable  to  begin  the  experiment 
afresh  with  a  new  quantity  of  butter  fat. 

The  alcoholic  solution  of  soap  is  continuously  heated  over  the  water  bath 
until  all  smell  of  alcohol  has  passed  off;  if  all  the  alcohol  is  not  removed 
some  of  the  fatty  acids  still  remain  in  solution.  When  this  has  been  done, 
the  dish  is  nearly  filled  with  water,  in  which  the  gelatinous  soap,  which 
has  separated  out  on  evaporating  the  liquid,  readily  dissolves.  Dilute 
hydrochloric  acid  is  now  added,  until  strong  acid  reaction  results,  to  liberate 
the  fatty  acids.  These  rise  quickly  to  the  surface  as  a  white  or  creamy 
scum,  with  the  evolution  of  a  strong  and  disagreeable  smell  of  butyric  acid 
The  separated  fatty  acids  are  heated  for  half  an  hour  on  the  water  bath,  until 
they  are  perfectly  fused  into  a  clear  oil,  and  the  acid  liquid  below  is  also 
clear.    Care  should  be  taken  that  the  water  does  not  evaporate  much 

Meanwhile,  dry  and  weigh  a  filter  of  about  five  inches  in  diameter. 
Moisten  the  filter  and  fill  the  jacket  with  boiling  water ;  then  transfer  every 
trace  of  oil  from  the  dish  and  glass  rod  to  the  filter.  Carefully  wash  out 
aU  the  fatty  acids  from  the  dish  to  the  filter  by  means  of  boiling  water  and 
contmue  washing  the  filter  well,  until  the  filtrate  gives  no  reaction 'with 
litmus  paper.  Usually  about  a  litre  of  water  is  required.  After  all  the 
water  has  run  through  the  filter,  the  funnel  in  which  it  has  been  is  emptied 
ot  Its  contained  hot  water,  and  the  whole  plunged  into  a  beaker  filled  with 
cold  water,  so  that  the  levels  of  the  fat  inside  and  the  water  outside  the 
tunnel  are  the  same.  When  the  fatty  acids  are  quite  solidified,  the  filter  is 
carefully  taken  out  of  the  funnel,  placed  in  a  small  weighed  bealver  and 
toed  for  two  hours  It  is  now  re-weighed,  and  the  amount  of  insoluble 
latty  acids  calculated  as  a  percentage  of  the  butter  fat. 

Example—The  following  may  be  taken  as  an  illustration  of  this  determination  — 
Beaker  and  butter  fat,      .  .  .  40-4337  grammes. 


Beaker, 

Butter  fat  taken, 
Filter,      .          .  . 
Beaker,     ,  .  [ 

Beaker  and  Filter, 
Beaker,  filter,  and  fatty  acids, 
Insoluble  fatty  acids, 


37-1.506 

3-2831 
0-5830 

20-  9967 

21-  5797 
24-4505 

2-8708 


or  87-44  per  cent, 
of  tlio  butter  fat. 
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The  percentage  of  insoluble  fatty  acids  in  butter  fat,  made  from  the  milk 
of  cows  of  the  most  varied  breed,  varies  usually  between  86"6  and  87-5, 
though  in  some  rare  instances  it  falls  as  low  as  86-3,  and  rises  as  high  as 
88-5  per  cent.  A  fair  average  is  represented  by  the  figure  87-3  per  cent. 
All  other  animal  fats  furnish,  on  an  average,  95-3  per  cent,  of  insoluble  fatty 
acids,  or,  in  other  words,  there  is  a  standard  difference  of  8  between  the 
percentage  of  insoluble  fatty  acids  in  normal  butter  fat  and  that  in  other 
animal  fats.  From  the  percentage  of  the  insoluble  fatty  acids  found,  it  is, 
therefore,  easy  to  draw  conclusions  as  to  the  genuineness  or  otherwise  of 
any  given  sample  of  butter.  If  the  quantity  of  insoluble  fatty  acid  be 
lo\ver°than  88  per  cent.,  the  butter  must  be  declared  genuine ;  if,  however, 
the  fatty  acids  are  higher  than  88-5  per  cent.,  we  may  conclude  that 
adulteration  with  foreign  fat  has  taken  place.  This  statement  will  be 
perhaps  clearer  if  applied  to  an  actual  example. 

Example  —Say  a  sample  of  butter  has  been  examined,  and  found  to  have  the  following 
percentage  composition  -.—Water  1'2,  Curd  r5,  Salts  2,  Fat  84-5.  The  fixed  or  insoluble 
fatty  acid.s  have  been  estimated,  by  the  foregoing  method,  and  found  to  constitute  92-3 
per  cent  of  the  butter  fat.  Assuming  that  there  is  a  standard  difference  of  8  per  cent, 
between  the  fixed  fatty  acids  yielded  by  a  pure  butter  fat,  and  that  in  foreign  or  other 
animal  fats;  and  taking  the  observed  dift'erence  between  the  fatty  acids  found  in  the 
sample  and  that  yielded  by  pure  butter  fat  to  be  5,  or  92  -3  -  87  '3  =  5,  we  get  the  following 
enuation  to  represent  the  percentage  of  foreign  fat,  or  adulteration,  in  the  sample.  As 
the  constant  difference,  between  the  fixed  fatty  acids  in  normal  butter  and  that  in  foreign 
fit  is  to  the  observed  difference,  between  the  fatty  acids  found  in  the  samijle  and  those 
Yielded  bv  pure  butter  fat,  so  is  the  percentage  of  fat  in  the  sample  to  the  percentage  of 
foreign  fat  in  the  sample  ;  or,  8  :  5  :  :  84-5  ;  x,  which  equals  52 -SI  parts  of  foreign  fat 
in  100  parts  of  the  sample,  that  is,  there  is  but  31-69  per  cent,  of  true  butter  fat  in  the 
sample. 

Determination  of  the  Volatile  Fatty  Acids.— As  an  alternative  to  the 
forecroinc^  determination,  the  following  process,  origmaUy  proposed  by 
Eeichert°  and  modified  by  Meissl  and  WoUny,  affords  a  fairly  rehable 
method  of  butter  analysis.    It  is  carried  out  as  foUows  :— 

Five  <^rammes  of  the  clear  filtered  butter  fat  are  saponified  on  a  water 
bath  in  a  flask,  capable  of  holding  300  to  350  c.c,  with  10  c-c  of  a  solution 
of  pure  caustic  potash  in  70  per  cent,  alcohol  (20  grammes  KHO  in  100  c.c 
alcohol)  When  the  fat  has  completely  dissolved,  the  alcohol  is  driven  off 
slowly  by  gentle  evaporation.  The  soap  is  then  dissolved  m  100  c  c  of 
water  decomposed  with  40  c.c.  of  dHute  sulphuric  acid  (1  m  10),  and  110 
c  c  distilled  off,  a  few  smaU  pieces  of  pumice  stone  having  been  added. 
100  c  c  of  this  distiUate  are  filtered  and  titrated  with  deci-normal  alkali 
TOsoUc  acid  or  phenolphthalein  being  used  as  an  indicator.  The  number  of 
c  c  used  is  increased  by  ^\  corresponding  to  the  total  quantity  of  the 
d'istillate  The  two  chief  sources  of  error  in  this  method  are  a  loss  ot 
butyric  ;ther,  and  a  gain  by  absorption  of  carbonic  acid,  hence  ,t  is  advis^ 
able  to  carry  out  the  saponification  under  a  reflux  condenser,  and  both  distii 
off  the  alcohol  and  dissolve  the  soap  in  water  m  a  closed  flask. 

Five  grammes  of  genuine  butter  yield  a  distillate  requiring  from  28  to  31 
c  c  of  deci-normal  alkali.  Similar  amounts  of  artificial  butters  such  as 
^arc^arine,  yield  distiUates  requiring  less  than  1  c.c.  of  the  fkah,  and 
vSs  butter  mixtures  demand  intermediate  quantities.  The  volatile  fatty 
Icids  may  be  expressed  in  terms  of  butyric  acid.  One  c.c  o  the  deci-norin^ 
Sa  i  =  8  8  milligrammes  of  butyric  acid  ;  consequently  f^f  ^jf  ^ll^^e  cm 
5  Gimmes  of  butter  fat  requires  28  c.c.  of  deci-norma  alka  i,  there  will  be 
tf  pS  cent,  of  volatile  fatty  acids  present  in  the  sample  of  butter  fat. 
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This  is  made  from  milk  by  the  action  of  rennet,  and  consists  of  coagulated 
casein,  with  varying  proportions  of  fat  and  salts.  The  different  qualities  of 
cheese  depend  mainly  upon  whether  they  are  made  from  pure  milk,  from 
skimmed  milk,  or  from  a  mixture  of  skim  and  whole  milk.  Thus,  Cheddar, 
double  Gloucester,  Cheshire,  and  some  American  cheeses  are  made  from 
whole  milk,  while  Stilton  is  made  from  whole  milk  to  which  cream  is  added. 
Dutch,  Parmesan,  Suffolk,  and  Somersetshire  cheeses  are  made  from  skimmed 
milk.  Cream  cheese  consists  of  the  fresh  curd  which  has  been  moderately 
pressed  ;  it  is  eaten  without  being  allowed  to  ripen.  When  a  cheese  is  kept, 
it  undergoes  a  change  known  as  "  ripening,"  which  is  supposed  to  be  a  decom- 
position, whereby  the  casein  undergoes  a  fatty  change,  including  the 
formation  of  lime  salts  of  the  fatty  acids  and  the  production  of  a  soluble 
compound  of  phosphoric  acid  with  casein,  from  the  phosphate  of  lime 
usually  present  in  milk. 

As  an  article  of  diet,  cheese  is  very  valuable,  being  particularly  rich  in 
both  proteid  and  fat :  about  J  Tb  contains  as  much  proteid  as  1  Bj  of  meat, 
and  J  lb  as  much  fat.  It  does  not,  however,  keep  well  in  warm  climates, 
and  is  occasionally  very  indigestible. 

The  percentage  composition  of  some  of  the  more  common  varieties  is  as 
follows  : — 


Free  Acid 

Water. 

Proteids. 

Fat. 

as  Lactic 

Salts. 

Acid. 

Cheddar,'      .       .  . 
Cheshire,  .... 

35-60 

28-16 

31-57 

0-45 

4-22 

37-11 

26-93 

30-68 

0-86 

4-42 

Siugle  Gloucester,  . 

35-75 

31-10 

28-35 

0-31 

4-49 

Dutch,  ..... 

41-30 

28-25 

22-78 

0-57 

7-10 

American  Red, 

28-63 

29-64 

38-24 

3-49 

GorgoDzola,  .... 

32-50 

32-80 

31-20 

3-50 

Gruyere,        .       .       .  . 
Roquefort,  .... 

32-00 

35-10 

28-00 

4-80 

26-50 

32-90 

32-30 

4-40 

Camembert,  .... 

51-90 

18-90 

21-00 

4-70 

The  quality  is  known  by  the  taste.  The  only  adulteration  is  from  sub- 
stances added  to  give  weight.  Starch  is  chiefly  employed,  and  can  be 
detected  by  iodine.    There  is  usually  about  5  or  6  per  cent,  of  salt. 

Sulphate  of  copper  and  arsenious  acid  are  sometimes  used  to  destroy 
insects ;  the  rind  is  then  the  most  poisonous  part.  Copper  is  detected  by 
MQmonia  or  potassium  ferrocyanide.  Arsenic  by  Eeinsch's  or  Marsh's  test. 
Sometimes  cheese  becomes  sour,  particularly  if  made  from  sheep's  milk,  and 
may  cause  diarrhoea.  The  occasional  production  of  the  ptomaine  tyrotoxicon 
should  be  remembered  when  poisonous  symptoms  arise. 

Acarus  doviesUcus,  Aspergillus  glaucus  (blue  and  green  mould),  and 
Sporendonema  casei  (red  mould),  occur  during  decay.  During  decay,'  also, 
the  fat  augments  at  the  expense  of  the  casein ;  leucin  is  produced,  with 
valerianic  and  butyric  acids.  Lactic  acid  is  also  often  produced,'  from 
the  lactose  of  the  milk  contained  in  the  cheese.  The  aroma  of  cheese 
partly  arises  from  this  decomposition,  and  the  production  of  volatile 
acids. 

The  maggots  or  larvae  of  a  fly  {Piophila  casei)  are  well  known,  and 
are  frequently  present  in  cheese  undergoing  decomposition. 
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Poisonous  effects  have  followed  the  eating  of  cheese,  which  have  been 
found  to  be  caused  by  the  presence  of  Ty rotoxicon.  For  the  detection  of 
this  substance  see  page  343. 


WHEAT. 

As  an  article  of  diet,  wheat  is  poor  in  water  but  rich  in  solids,  therefore 
very  nutritious  in  small  bulk  :  the  whole  grain  is  somewhat  indigestible,  but 
when  its  outer  coats  are  removed,  is  readily  digested.  The  proteids  in 
wheat  are  large  and  varied,  consisting  chiefly  of  a  globulin  and  an  albumose 
which,  under  the  a,ction  of  water,  give  rise  to  what  is  known  as  glutin. 
Whether  all  the  globulin  and  albumose  is  transformed  into  glutin  is  un- 
certain, but  the  weight  of  evidence  is  in  favour  of  the  view  that  some 
escapes  in  a  soluble  form.  The  starchy  substances  are  large,  60  to  70  per 
cent,  are  very  digestible,  and  consist  mainly  of  starch,  sugar  and  dextrin. 
A  nitrogenous  ferment,  called  cerealin,  is  also  contained  in  wheat,  being 
closely  associated  with  the  internal  coat  of  the  grain.  This  body,  like 
diastase,  acts  energetically  in  transforming  starch  into  dextrin,  sugar  and 
even  lactic  acid.  There  is  also  present  a  small  amount  of  fat,  while  the 
salts  are  chiefly  phosphates  of  potash  and  magnesia.  The  chief  defect  in 
wheat,  as  an  article  of  diet,  is  its  poverty  in  fats  and  in  vegetable  salts  which 
may  form  carbonates  in  the  system.  The  average  percentage  composition  of 
a  wheat  grain  is  as  follows  : — 

Water,  .  .  .  13-37 
Proteids,.       .       .  12-04 


^'^t;  •       •       ^o'^^  r  Phosphates  of  Potash,  Magnesia,  and  Lime. 

Carbo-hydrate,        .       68-65  ^ 
Cellulose,        .       .  2-31 
-^sh,       .       .       .  Chlorine. 

Silica. 

.Carbonic  acid. 


As  usually  prepared,  the  grain  is  separated  into  flour  and  bran  ;  the  mean 
being  80  parts  of  flour,  16  of  bran,  and  4  of  loss.  The  flour  is  itself  divided 
into  best  or  superfine,  seconds  or  middlmgs,  pollards  or  thirds  or  bran  flour. 
In  different  districts  different  names  are  used.  The  wheats  of  commerce 
are  named  from  colour  or  consistence  (hard  or  soft,  white  or  red) ;  the 
hard  wheat  contains  less  water,  less  starch,  and  more  glutin  than  the  soft 

wheat.  .       1     .      ■     1  4. 

A  medical  officer  will  seldom  be  called  on  to  examuie  wheat  grains,  but 
if  so,  the  following  points  shoxild  be  attended  to.  The  grains  should  be  well 
fiUed  out,  of  not  too  dark  a  colour ;  the  furrow  should  not  be  too  deep ; 
there  should  be  no  smell,  no  discoloration,  and  no  evidence  of  insects  ov  fungi. 
The  heavier  the  grain  the  better. 

In  examining  wheat,  or  any  other  cereal  grains,  it  is  necessary  to  prepare 
them  beforehand  by  soaking  for  some  time  in  ^vater.  It  wUl  then  be  found 
easy  to  demonstrate  the  different  structures.  By  means  of  a  needle  and  a 
pair  of  fine  forceps  the  different  coats  can  be  removed  seriatim,  sometimes 
quite  separately,  but  generally  more  or  less  in  combination.  After  examin- 
in^  the  separate  coats,  sections  may  be  made  of  the  whole  gram  so  as  to  see 
the  structures  in  situ.  The  hairs  are  generally  found  in  a  bunch  at  the  end 
of  the  grain.  The  starch  grains  are  best  demonstrated  by  picking  out  a  hltlo 
from  the  centre  of  the  grain  ;  water  mixed  with  a  little  glycerine  forms  the 
best  medium  for  demonstration. 
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To  each  wheat  grain  there  are  four  envelopes,  surrounding  a  fine  and  very 
loose  areolar  tissue  of  cellulose  filled  with  starch  grains.  The  outer  coat  is 
made  up  of  two  or  three  layers  of  long  cells,  with  slightly  beaded  walls,  run- 
iug  in  the  direction  of  the  axis  of  the  grain.  The  hairs  are  attached  to 
this  coat,  and  are  prolongations,  in  fact,  of  the  cells.  In  the  finest  flour, 
the  hairs  and  bits  of  this  and  the  other  coats  may  be  found. 

The  second  coat,  counting  from  without,  is  composed  of  a  layer  of  shorter 
cells,  more  regular  in  size,  with  slightly  rounded  ends  and  beaded  walls,  and 
lying  at  right  angles  to  the  first  coat,  or  across  the  axis  of  the  grain.  It  is 
impossible  to  mistake  it.  The  third  coat  is  a  delicate  diaphanous,  alhiost 
liyahne  membrane,  so  fine  that  its  existence  was  formerly  doubted.  Maddox, 
however,  has  distinctly  shown  it  to  have  faint  lines  crossing  each  other 
diagonally,  which  may  be  cells.  With  a  Little  care,  it  is  very  easily  demon- 
strated. In  the  transverse  section  of  the  envelope  it  appears  as  a  thin 
wliite  Kne.  Internal,  again,  to  this  coat  what  appears  to  be  another  coat 
can  sometimes  be  made  outj  it  is  a  very  fine  membrane,  marked  with 
widely  separated  curved  lines,  which  look  like  the  outlines  of  large  round 
or  oval  cells.  The  internal  or  fourth  coat,  as  it  is  usually  called,  is  composed 
of  one  or  two  layers  (in  places)  of  rounded  or  squarish  cells  filled  with 
a  dark  substance  which  can  be  emptied  from  the  cells.  When  the  cells 
are  empty,  they  have  a  remote  resemblance  to  the  areolar  tissue  of  the 
leguminosse,  and  there  is  little  doubt  that  from  this  cause  adulteration  with 
pea  or  bean  has  been  sometimes  improperly  asserted. 

The  starch  grains  of  wheat  (fig.  35)  are  very  variable  in  size,  the 


Fig.  35, 

smallest  being  almost  mere  points,  the  largest  of  an  inch  in  diameter 

or  larger.    In  shape  the  smallest  are  round,  the  largest  round,  oval  or  len- 
ticular.   Jt  has  been  well  noticed  by  Hassall  that  there  is  often  a  sinrrular 
^'want  of  intermediate-sized  grains.    The  hilum,  Avhen  it  can  be  seen,  is 
central,  the  concentric  hues  are  perceived  with  difficulty,  and  only  in  a 
•small  number;  the  edge  of  the  grain  is  sometimes  turned  over  so  as  to 
■  cause  the  appearance  of  a  slight  furrow  or  line  along  the  grain.    Very  weak 
'liquor  potassse  causes  little  swelhngs;  strong  hquor  potassEB  bulges  them 
out,  and  eventually  destroys  them, 
ft-  V.^^"^^  Y}^'^^^  grains  should  be  carefully  examined  for  any  diseased  forms. 
J^requently  smaU,  short,  thick  and  blackish  grains  are  found.     If  these 
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characteristically  modified  grains  be  steeped  in  -water  for  some  hours,  the 
microscope  will  reveal  inside  them  briskly  mobile  worms  from  0-6  to  1  nnii. 
in  length.  These  are  known  as  the  Anguiilulce  triiici,  and  the  disease  they 
give  rise  to  is  called  gout  or  cockle  disease,  from  the  slight  resemblance  of 
the  grains  to  the  seeds  of  Agrostemma. 

A  number  of  fungi  of  the  family  of  the  Ustilaginese  frequently  destroy 
corn  grains.  The  chief  of  these  are  Ustilago  carho,  Tilletia  caries,  and 
TiUetia  la;vis.  Ustilago  carlo  or  smut  forms  a  black  dusty  powder,  occupy- 
ing the  glume  in  place  of  the  grain,  which  is  entirely  destroyed.  The 
spores  are  almost  regularly  globular,  hght  brown  and  smooth  (fig.  36  [3]). 
Tilletia  caries  and  T.  Icevis,  sometimes  called  the  canker  or  stinking  disease 
of  wheat,  are  fungi  which,  microscopically,  are  very  similar  to  each  other, 
and  fill  the  grains  with  a  moist,  smeary,  black  powder.  Microscopically, 
the  spores  of  Tilletia  are  larger  than  those  of  Ustilago.  In  T.  caries,  they 
are  globular  or  roundish  with  net-like  ridges ;  in  T.  Icevis,  they  are  more 
irregular  and  smooth  (fig.  36  [2]). 

If  flour  be  adulterated  with  rye,  it  may  contain  the  mycehum  of  a  fungus 
caUed  the  Claviceps  purpurea  or  ergot  of  rye  (page  365).  At  present, 
however,  it  is  rare  to  find  ergot  in  flour,  as  it  is  carefully  sought  out  on 
account  of  its  value  as  a  drug. 

Wheaten  flour  is  of  two  kinds,  the  one  ordinarily  used  being  white,  the 
other,  whole  meal,  being  of  a  dark  colour,  owing  to  the  admixture  of  bran. 
In  the  market  there  are  several  varieties,  according  to  the  completeness  of 
the  milling.  The  most  highly  milled  flours  are  the  whitest,  and  contain 
least  bran  and  cellulose  ;  they  lose  in  the  process  some  proteid  and  some 
salts,  but  this  loss  is  largely  compensated  by  the  fineness  of  the  bread  pre- 
pared from  it.  The  chief  flours  in  the  market  are,  in  the  order  of  their 
excellence,  Vienna  whites,  best  wliites,  best  households,  second  households, 
and  others  much  inferior  in  quality.  There  are  also  brown  meal  and  whole 
meal.  The  percentage  composition  of  three  typical  wheat  flours  may  be 
thus  stated  : — 


Water. 

Proteid. 

Fat. 

Carbo- 
hydrate. 

CeUu- 
lose. 

Salts. 

Proportion  of 
nitrogenous  to 
non-nitrogenous 
food-stuff. 

Fine  flour, 
Coarse  flour,  . 
Whole  meal,  . 

13-37 

12-  81 

13-  00 

10-  21 
12-06 

11-  70 

0-  94 

1-  36 
1-70 

74-71 
71-83 
69-90 

0-29 

0-  98 

1-  90 

0-48 

0-  96 

1-  80 

1  is  to  7 "4 
1   „  6-2 
1  „  6-4 

Of  the  carbo-hydrates  in  flour,  66-28  per  cent,  is  starch,  4-09  is  dextrin, 
and  1-86  per  cent,  is  sugar.  It  is  an  open  question  whether  the  separation 
of  the  bran  from  the  finest  flour  is  altogether  desirable,  as  the  bran  contains 
often  as  much  as  15  per  cent,  of  nitrogenous  matter,  with  3-5  per  cent,  ot 
fat  and  5-7  per  cent,  of  salts.  On  the  other  hand,  if  the  bran  is  used,  it. 
seems  probable  that  much  is  left  undigested,  and  all  the  nutriment  which  is 
contained  in  it  is  not  extracted.  A  plan  was  suggested  by  Mc^e-^Iouries 
which  seems  to  save  all  the  most  valuable  parts  of  the  bran ;  the  two  or 
three  outer  and  more  or  less  sihceous  envelopes  of  the  wheat  are  detached, 
and  the  fourth  or  internal  envelope  is  left.  Several  p  ans  of  decorticati  g 
wheat  have  been  proposed,  but  none  of  them  at  present  have  superseded  tlie 

&t!e  wtS  is  used,  it  should  be  ground  very  fine,  as  tl.e  harder 
envelopes  are  irritating,  and  it  is  well  to  remember  that  for  ^^f^  V'^'^^ 
with  any  bowel  complaints  bread  must  be  used  entirely  without  bran. 
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Dysenteries  have  been  found  most  intractable,  merely  from  attention  not 
bemg  directed  to  this  simple  point.  It  is  aH  the  more  necessary  to  insist 
upon  this,  as  whole-meal  bread  has  been  much  recommended  and  used  of 
late.  At  the  same  time  there  is  no  doubt  that  whole-meal  bread  well 
made,  is  more  nutritious  than  the  fine  white  bread  now  so  generally  used 
The  principal  constituents  lost  with  the  bran  are  fat  and  salts,  the  analysis 
of  whole  meal  showmg  a  marked  excess  of  these  over  best  sifted  flour 
There  is  also  a  certain  loss  of  nitrogenous  matter,  some  of  which  is  believed 
to  aid  digestion.  But  for  the  irritating  qualities  of  the  outer  envelopes 
(which  have,  however,  been  much  diminished  by  modern  processes),  whole- 
meal bread  would  be  a  more  valuable  nutrient. 

Several  fungi  are  found  in  wheat  flour.  The  most  common  are  the 
Ustilagmete  already  mentioned  and  an  Uredinaceous  species  called  the 


Fig.  37. 


Fig.  38. 


I  f  ucama  grammzs  (fig.  37).  It  is  easily  recognised  by  its  round  dark 
:Srr!li'  ""^'-'^  contoured  with  a  double  line,  or  a^e  covered 

nmrf  nf  accompanying  drawing  shows  a  section  through 

aLe  clearlv^r  °  "''tf'^  '        ^P^^^^g  teleutospor^es 

7hl  t    ^        ^-^^"^^  °^       g^^^-    The  symptoms  which 

aaoubt  as  to  whether  it  reaUy  is  injurious  to  man  at  all. 

Ihe  Acarusfannce  (fig.  38)  is  by  no  means  uncommon  in  inferior  flour, 


SlJrprelnttTtat^  ^iT^r'  TT"^^  ^°i^^^^*«  ^^S^--- 
Phe  mm  af  it  hn',  LI    f     I    il"""  introduced  from  the  grain  in 

mm,  as  it  has  been  found  adhering  to  the  erain  it-<?plf     T<-  T 
■recognised.    Portions  of  the  skin  are  also  sometimes  found  ' 

^  igle^'cTni's  tr:t  the  flour  is  beginning  to  change. 

'hould  be  S  d  o/w  r'^^^^  ^^-^'  even  one 

looked  on  with  suspicion,  and  the  flour  should  be  afterwards 

Z 
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frequently  examined  to  see  if  tliey  are  increasing  m  numbers  In  flour 
which  has  gone  to  extreme  decomposition,  and  is  moist  and  becommg 
discoloured,  vibrios  and  other  forms  of  bacterial  life  are  frequently  seen. 

They  cannot  be  mistaken.  .  ,    .     n        •    ^v,  r»^7^«,7,.« 

Another  organism  occasionally  met  with  m  flour  is  the  Calandra 
aranaria  or  weevil  (fig.  39),  while  somewhat  rarer  are  the  larvse  of  various 
Ws  of  moTh  niore  particularly  Ephestia  elutella  and  EpU^tia  kueUmella 
belonsing  to  the  micro-lepidoptera. 

Adulterations  of  Flour.— At  present  there  is  very  httle  adulteration  of 
wheat  flour  in  this  country,  but  with  rising  prices  the  case  might  be 
different.  Abroad,  adulteration  is  probably  more  common,  and  the  medical 
officer  must  be  prepared  to  investigate  the  point. 

The  chief  adulterations  are  by  the  flour  of  other  grams,  viz. :— 

I 

The  greater  number  of  these  are  easily  recognised  by  the  microscope, 
and  will  be  considered  in  more  detail  under  their  respective  headmgs. 
Other  adulterations  are  by  mineral  substances,  viz.:— 


Barley, 
Potato, 

Beans  and  peas, 
Maize, 


Oat, 
Rye, 
Rice. 


Alum, 
Gypsum , 
Clay, 


Powdered  flint. 
Calcium  and  magnesium 
carbonates. 


These  are  best  detected  by  chemical  examination. 

Among  the  rarer  adulte/ations  of  flour  are  Linseed,  Buckwheat,  MiUet 
Meltrpyrum,  Lolium  temulentum,  and  some  other  grams:  they  can  be 
oonvenientlv  discussed  in  this  place.  .  t'ha 

Zseedi.  not  a  common  adulterant.    Its  _  envelopes  Peculj^^^ 
Pxternal  is  made  up  of  hexagonal  cells  contammg  oil :  the  second  of  round 
cells    the  third  of'^fibres :  and  the  fourth  of  angular  ceUs  contammg  a  dark 

''''^bI^uS'IST,^^  sometimes  found  in  wheat  coming  ^om  the  Baltic 
Its  S  '  ra  ns  a  3  ^^^11  and  round  and  adhere  together  in  masses.  Und^ 
a  hiah  power  there  are  indications  of  concentric  rings.  _  Bread  made  fiom 
flour  pr^a;ed  from  this  grain  has  a  darkish,  --what^^^f 

Millet  is  a  frequent  adulterant  of  flour  m  ^^.f  ^'  '  d  ^^^^^^ 

Western  Africa.    The  starch  grains  are  very  small,  round,  and  toierao  y 

mLwS;  a«  or  purple  cow-wheat,  has  ^-n  occagnaUy^^^^^^ 
with  flour:  it  is  not  injurious,  but  gives        bread  made  fiom  he  Aou^ 
which  contains  it  a  pecuHar  smoky-violet  ^l^^^^hlst 
to  be  due  to  a  colouring  matter  m  the  seed,  which,  when  waimea 

-^ll^  t  Darnel  seeds  occasionally  W  W  in 

flour.    They  do  not  affect  the  co  our  of  the  bread  J^;;^^^^^^^^^ 

coloured  solution,  with  a  more  or  less  agreeable  taste.  > 

Of  the  preparations  of  flour,  bread  is  the  most  important,  ^^hlle 
importance  are  biscuits,  macaroni,  and  vermicelli. 
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Examination  of  Flour.-Every  sample  of  flour  should  be  examined 
microscopically  physically,  chemically,  and  practically  by  maldnr  bread 
While  adiUterations  are  best  determined  by  the  microscope  on  the   S  s 
;  fdblg'points  '  '  "  demonstrated  by  Ittention  to  The 

Sight.-The'&onv  should  be  quite  white,  or  with  the  very  slio-htest  tin^e 
of  yellow  •  any  decided  yeUow  indicates  commencing  chanis  •  the  amouS 
of  bran  should  not  be  great.  °        ^    '  amount 

Touch.-There  should  be  no  lumps,  or,  if  there  are,  they  should  at  once 
break  down  on  shght  pressure;  there  must  be  no  -r  ttiness  wZ>?«].n? 
that  the  starch  grains  are  changing,  and  adlxering  too^r  n^y  'to  e  fr  0^^ 
land  will  give  an  acid  bread.    There  should,  however  be  to^vJTl  I 
of  cohesion  when  a  handful  of  flour  is  compressed  IndYf  hrot^'rnra 
waU  or  board  some  of  the  flour  should  adhere     Whrn^    ""/"V^/g^i^st  a 

Tosfe— The  taste  must  not  be  acid,  tliough  the  best  fl„,  i  i»  ^li^Xti^  -j 
:^SJlS   ^-^--^o-ing  Wor  ace^ra^^dTirs^^S^ 

SZfed^ln- ifr  ^£h  d^?:tlTheT^^  ^{^T^  ^^.^ 
r^J  a  hundred  is  the  plentgt  of  .^^^^^^^^  '^"^  "  '^'"'^  '  --Implied 

dour,  and,  of  course,  the  less  is  the  ^mo^t  Ti  nu^^L^^ 

l^ven  weight.    If,  then,  the  water  be  over  18  per  cent   the  C  T  , 

ejected;  if  over  16,  it  should  be  unfavourably^spoken '^^^^  """^^ 

Amount  of  Glutin.~W eic^h  10  erammpc,  L  J  T 
.od  with  a  litlle  water,  so  as  to  ill.?:Zn-r:ila7:a^^  Sd^  1  ' 
dowly  from  a  burette  :  usually  for  10  arammpfnTfl  ^  '  !  ^^^^"^ 
cc.  of  water  are  needed.    When  madfrt  the  1         "1"^"^^  ^^^^ 
■f  an  hour  in  an  evaporating  S    then  dou   a'  k'^^^  f  ^  ^^^^t^r 

^bout  with  the  rod,  and  carefX  VasroHL        ?  "V*^' 
3  time,  the  starch  water  into  LXVvesse       Afte^^T  ''"^^ 
•ecomes  so  coherent  that  it  mav  be  takpn  ^.  fto  /  S^^*^^ 
1  water,  the  water  beina  fr^m  ti2  fn  t  ^^'^  ^^^^^^'i  ^^oi^t 

Me  cle'ar.    If  there  rnoftL  T  dr^y        IZV^  ''''  \ 
•iutm  is  rather  more  than  one-third  t^e^veiehf  o  V       weigh;  the  dry 
eie  usual  proportion  -  therefore  divi<irfl.T^         T,"''''^*^  1  to  2-9  is 
«.    If  tfere\e  ti^eXI^:    l^lta  tt.„"X  a"  d'tShI 
s  St  done  by  spreading  it  out  on  a  crucible  l,vf  .Ia  a    ■     ?  •  ^^^^ 
'<be  di-y  glutin  ranges  foom  8  to  ?2  per  cen  floit 
^ch  it  falls  below  8.    If  there  is  muihTnV  ,  Z    '"''^'^  '^J^^*^^ 

amount  of  glutin  by  c-^dheTnVtoT  n  JT'  apparently  increases 

;  fact,  the  glutin,  as  th^^  obrifed  i^'nevl^^^^^^^  ' 
wan,  starch,  and  fat.  The  glutin  shoidd  be  fwn  'f  I  i'"''^'  ^^^'^ 
treads;  the  more  extensibk  it  s  tlt  ette^^ 

^'terminations  of  glutin   esneciallv  if  flV  "^^^  '°  '^^^^-^  two 

MaHty.  ^         ^^P^^i'-^i^y  If  there  is  any  disputed  question  of 
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more  than  2  per  cent.,  or  probably  some  mineral  substances  have  been 
added;  it  should  not  be  less  than  0-5,  or  the  flour  is  too  poor  in  salts:  it 
generally  ranges  between  0-7  and  0-9  per  cent. 

If  tlie  ash  be  more  than  2  per  cent.,  add  hydrochloric  acid,  and  see  if  there 
be  effervescence  (magnesium  or  calcium  carbonate).  Dissolve,  and  test  for  lime 
with  oxalate  of  ammonium,  and  then  for  magnesia,  m  the  same  way  as  m 
water  As  flour  contains  both  lime  and  magnesia,  to  prove  adulteration  the 
precise  amount  of  lime  and  magnesia  must  be  determmed  by  weighing  the 
incinerated  calcium  oxalate,  or  the  magnesium  pyrophospha,te  _ 

If  there  is  no  effervescence  add  water,  and  test  for  sulphuric  acid  and 
lime,  to  see  if  calcium  sulphate  (plaster  of  Paris)  has  been  added.  In  normal 
flour  the  amount  of  sulphuric  acid  is  very  small.  ■, ,  , 

Notice,  also,  if  the  ash  be  red  (from  iron).  If  clay  has  been  added,  it 
will  be  left  undissolved  by  acids  and  water.  .      ,  ,      ,  , 

If  magnesium  carbonate  has  been  added,  the  ash  is  light  and  porous  and 

^""^An  easy  mode  of  detecting  large  quantities  of  added  mineral  substances 
is  given  by  Redtenbacher ;  the  flour  is  strongly  shaken  with  chloroform; 
the  flour  floats,  while  aU  foreign  mineral  substances  faU.    This  is  a  very 

''^^If  the  water  be  small,  the  glutin  large,  and  the  salts  in  good  quantity, 
the  flour  is  good,  supposing  nothing  is  detected  on  microscopical  examina- 
tion.   But  in  all  cases  it  is  well,  if  time  can  be  spared,  to  have  a  loaf 

'^''%acUcal  Test  by  BaJdng.-Uake  a  loaf,  and  see  if  it  is  acid  when  fresh, 
and  how  soon  it  becomes  so;  if  the  colour  is  good;  and  the  rising  satis- 
fectory.  Old  and  changing  flour  does  not  rise  well,  gives  a  yeUomsh  colo^ 
foil  bread,  and  speedily  becomes  acid  Excess  of  acidity  can  be  detec^ 
by  holding  a  piece  of  bread  in  the  mouth  for  some  time,  as  weU  as  by  test- 

'''''^Test  for  Ergot.-There  is  no  very  good  test  for  ergot  when  it  is  groimd 
up  with  the  flour.    Laneau's  plan  is  to  make  a  paste  with  a  weak  alkaline 
sokLn  •  to  add  dilute  nitric  acid  to  slight  excess,  and  then  alkah  to 
Z^:^on;  a  violet-red  colour  is  said  to  ^e  given  if  ergot ^^^^^^^^^^^^^ 
which  becomes  rosy-red  when  more  nitric  acid  is  added,  and  violet  wlien 

'''"witSntnsiders  this  method  imperfect,  and  prefers  trusting  to 
peculiar  odour  of  propylamine  (herring-hlce  smeU)  developed  by  liquor 
potassse  in  ergoted  flour. 

BREAD. 

SlXlK;" are  p.actic.Uy  two  kinds  of  bread,  namely  that  .ade 
bv  means  of  yeast,  aiid  that  aerated  by  cbenuca  means  or  tbe  MB 
f  bread     The  ordinary  process  of  bread-making  consists  really  of 

^inr,  nf  fhp  "  sDOUse  "  and  the  making  of  the  dough. 
%1'sack  oT£,  weighing  280  lb,  is  usually  reckoned  to  f-mjj 
to  384  lb  of  bread,  or  from  94  to  96  quartern  loaves,  and  m  making  brea 
feom  this  amount  of  flour  the  following  P-f----- J  bo£  potatoes 

First,  the  ferment  or  leaven  is  made  with  8  to  12  ffi  ot  boiiea  p 
mashed  into  a  thin  paste.    After  cooling  to  about  80  F.,  or  27  O.,  q 
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of  brewer's  yeast  and  2  lb  of  flour  are  added.  In  this  mixture  of  potato 
starch,  flour,  and  yeast,  the  yeast  decomiioses  the  protcids  of  tlie  flour  and 
the  starcli,  forming  maltose,  dextrin,  and  peptone-like  bodies.  At  the  same 
time  the  yeast  becomes  very  active.  The  process  is  allowed  to  go  on  for 
five  hours. 

To  the  ferment  when  ready,  one-third  of  the  sack  of  flour,  48  ounces  of 
salt,  and  30  quarts  of  water  are  added.  If  the  flour  is  very  good,  the  salt 
is  not  necessary :  and  even  with  the  inferior  flours,  if  at  all  in  excess,  will 
check  the  fermentation.  The  resulting  mixture  constitutes  the  "  sponge," 
in  which  very  active  fermentation  goes  on :  after  about  five  hours,  the 
sponge  breaks,  owing  to  the  development  of  large  quantities  of  carbonic  acid 
and  alcohol  from  the  maltose  and  dextrin.  When  the  sponge  has  broken 
twice,  the  dough  is  formed  by  adding  to  the  sponge  the  remainder  of  the 
sack  of  flour  and  some  30  quarts  of  water.  This  rises  in  an  hour  or  so,  and 
is  then  transferred  to  an  oven  for  an  hour  and  a  half.  Though  the  tem- 
perature of  the  oven  varies  from  400°  to  450°  F.,  or  from  204°  to  232°  C, 
the  actual  temperature  of  the  dough  does  not  rise  much  over  212°  F.,  or 
100°  C.  In  this  stage  the  chemical  processes  are  not  very  active,  but  the 
bread  gradually  becomes  well  aerated,  and  its  constituents,  undergoing  a 
kind  of  automatic  digestion,  improve  both  in  flavour  and  aroma. 

In  the  non-fermented  breads,  the  carbon  dioxide  is  disengaged  by  mixing 
sodium  or  ammonium  carbonate  with  the  dough,  and  adding  hydrochloric, 
tartaric,  phosphoric,  or  citric  acids.  Baking  powders  are  compounds  of  these 
substances.  In  what  is  called  Dauglish's  patent  aerated  bread,  the  carbonic 
acid  is  forced  through  the  dough  by  pressure.  About  20  cubic  feet  of  COg, 
derived  from  chalk  and  sulphuric  acid,  are  used  for  280  lb  of  flour,  and 
about  11  cubic  feet  are  actually  incorporated  with  the  flour.  It  is  claimed 
for  unfermented  breads  that  they  do  not  contain  alcohol,  acetic  acid,  and 
other  products  of  excessive  fermentation,  but  the  advantage  is  a  doubtful 
one,  as  the  action  of  yeast  partially  digests  the  starch,  changing  it  into 
maltose  and  dextrin ;  while  the  proteids  of  flour  are  also  largely  converted 
into  albumoses  or  other  peptone-like  bodies. 

Chemical  Composition  of  Bread. — From  what  has  been  said  about  the 
making  of  bread,  it  is  obvious  that  bread  differs  in  composition  from  flour. 
The  percentage  composition  of  some  ordinary  breads  is  given  in  the  follow- 
ing table : — 


Water. 

Pi-oteids. 

Fats. 

Starch. 

Sugar. 

Cellu- 
lose. 

Salt. 

Eatio  of  nitro- 
genous to  non- 
nitrogenous 
food-stuffs. 

White  bread,  average 

quality,  . 

40-10 

8-00 

1-50 

49-20 

1-30 

1  is  to  6-3 

White     bread,  fine 

quality,  . 

35-59 

7-06 

0-46 

52-56 

4-02 

0-32 

1-09 

1  7-5 

vVhitc    bread,  coarse 

quality,  . 

40-45 

6-15 

0-44 

49-04 

2-08 

0-62 

1-22 

1    „  8-1 

Whole-meal  bread, 

43-40 

11-10 

0-40 

41-90 

1-70 

1-50 

1    „  4-0 

As  an  article  of  diet,  bread  has  very  similar  advantages  and  disadvantages 
as  flour.  It  is  rich  in  proteid  and  starch,  but  poor  in  fat  and  salts.  Eoughly 
speaking,  its  nitrogen  is  to  the  carbon  as  1  is  to  21.  To  make  it  a  perfect  food, 
it  therefore  requires  more  nitrogen.  Its  poverty  in  fat  is  curiously  exempli- 
fied by  the  constant  practice  of  using  fat  with  it :  butter  for  the  rich,  and 
dripping  or  fat  bacon  for  the  poor.    As  to  the  relative  advantages  of  the 
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various  methods  of  malcing  bread,  it  must  not  be  overlooked  that  yeast  bread 
is  nothing  more  nor  less  than  a  jmrtially  digested  Hour,  and  as  such  holds  a 
superior  dietetic  position  to  the  non-fermented  forms  of  bread. 

Special  Points  about  making  of  Bread. — It  may  be  of  bad  colour  from 
old  flour :  from  grown  flour  (in  which  case  the  changes  in  the  starch  have 
generally  gone  on  to  a  considerable  extent,  and  the  bread  contains  more 
sugar  than  usual,  and  does  not  rise  well),  and  perhaps  from  bad  yeast.  The 
colour  given  by  admixture  of  bran  must  not  be  confounded  with  yellowness 
of  this  kind. 

Bread  is  also  dark  coloured  from  admixture  of  other  grains,  as  already 
noticed  under  flour  (rye,  buckwheat,  melampyrum,  sainfoin,  &c.).  Bread 
may  be  acid,  from  bad  flour  giving  rise  to  an  excess  of  lactic  and  perhaps 
acetic  acids,  or,  it  is  said,  from  bad  yeast.  In  finding  the  cause  of  acidity 
in  bread,  look  first  to  the  flour,  which  may  be  old  and  a  little  discoloured, 
and  too  acid ;  if  nothing  can  be  made  out,  examine  the  yeast,  and  change 
the  source  of  supply ;  then  look  to  the  vessels  in  which  the  dough  is 
kneaded,  and  to  the  water.  Enforce  great  cleanliness  on  the  part  of  the 
men  who  make  up  the  dough. 

Bread  is  frequently  heavy  and  sodden  from  bad  yeast  fermenting  too 
rapidly,  or  when  the  fermentation  has  not  taken  place  (cold  weather,  bad 
water,  or  some  other  cause  will  sometimes  hinder  it),  or  when  the  wheat  is 
grown  ;  when  too  little  or  too  much  heat  has  been  employed.  It  is  said 
also  that  if  the  flour  has  been  di'ied  at  too  great  a  heat  (above  200°  F.) 
the  glutin  is  altered  and  the  bread  does  not  rise  well.  It  is  bitter  from 
bitter  yeast. 

Bread  becomes  mouldy  rapidly  when  it  contains  an  excess  of  water. 

Rice  is  used  as  an  addition  because  it  is  cheaper  ;  it  retains  water,  and 
therefore  the  bread  is  heavier.  Rice  bread  (if  25  per  cent,  of  rice  be  added) 
is  heavier,  of  closer  texture,  and  less  filled  Avith  cavities.  Potatoes  are  some- 
times added,  but  are  generally  used  only  in  smaU  quantity  with  the 
yeast. 

Alum  is  added  to  stop  an  excess  of  fermentation,  when  the  altering 
glutin  or  cereaUn  acts  too  much  on  the  starch,  and  it  also  whitens  the 
bread  ;  it  does  not  increase  the  amount  of  water ;  it  enables  bread  to  be 
made  from  flour  which  otherwise  could  not  be  used.  Sulphates  of  copper 
and  of  zinc,  in  very  small  amount,  are  sometimes  employed  for  the  same 
purpose. 

For  acid  flour,  lime-water  is  used  instead  of  pure  water ;  lime-water  has 
this  advantage,  that,  while  it  does  not  check  the  fermentation  of  yeast,  it 
hinders  the  action  of  diastase  on  starch.  It  must  be  caustic  lime-water, 
and  not  chalk  and  water,  as  sometimes  is  the  case. 

Loaves  are  generally  weighed  when  hot,  and  that  is  considered  to  be 
their  weight.  After  being  taken  from  the  oven  bread  begins  to  lose  weight. 
The  loss  of  weight  depends  upon  size,  amount  of  crust,  temperature,  and 
movement  of  air.  In  a  sheltered  place,  at  ordinary  temperature,  a  2-B)  loaf, 
baked  with  crust  all  over,  loses  about  |  per  cent,  in  cooHng,  and  from  1  to 
1^  in  five  hours.  A  similar  loaf,  with  only  top  and  bottom  crust,  loses  3 
per  cent,  in  cooling,  and  about  4  per  cent,  in  five  or  six  hours.  A  loaf  with 
four  sides  crust  loses  2  per  cent,  in  cooling,  and  retains  its  weight  without 
much  further  loss  for  five  hours.  For  each  of  six  sides  that  is  not  crust 
there  is  a  loss  of  weight  of  about  1  per  cent,  in  the  first  five  hours.  At  the 
end  of  twenty-four  hours  the  proportion  is  about  one-half  more,  and  the 
total  loss  is  double  at  the  end  of  seventy-two  hours  (three  days).  If  the 
bread  is  baked  in  larger  loaves  (4  tt),  for  instance)  the  loss  will  be  proper- 
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tionately  less,  the  ratio  of  the  evaporating  surface  to  the  bulk  of  tlic  loaf 
being  diminished. 

When  loaves  become  stale  they  can  be  dipped  in  water  and  rebaked ;  they 
will  then  taste  quite  fresh  for  twenty-four  hours ;  after  that  they  rapidly 
change. 

Diseases  connected  with  the  ftuality  of  Flour  and  Bread. — Frequently 
the  floiu:  is  originally  bad  :  it  may  be  ergoted,  or  grown  and  fermenting,  or 
affected  with  fungi.  Fermenting  flour  jjroduces  dyspepsia  and  diarrhoaa : 
the  heat  and  moisture  of  the  stomach  doubtless  excite  at  once  very  rapid 
fermentation :  the  proteids,  aheady  metamorphosing,  act  energetically  on 
the  starch,  and  carbon  dioxide  is  rapidly  developed ;  hence  uncomfortable 
feelings,  flatulence,  imperfect  digestion,  and  diarrhoea.  It  is  to  remedy  this 
ondition  of  flour  that  alum  is  added,  and  some  of  the  effects  ascribed  to 
Jam  may  be  really  owing  to  the  flour. 

The  most  important  disease  connected  with  flour  is,  however,  ergotism ; 
this  is  less  common  in  wheat  than  in  rye  flour,  but  yet  is  occasionally  seen. 
Sometimes  ergoted  meal  produces  at  once  violent  stomach  and  intestinal 
symptoms,  at  other  times  primary  digestion  is  well  performed,  and  the 
early  symptoms  are  great  general  depression  and  feverishness,  ushering  in 
the  local  symptoms  of  acrodynia. 

The  flour  may  have  been  originally  good,  but  altered  either  from  age  or  im- 
perfect drying.  The  bread  made  from  such  flour  is  often  acid,  and  sometimes 
liighly  so,  sufficient  to  produce  diarrhoea,  though  such  bread  has  sometimes 
been  used  for  a  long  time  without  this  effect ;  usually  persons  will  not  eat 
much  of  it,  and  thus  the  supply  of  nutriment  is  lessened.  If  the  bread  be  too 
moist,  fungi  form,  and  O'idium  aurantiacum,  in  particular,  has  been  known 
to  give  rise  to  slight  cases  of  diarrhoea.  Mucor  mucedo  either  does  not  pro- 
duce this,  or  does  so  but  rarely.  It  is  not  known  that  Acarus,  so  common  in 
tlour,  has  any  bad  efi"ects  when  eaten. 

Of  the  various  substances  added  from  time  to  time  to  flour,  alum  is  the 
chief :  there  has  been  much  difference  of  opinion  as  to  its  effects.  It  has 
lieen  asserted  to  produce  dyspepsia ;  to  lessen  the  nutritive  value  of  bread 
liy  rendering  the  phosphoric  acid  insoluble,  and  to  be  also  a  falsification, 
masmuch  as  it  permits  an  inferior  flour  to  be  sold  for  a  good  one.  The  last 
allegation  is  no  doubt  correct ;  the  second  probably  so,  as  there  is  little  doubt 
of  the  formation,  and  none  of  the  insolubility,  of  aluminum  phosphate.  The 
first  point  is  more  doubtful,  though  several  physicians  of  great  authority 
have  considered  its  action  very  deleterious,  and  that  it  causes  dyspepsia  and 
constipation.  Pereira  considered  that  whatever  may  have  been  the  effect 
in  the  case  of  healthy  persons,  sick  persons  did  reaUy  suffer  in  that  way. 
A  question  like  this  is  obviously  difficult  of  that  strict  proof  we  now  demand 
in  medicine.  Seeing,  indeed,  that  the  usual  effect  of  bad  flour  is  flatulence 
and  diarrhoea,  if  constipation  were  decidedly  produced  by  bread,  it  would 
be  more  likely  to  proceed  from  alum  than  from  any  other  ingredient  of  the 
bread.  Looking  again  to  the  fact  that  sometimes  bread  has  contained  large 
quantities  of  alum — sometimes  as  much  as  40  grains  in  a  4-Ib  loaf,  and 
probably  more— we  get  an  amount  in  an  ordinary  meal  which  (if  the 
aluminum  phosphate  is  an  astringent)  might  very  well  cause  constipation. 
'Jonsidering,  then,  the  positive  evidence,  and  the  reasonableness  of  that 
ovidence,  it  seems  extremely  likely  that  strongly  alumed  bread  does  produce 
the  injurious  effects  ascribed  to  it. 

Sulphuric  acid  is  said  to  be  added,  before  grinding,  to  flour  instead  of 
alum,  it  having  the  same  power  of  restraining  decay.  For  the  same  reason 
sulphate  of  copper  is  added.    The  amount  is  so  small  that  it  seldom 
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produces  any  symptoms :  still  it  is  possible  that  some  anomalous  cases  of 
stomach  irritation  may  be  owing  to  this. 

Lead  poisoning  is  extremely  rare  as  a  consequence  of  the  eating  of  bread. 
Alford  records  a  case  in  which  it  occurred,  owing  to  holes  in  some  mill- 
stones having  been  repaired  with  the  molten  metal,  and  where  old  wood 
which  had  been  painted  was  used  for  heating  the  baking  oven. 

The  symptoms  produced  by  bread  containing  Lolium  temulentum  have 
already  been  described  :  while  as  to  the  effect  of  flour  from  grains  other 
than  wheat,  it  is  not  known  whether  the  addition  of  potatoes,  rice,  barley, 
peas,  &c.,  in  any  way  injures  health,  except  as  it  may  affect  nutrition  or 
digestion.  Occasionally,  in  times  of  famine,  other  substances  are  mixed — 
chestnuts,  acorns,  &c.  In  1835,  during  famine,  fatal  dysentery  appeared 
in  Kdnigsberg  owing  to  the  people  mixing  their  flour  with  the  pollen  of  the 
male  catkin  of  the  hazel  bush.  In  India  the  use  of  a  vetch,  Lathyms 
sativus  (kisarl-dal),  with  barley  or  wheat,  gives  rise  to  a  special  paralysis  of 
the  legs  when  it  exceeds  one-twelfth  part  of  the  flour ;  L.  cicera  has  the 
same  effect.  During  the  siege  of  Paris,  straw,  to  the  extent  of  one-eighth, 
was  introduced  into  the  bread ;  this  had  a  very  irritating  effect. 


EXAMINATION  OF  BREAD. 

There  should  be  a  due  proportion— not  less  than  30  per  cent. — of  crust,, 
which  should  be  yellowish-brown,  firm,  and  not  aerated ;  the  external  sur- 
face should  not  be  burnt.  The  amount  of  crust  can  be  readily  estimated  by 
carefully  paring  it  off  with  a  sharp  knife,  weigliing,  and  then  calculating  it 
as  a  percentage  of  the  weight  of  the  whole  loaf.  The  crumb  should  be 
permeated  with  small  regular  cavities ;  no  parts  should  be  heavy,  nor  with- 
out these  Uttle  cells  ;  the  partitions  between  the  cavities  should  not  be 
touf^h ;  the  colour  should  be  white  or  brownish  from  admixture  of  bran ; 
the°taste  not  acid,  even  when  held  in  the  mouth.  If  the  bread  is  acid  the 
flour  is  bad,  or  leaven  has  been  used ;  if  the  colour  changes  soon,  a.nd  fungi 
form,  the  bread  is  too  moist ;  if  sodden  and  heavy,  the  flour  is  bad,  or  the 
baking  is  in  fault ;  the  heat  may  have  been  too  great,  or  the  sponge  badly 

*  The  purely  chemical  examination  of  bread  should  be  directed  chiefly  to 
the  determination  of  the  water  and  acidity  and  of  the  presence  of  alum  or 

sulphate  of  copper.  j 
Amount  of  Water.— This  should  be  calculated  on  the  whole  loaf,  and 
determined  separately  in  both  the  crust  and  crumb.  Usually  it  amounts  to 
about  16  per  cent,  in  the  crust,  and  from  35  to  45  per  cent,  in  the  crumb. 
On  the  Avhole  loaf  it  should  not  be  more  than  45  per  cent.  ;  if  more,  the 
bread  is  pro  tanto  less  nutritious,  and  liable  to  become  mouldy  sooner.  The 
determination  is  readily  made  by  taking  a  weighed  quantity  of  the  powdered 
bread,  drying  in  a  hot-air  bath  or  oven,  re-Aveigliing,  and  calculatmg  out  as  a 
percentage.  If  a  loaf  be  found  to  have  24  per  cent,  of  crust  and  76  per 
cent,  of  crumb,  with  16  per  cent,  of  water  in  the  crust  and  40  in  the  crumb, 
the  statement  for  the  moisture  in  the  whole  loaf  wiU,  therefore,  stand  as 
follows : — 

100^24=  3-84 
:^x  76  =  30;40 

1""          34-24  percentage  of  water  iu  the  whole  loaf. 


DETECTION  OF  ALUM  IN  BREAD. 
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Degi'ee  of  Acidity. — This  is  a  somewhat  important  determination,  and 
can  be  readily  made  by  means  of  a  standard  alkaline  solution,  prepared  by 
taking  liquor  sodse  or  liquor  potassae  of  pharmacopoeial  strength,  and  dilut- 
ing with  8  or  9  parts  of  distilled  water,  so  that  10  c.c.  exactly  neutralises 
10  c.c.  of  a  deci-normal  solution  of  oxalic  acid.  If  so  prepared,  1  c.c.  of  the 
alkaline  solution  equals  6  milligrammes  of  glacial  acetic  acid,  in  terms  of 
which  the  acidity  of  bread  is  usually  expressed.  The  acidity  of  bread  is  con- 
veniently determined  by  soaking,  for  an  hour,  10  grammes  in  100  c.c.  of 
distilled  water,  macerating,  and  then  titrating  with  the  standard  alkaline 
solution  ;  either  litmus  and  turmeric  papers  or  phenolphthalein  may  be 
used  as  indicators.  As  in  the  case  of  the  moisture,  so  the  acidity  should 
be  separately  estimated  for  the  crust  and  crumb,  and  then  calculated  on 
th  e  whole  loaf.  The  actual  acidity  found  will  vary ;  even  the  best  bread 
is  slightly  acid.  It  generally  averages  from  4'5  to  6  grains  per  pound,  or 
from  0'064  to  0'086  per  cent.  Eight  grains  per  pound,  or  O'lH  per  cent., 
(jf  glacial  acetic  acid  ought  certaiidy  to  be  the  limit. 

Amount  of  Alum. — The  determination  of  the  presence  of  alum  is  not 
difficult,  but  a  quantitative  analysis  is  necessary,  as  even  unalumed  bread 
may  contain  an  appreciable  amount.  As  a  qualitative  test,  a  decoction  of 
logwood  may  be  used ;  a  piece  of  pure  bread  and  a  piece  of  suspected 
bread  are  put  into  a  glass  containing  freshly  prepared  decoction,  and  left 
for  twenty-four  hours ;  the  pure  bread  is  simply  stained,  the  alumed  bread 
is  dark  purplish,  as  the  alum  acts  like  a  mordant. 

For  a  quantitative  estimation,  the  following  process  suggested  by  Dupre, 
and  modified  by  Wanklyn,  is  the  best. 


Take  tlie  ash  of  a  quarter  of  a  pound  of  bread,  place  in  a  porcelain  dish,  and  moisten 
with  3  c.c.  of  pure  hydrochloric  acid  to  separate  silica  ;  add  30  to  50  c.c.  of  distilled 
water  ;  boil,  filter,  wash  the  filter  well  with  boiling  water  ;  add  to  the  filtrate,  which 
contains  the  phosphates  of  calcium,  magnesium,  aluminum,  and  iron,  5  c.c.  of  liquor 
ammonias  (sp.  gr.  0*880),  which  causes  a  precipitate  of  these  phosphates  ;  then  add 
gradually  20  c.c.  of  strong  acetic  acid,  which  partially  clears  the  fluid  by  dissolving  the 
phosphates  of  calcium  and  magnesium  ;  boil  and  filter.  The  undissolved  part  is  a 
mixture  of  phosphate  of  aluminum  and  phosphate  of  iron  ;  wash  precipitate  well  with 
boiling  water,  dry,  ignite,  and  weigh. 

The  iron  must  now  be  determined  in  this  precipitate.  This  may  be  done  by  the 
permanganate,  but  Wanklyn's  colorimetric  test  is  probably  better  ;  it  is  aa  follows  : — 
Dissolve  1  gramme  of  pure  iron  wire  in  nitro-hydrochloric  acid,  precipitate  the  ferric 
oxide  with  ammonia  ;  wash  the  precipitate,  dissolve  it  in  a  little  hydrochloric  acid,  and 
dilute  to  1  litre:  1  c.c.  therefore  equals  1  milligramme  of  metallic  iron  ;  when  used  it  is 
diluted  1  in  100  so  as  to  make  a  solution  of  which  each  c.c.  contains  rff^th  milligramme 
(^O'Ol  of  a  milligramme)  of  metallic  iron.  To  use  this,  dissolve  the  phosphates  of 
aluminuui  and  iron  (obtained  by  the  above  described  process)  in  3  c.c.  of  pure  hydro- 
cldoric  acid,  and  dilute  to  100  c.c.  with  distilled  water.  Test  the  solution  to  see  if  it 
:,dve  a  deep  colour  with  a  10  per  cent,  solution  of  ferrocyanide  of  potassium  ;  if  the 
colour  is  not  too  deep  take  50  c.c.  of  the  solution,  and  dilute  up  to  100  c.c.  with  distilled 
water:  but  if  it  be  deep  take  a  smaller  quantity,  still  diluting  up  to  100  c.c.  with  dis- 
tilled water.  Put  it  into  a  cylindrical  glass  and  add  1  -5  c.c.  of  the  solution  of  ferrocyanide 
of  potassium,  and  1  c.c.  of  strong  hydrochloric  acid  :  a  blue  colour  is  given.  Into 
another  glass  as  much  of  the  standard  iron  solution  is  dropped  in  as  will  produce  a 
simdar  colour,  the  bulk  being  made  up  to  100  c.c.  with  distilled  water  and  1*5  c.c.  of 
ferrocyanide  solution  and  1  c.c.  of  strong  hydrochloric  acid  being  added.  This  procedure 
of  Wanklyuising  "  is  analogous  to  that  of  "  Nesslerising  "  for  ammonia.  The  amount 
of  iron  IS  then  read  off  and  calculated  as  phosphate  (1  of  iron  =  2 '696  FePOj).  Deduct 
the  weight  from  the  total  weight  of  phosphate  of  aluminum  and  iron  ;  the  remainder  is 
pUosphate  of  aluminum  (•=A1P04),  of  which  1  part  equals  0-42  alumiua,  or  21  dry  or 
jJ '9  crystallised  potassium  alum  ;  or  1'9  dry  or  37  of  crystallised  ammonium  alum,  which 
last  IS  almost  the  only  kind  now  in  the  market.  Calculate  as  crystallised  ammonium 
alum,  AINH4  (SOj)^  I2H2O,  and  express  as  grains  per  pound. 
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Example. — Weight  of  capsule  +  phosphatic  asli  =  19'155  grammes. 

„     alone  =19-060  ,, 


0-095 

Weight  of  ash  of  filter  paper         =  0-005  ,, 

Nett  weight  of  phosphatic  ash        =  0-090       ,,        (FePO^H  AIPO4). 
After  solution  and  dilution  of  the  ash  to  100  c.c,  5  c.c.  of  it  required  12  c.c.  of  the 
standard  iron  solution  :  then,  1^,— =240  c.c.  for  the  whole  100  c.c. 
240  X  0-01  =  2-4  mgm.  of  Fe  in  J  lb.  of  hread. 

2-4  X  2-696  =  6-46  mgm.  FeP04,  or  0-00646  gi-amme  in  I  lb.  of  bread. 
Then,  0-090  or  total  phosphates  of  iron  and  alum  less  0-00646  or  phosphate  of  iron 
gives  0-08354  gramme  of  phosphate  of  alum  in  J  lb.  of  bread  : 

and  0-08354  x  3-7  =  0-3091  gramme  AINH4  (804)3  I2H2O  in  I  lb.  of  bread. 
0-3091  x  4x  15-5  =  19-16  grains  ,,  ,,  per  lb.  of  bread. 

Alum  is  not  much  used,  except  with  inferior  bread :  the  object  of  its 
addition  is  to  arrest  the  change  in  the  glutin.  The  amount  of  alum  in  bread 
is  said  to  be,  on  an  average,  3  ounces  to  a  sack  or  280  tt)  of  flour ;  if  the 
sack  gives  105  4-0)  loaves,  there  will  be  3  grains  in  a  pound  of  bread ;  but  if 
crystallised  alum  is  meant  by  this,  there  will  only  be  about  1|  grain  of  dry 
alum.  This  amount  must,  therefore,  be  deducted  from  the  alum  found  in 
the  bread  examined,  the  result  then  giving  the  amount  of  the  salt  added : 
or  in  other  words,  any  excess  over  12  grains  in  a  4-lb  loaf  must  be  regarded 
as  an  adulteration.  A  very  good  witness,  in  the  inquiry  into  the  grievances 
of  the  journeymen  bakers,  gave  the  quantity  in  alumed  bread  to  be  41-6 
grains  per  4-fl)  loaf,  or  10-4  grains  per  pound.  When  mixed  with  flour  and 
baked  the  alum  is  decomposed  :  part  of  the  alumina  combines  most  strongly 
with  phosphoric  acid ;  and  either  this  or  the  alum  itself  is  presumed  to  be 
in  combination  with  the  glutin ;  potassium  disulphate  is  probably  formed. 

Cupric  Sulphate.— Cut  a  smooth  slice  of  bread,  and  draw  over  it  a  glass 
rod  dipped  in  potassium  ferrocyanide.  If  copper  be  present,  a  brick-red 
colour  is  given  by  the  formation  of  ferrocyanide  of  copper.  The  test  is 
very  delicate.  This  is  believed  to  be  a  very  rare  adulteration  in  England.  It 
has  been  said  that  cobalt  is  used  instead  of  copper,  but  it  is  also  probably 
very  rare ;  it  can  be  detected  by  the  blueness  of  the  ash. 

Potatoes. — If  potatoes  in  any  quantity  have  been  added,  the  ash  of  the 
bread,  instead  of  being  neutral,  is  alkaline  ;  this  can  only  occur  from  sodium 
carbonate  having  been  added,  or  from  the  presence  of  some  salts  of  organic 
acids,— citrates,  lactates,  tartrates,  which  form  carbonates  on  incineration. 
But  if  it  be  from  sodium  carbonate,  the  solution  of  bread  will  be  alkaline, 
so  that  it  can  be  known  if  the  alkalinity  is  produced  during  incineration. 
If  so,  it  is  almost  certain  to  be  from  potato. 

The  ash  of  bread  ought  never  to  be  over  3  per  cent. 


BISCUITS. 

The  simplest  biscuits  are  merely  flour  and  water,  but  the  majority  have 
slic^ht  additions  of  butter,  sugar,  and  flavouring  substances,  with  milk,  eggs, 
&c°  What  are  known  as  diet  or  digestive  biscuits  contain  some  bran.  Aber- 
nethy  biscuits  contain  caraway  seeds.  Cracknels  are  glazed  with  white  of 
&<rc,  while  macaroons  and  ratafias  are  flavoured  with  sweet  and  bitter 
almonds.  Ginger,  lemon,  orange-peel,  and  many  other  flavours  and  spices 
are  used  as  ingredients  in  fancy  biscuits  and  cakes. 

Biscuits  should  be  weU  baked,  but  not  burnt:  of  a  light  yeUow  colour, 
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should  float  and  partially  dissolve  in  water.  When  struck,  they  should  give 
a  ringing  sound,  and  Avhen  put  into  the  mouth  should  thoroughly  soften 
down.  All  biscuits  should  be  free  from  weevils.  All  the  plainer  varieties 
of  biscuit  may  be  considered  as  more  nutritious  than  bread,  in  the  propor- 
tion of  5  to  3.  They  are  more  digestible  when  not  very  dense,  and  when 
they  have  been  browned  by  baking,  so  as  to  turn  much  of  their  starch  into 
dextrin.  Like  flour,  biscuit  is  deficient  in  fat,  and  after  a  time  seems 
difiicult  of  digestion.  Perhaps  the  want  of  variety  is  objectionable,  but  it 
is  quite  certain  that  men  do  not  thrive  well  upon  it  for  long  periods. 

The  essential  difi'erences  between  biscuits  and  bread  are  that  they  are 
not  vesiculated,  and  they  are  baked  until  they  contain  scarcely  any  water, 
sometimes  not  even  5  per  cent.  There  are,  of  course,  some  exceptions  to 
this  rule,  especially  in  the  case  of  the  fancy  biscuits.  Strictly  speaking,  a 
biscuit  is  that  wliich  has  been  t-\vice  cooked  or  baked,  but  this  definition 
wiU  not  apply  to  the  generality  of  biscuits  now  made.  A  few  kinds  are 
really  put  twice  into  the  oven ;  such  are  rusks,  which  are  made  from  flour, 
milk,  butter,  and  sugar,  first  lightly  baked  as  a  kind  of  bread,  then  cut 
into  slices  and  again  put  into  a  sharp  oven  so  as  to  scorch  both  sides.  They 
are  afterwards  thoroughly  dried  by  a  lower  degree  of  heat  continued  for 
some  hours. 

The  percentage  composition  of  two  varieties  of  plain  biscuit  may  be 
taken  to  be  as  follows : — 


Water. 

Protelds. 

Fat. 

Starch. 

Sugar. 

Cellu- 
lose. 

Salt. 

Ratio  of  nitro- 
genous to  non- 
nitrogenous 
food-stuffs. 

Navy  biscuit,  . 
Milk  biscuit,  . 

10-20 
9-45 

10-90 
7-18 

■ 

1-60 
9-28 

75-00 
57-18 

15-92 

1-20 
0-16 

1-10 
0-83 

1  is  to  7 
1    „  1-4 

From  the  foregoing,  it  will  be  readily  seen  that  biscuits  contain  a  much 
s  smaller  quantity  of  water  and  a  larger  proportion  of  proteid  and  carbo- 
\  hydrate  than  bread.  Weight  for  weight,  they  are  therefore  more  nutritious 
t  than  bread,  and  being  easily  transported  are  useful  as  a  substitute  for  bread, 
^  when  this  cannot  be  obtained. 

Besides  biscuits  and  bread,  other  preparations  from  flour  are  macaroni 
a  and  vermicelU.  Macaroni  is  made  from  the  "hard"  wheats  of  Italy  and 
1  France.  These  wheats  yield  large  quantities  of  glutin,  which  readily  per- 
E  nut  of  the  manufacture  of  the  macaroni  of  commerce.  Macaroni  is  a 
^  valuable  food,  little  appreciated  in  these  islands,  and  of  a  fairly  constant 
c  composition.  It  contains,  on  an  average,  13  per  cent,  of  water,  9  of 
F  proteids,  0-4  of  fat,  76-7  of  carbo-hydrates,  and  0-9  per  cent,  of  salts. 
I  Vermtcelh  closely  resembles  macaroni  in  both  its  composition  and  nutritive 
p  properties. 


BARLEY. 

As  an  article  of  diet,  barley  has  the  same  advantages  and  disadvantages 
•  as  wheat.    It  is  said  to  be  rather  laxative.    The  barley  grain  contains 
JDout  as  much  proteid  as  wheat,  but  these  do  not,  on  the  action  of  water, 
lorm  glutin,  but  remain  in  a  soluble  form  as  globulin,  albumin,  and  albu- 
■  difficult  to  say  how  far  this  affects  its  nutritive  value,  but  it 

laSfl  capability  of  barley  being  made  into  bread,  and  as 

^  such  being  largely  used  as  an  article  of  diet. 
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The  envelopes  of  barley  are  the  same  in  number  as  those  of  wheat,  but 
they  are  more  delicate.  The  outer  coat  is  described  usually  as  having  three 
layers  of  cells ;  the  walls  of  the  external  layer  are  beautifully  waved,  but 
not  beaded ;  the  individual  cells  are  smaller  than  those  of  the  outer  coat  of 
wheat.  The  second  coat,  disposed  at  right  angles  to  the  first,  as  in  wheat, 
is  like  the  second  coat  of  wheat,  except  in  being  more  delicate  and  not 
beaded.  The  third  is  hyaline  and  transparent,  with  faint  cross-lines,  as  in 
wheat.  The  fourth  has  the  cells  similar  in  shape  to  the  corresponding 
wheat  coat,  but  they  are  very  much  smaller,  and  often  arranged  in  two  or 
three  layers. 

The  starch  grains  of  barley  are  very  like  the  wheat,  with  a  central  hilum 
and  obscure  marking,  but  are  on  the  whole  smaller ;  some  have  thickened 
edges,  instead  of  the  thin  edges  of  the  wheat  starch  grains,  but  it  is  very 
difficult  and  sometimes  impossible  to  distinguish  them.  It  is  therefore 
specially  to  the  envelopes  that  we  must  attend. 

Wlien  the  whole  barley  grain  is  ground,  it  forms  harley-meal ;  when  de- 
prived of  its  husk,  and  rouglily  ground,  it  constitutes  Scotch,  viilled,  or 
pot  barley.  Pearl  barley  is  the  grain  deprived  of  the  husk,  rounded  and 
polished  by  rubbing.  So-called  patent  barley  is  merely  pearl  barley  crushed 
to  the  state  of  flour.  Barley-water  is  prepared  from  pearl  barley,  and  forms 
a  slightly  nutritive  liquid  for  infants  and  the  sick.  Malt  is  the  product 
yielded  when  barley  has  been  allowed  to  germinate,  and  the  germination 
stopped  at  a  certain  point  by  exposure  to  heat  on  a  kiln.  As  a  result  of 
this  process,  the  starch  of  the  grain  is  largely  converted  into  sugar  by  the 
development  within  the  barley  grain  of  a  peculiar  active  nitrogenous  ferment 
called  diastase.  There  being  little  or  no  glutin  in  barley,  it  cannot  be  made 
into  ordinary  bread;  when  barley  bread  is  made,  it  is  usually  from  a 
mixture  of  barley-meal  with  wheaten  flour.  Barley  cakes  are  eaten  in  some 
places  on  the  score  of  economy ;  but,  as  compared  with  those  made  from 
wheat,  are  less  palatable  and  less  digestible. 

The  diseases  which  may  arise  from  altered  quality  of  barley  are  the  same 
as  those  from  wheat,  namely,  indigestion,  flatulence,  and  diarrhoea.  There 
appears  to  be  nothing  peculiar  in  the  action  of  diseased  barley  as  distin- 
guished from  diseased  wheat. 


RYE, 


Although  little  used  in  this  country  except  for  malting,  rye  in  the 
northern  countries  of  Europe  is  largely  used  for  making  bread.  In  its  per- 
centacre  composition,  rye  closely  resembles  wheat,  its  proteids  forming,  on 
the  addition  of  water,  a  kind  of  glutin.  Eye  bread  is  dark  m  colour,  some- 
what heavy  and  very  acid ;  but  faUs  little  short  of  wheaten  bread  m 

nutritive  value.  xr    •    j    -^.v,  t-^^ 

Rye  bread  is  indigestible  and  apt  to  cause  diarrhoea.    If  mixed  with  two 

parts  of  wheat  flour,  rye  flour  makes  an  excellent  bread. 


Percentage  Composition  of  Rye  Bread. 


Water. 

Proteid. 

Fat. 

Starch. 

Sugar. 

Cellulose. 

Salts. 

German  rye  bread,  . 
,,     black  bread, . 

42-  26 

43-  42 

6-  11 

7-  59 

0-  43 

1-  51 

46-94 
41-87 

2-  31 

3-  25 

0-49 
0-94 

1-46 
1-42 

ERGOT  OF  EYE. 
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The  envelopes  of  rye  are  very  like  those  of  wheat,  and  can  perhaps  hardly 
be  distinguished  from  them.  The  recent  starch  grains  (fig.  40)  are  also 
like  those  of  wheat,  but  they  are  much  more 
distinctly  spherical.  They  have  also  sometimes 
a  peculiar  rayed  hilum,  wliicli  used  to  be 
thought  peculiar  to  the  older  and  drier  grains. 
It  is,  however,  to  be  seen  even  in  the  starch  of 
fresh  soft  grains.  In  the  starch  of  wheat,  this 
rayed  hilum  is  only  met  with  occasionally,  when 
the  grain  is  very  old  or  dry.  If  rye  is  mixed 
in  any  quantity  with  ordinary  wheat  flour  it  is 
readily  discoverable  by  baking,  as  it  makes  a 
dark,  acid  bread. 

Eye  is  subject  to  a  very  peculiar  fungus 
disease  due  to  the  permanent  mycelium  of  the 
Secale  cornutum,  which  grows  at  the  expense 
and  in  place  of  a  grain  of  the  corn,  producing  what  is 
rye.  If  we  take  a  spike  of  ergotised  rye,  we  see  one 
or  more  of  the  rye  grains  replaced  by  blackish  horn- 
hke  growths,  twice  or  three  times  as  long  and  stout 
as  the  normal  rye  grains  (fig.  41).  This  is  the 
ergot,  and  when  fresh  has  a  faint  sickly  odour,  with 
a  bitter  and  nauseous  taste;  from  it  ergotine  is  pro- 
duced. This  black  grain  or  ergot  is  not  a  perfect 
fungus,  but  is  really  a  sclerotium  or  permanent  my- 
celium of  the  Secale  cornutum.  If  this  sclerotium  or 
ergot  be  placed  in  a  clean,  moist,  shady  place  it  will 
germinate  (fig.  42),  producing  on  its  surface  several 
club-shaped  growths.  Each  little  white  stemmed  off- 
shoot from  the  ergot  has  a  small  spherical  head  of  a 
beautiful  purplish  colour.  This  growth  is  now  the 
perfect  condition  of  the  ergot,  and  is  termed  Claviceps 
purpurea.  The  claviceps  derives  its  nourishment  from 
the  ergot,  and  after  it  has  appeared  the  ergot  collapses 
and  perishes.  If  one  of  the  heads  or  clubbed  ends 
of  the  claviceps  be  cut  through  longitudinally,  it  will 
be  found  to  have  the  structure  as  shown  in  fig.  43. 
Its  outer  surface  is  seen  to  be  packed  aU  round  with 
small  flasks,  conceptacles  or  peritJieeia,  with  their 
mouths  aU  opening  to  the  outside.  Each  single 
perithecium  is  closely  packed  with  fine  long  trans- 
parent bladders,  each  of  which  again  contains  some 
eight  or  ten  fine,  long,  attenuated  bodies  which  are 
sporidia  or  spores.  "When  ripe,  these  needle-hke  spores 
are  ejected  into  the  air,  whence  they  ultimately  find 
attachment  to  the  base  of  the  pistil  of  a  flower  of 
rye.  Here  it  germinates  to  form,  in  course  of  time, 
a  sclerotium  or  ergot,  with  a  subsequent  development 
of  the  claviceps  stage. 

When  the  ergot  gets  mixed  with  rye  grains,  it 
becomes  ground  down  with  them,  and  the  resulting 
bread  gives  rise  to  a  disease  in  men  called  ergotism, 
the  symptoms  of  wliich  are  vomiting,  diarrhoea,  fol- 
lowed in  severe  cases  by  either  loss  of  sensibility,  pig.  41. 
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gangrene,  or  paralysis.  The  disease  is  practically  unknown  in  this  country,  ' 
and  much  less  prevalent  now  than  formerly  abroad.    On  account  of  their 


Fig.  42.  Fig.  43. 


size,  the  ergots  can  be  readily  sifted  from  the  unaffected  grains  :  as  already 
stated,  the  ergot  is  carefully  sought  out,  owing  to  its  value  as  a  drug,  and 
for  this  reason  is  rarely  found  in  flour. 


OATS. 


As  met  with  in  commerce,  oats  consist  of  the  seeds  of  the  Avena  sativa 
enclosed  in  their  husks.  When  deprived  of  this  integument,  the  grain  goes 
by  the  name  of  groats  or  grits,  used  in  making  porridge  :  and  these  groats, 

when  ground  down  fine,  constitute  oat-meal, 
from  which  gruel  is  made.  Of  all  the  cereals, 
oats  rank  next  to  wheat  as  articles  of  food, 
being  noticeable  for  containing  large  amounts 
of  proteid  and  fat  —  particularly  the  latter. 
Oats  resemble  barley  rather  than  wheat,  in  that 
their  proteids  do  not  form  glutin  on  the  ad- 
dition of  water  :  on  this  account  oat-meal  cannot 
be  vesiculated  and  made  into  bread  hke  wheaten 
flour.  It  is,  however,  made  into  thin  cakes  by 
mixing  into  a  paste  with  water,  and  then  baking 
on  an  iron  plate.  Owing  to  the  large  amount 
of  cellulose  which  they  contain,  this  is  apt  to  irritate  the  intestines,  and 
more  or  less  interfere  with  digestion. 

In  oats,  there  are  two  or  three  envelopes :  the  outer  coat  contains  longi- 
tudinal cells ;  the  second  contains  obliquely  transverse  cells,  which  are  not 
very  clearly  seen ;  the  cells  are  wanting  in  parts,  or  pass  into  the  cells  of  the 
third  coat ;  the  third  a  layer,  usually  single,  of  cells  like  the  fourth  coat  of 
wheat.  The  husk  must  be  detached  before  the  envelopes  are  looked  for,  for 
lining  it  is  a  layer  of  wavy  cells,  like  the  external  envelope  of  barley,  which 
miffht  mislead.  The  starch-cells  are  small,  many-sided,  and  cohere  into  com- 
posite round  bodies,  which  (fig.  44)  are  very  characteristic,  and  which  can  be 
broken  down  into  the  separate  grains  by  pressure.  A  high  power  is  necessary 
for  the  examination  of  these  grains.  The  oat  starch  does  not  polarise  light, 
and  there  is  usually  no  difficulty  in  their  detection  by  means  of  the  microscope. 


Fig.  44. 


OATS — RICE. 
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In  the  form  of  oat-meal,  oats  can  be  taken  for  long  periods  without 
distaste,  and  in  this  form  constitute  a  material  part  of  the  dietary  of  the  Scotch 
peasantry.  The  chief  adulterations  of  oat-meal  are  barley  meal  and  the 
husks  of  barley,  of  wheat  and  of  the  oat  itself.  A  single  look  through  the 
microscope  usually  detects  the  round  and  smooth  barley  starch,  while  the 
envelopes  are  recognised  with  very  little  more  trouble.  Occasionally  rice 
and  maize  are  added.  In  a  good  oat-meal  there  should  be  a  fair  proportion 
of  envelope,  but  the  meal  should  be  devoid  of  any  branny  character,  which 
usually  arises  from  barley  husks.  The  starch  should  not  be  discoloured, 
and  the  whole  sample  free  from  acari, 

KICE. 

The  whole  grain  (paddy)  deprived  of  the  husk  is  sold  as  rice.  There  are 
many  varieties,  of  different  colours  and  composition.  The  amount  of  nitro- 
genous matter  varies  greatly,  from  3  to  7-5  per  cent.  As  an  article  of  diet 
it  has  the  advantage  of  an  extremely  digestible  starch  grain,  and,  like  the 
other  Cerealia,  there  is  a  great  admixture  of  substances;  it  is,  however, 
poorer  in  nitrogenous  substances  than  wheat,  and  is  much  poorer  in  fat. 
Consequently,  among  rice-feeding 
nations,  leguminous  seeds  are  taken 
to  supply  the  first,  and  animal  or 
vegetable  fats  to  remedy  the  latter 
defect.  Rice  is  also  poor  in  salts. 
It  is  essentially  a  carbo-hydrate 
food,  and,  if  properly  and  suffi- 
ciently cooked,  is  very  digestible. 
It  is  best  cooked  by  thoroughly 
steaming;  if  boiled  in  water,  it 
loses  some  of  its  already  small 
quantity  of  proteid  and  saHne 
matter.  It  cannot  be  made  into 
bread,  but  is  much  used  in  France 
for  mixing  with  wheaten  flour  to 
make  the  very  white  bread  which 
is  in  request  in  that  country. 

The  husk  of  rice  is  very  peculiar ; 
on  the  outer  coat  are  numerous 
siliceous  granules,  arranged  in  longi- 
tudinal and  transverse  ridges ;  there 
are  also  mimerous  hairs,  some  of  which  are  seated  over  stomata.  Below 
this,  there  is  a  membrane  of  transverse  and  longitudinal  rough  edged  fibres, 
while  below  these  again  is  a  fine  membrane  of  transverse  angular  cells' 
covering  a  further  delicate  membrane  of  large  ceUs.  The  starch  grains  (fig! 
45)  are  very  small,  angular  under  low  power,  but  faceted  and  compressed 
under  high  powers.  They  cannot  be  mistaken  for  the  round  cells  of  wheat, 
but  may  be  confounded  with  oat  starch,  from  which,  however,  they  are 
distmguished  by  the  absence  of  the  compound  cells  or  glomeruli.  Their 
shape  IS  also  a  little  like  maize,  but  they  are  very  much  smaller. 
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MAIZE. 


Tliough  not  much  used  in  England,  maize  or  Indian  corn  is  an  important 
food  in  America  and  in  Italy,  where  it  is  called  polenta.  In  its  nutritive 
value,  maize  resembles  oats,  containing  a  large  quantity  of  fat.  When 
made  either  into  cakes  or  porridge,  it  affords  a  valuable  food.  Maize,  being 
deficient  in  glutin,  does  not  make  good  bread ;  it  is,  moreover,  harsh  in 
flavour.  This  defect  is  largely  removed  by  treating  it  with  caustic  potash, 
a  procedure  which  is  the  foundation  of  the  process  for  making  it  into  the 
common  commercial  articles  extensively  sold  under  the  names  of  oswego 
corn-flour  and  hominy.    If  imperfectly  cooked,  or  at  all  decomposed,  maize 

may  give  rise  to  very  disturbing  symptoms. 
The  grain,  too,  is  liable  to  a  peculiar  disease 
due  to  a  fungus  called  Sporisorium  maidis, 
which  gives  rise  to  a  disease  in  man  known 
as  "  pellagra,"  and  closely  resembling  scurvy. 
This  afl^ection  is  not  uncommon  in  Lombardy, 
where  much  maize  is  eaten  as  food. 

The  coats  of  maize  are  two,  the  outer 
being  made  up  of  many  strata  of  cells ;  there 
is  no  transverse  second  coat  as  in  wheat; 
the  internal  coat  consists  of  a  single  stratum 
of  cells  like  the  fourth  of  wheat,  but  less 
regular  in  shape  and  size.  The  cellulose, 
through  the  seed  holding  the  starch  in  its 
Fig.  46.  meshes,  forms  a  very  characteristic  structure, 

which  on  section  looks  like  a  pavement  made 
of  triangular,  square,  or  polygonal  pieces ;  the  cells  are  filled  with  the 
starch  grains,  which  are  very  small,  and  compressed,  so  as  to  have  facets 
(fig.  46).  They  are  very  different  from  the  smooth,  uncompressed  round 
cells  of  wheat.  The  starch  grains  of  oats,  rice,  and  maize  somewhat 
resemble  each  other,  in  being  all  faceted.  The  maize  starch  grains  are 
much  larger  than  the  other  two,  with  a  distinct  hilum ;  oat  and  rice  starch 
grains  are  smaller  than  those  of  maize,  and  are  usually  without  a  hilum, 
while  both  the  oat  and  rice  grains  have  a  tendency  to  collect  together 
into  clumps. 


MILLET  AND  BUCKWHEAT. 


Various  grains  belonging  to  the  OereaUa  or  to  other  natural  orders,  and 
having  similar  properties,  are  used  as  food  in  different  co\mtries.  Of  these 
the  chief  are  the  different  millets,  used  largely  in  Africa,  Italy,  Spain, 
Portugal,  and  some  parts  of  India  and  China. 


English  Names. 
Common  millet, 

Small  millet, 

Spiked  millet, 
Golden-coloured  millet, 


Botanical  Karnes.  Indian  Names. 

C  Sanwa  Chenawari 
Pamicum  miliaceim,,  -!  (Hindustani). 

(  Varagu  (Tamul). 

(Sorghum  or  Panicicm  j g^^/^/cTS). 

i    ^"■^''>  [  Joar  or  Joari  (Hind. ). 

Pcncillaria  spicata,  |  Kambr(Tamulf  ^' 

Sorghum  saccharatum. 


PEAS  AND  BEANS. 
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English  Names. 
Italian  millet, 
German  millet, 


Botanical  Karnes. 
Setaria  Italica, 
Setaria  Gerinanica, 

Elcusine  corocana. 


Indian  Names. 
/  Killii  kangni  (Hind.). 
\Tenay  (Tamul). 


I'Ragi     or     Raggy  (Hind., 
J     Canarese,  and  Tamul). 
I  Mnrha  and  Maud  in  the  N. 
Prov.  of  Hindustan. 

The  millets  are  very  similar  in  composition,  their  ash  being  particularly 
rich  in  silica  and  phosphates. 


Water. 

Proteids. 

Fats. 

Carbo- 
hydrates. 

Cellu- 
lose. 

Salts. 

Eatio  of  nitro- 
genous to  non- 
nitrogenous 
food-stuffs. 

Common  millet,  . 

11-79 

10-51 

4-26 

68-16 

2-48 

2-80 

1  is  to  6-89 

Small  millet, 

11-46 

8-96 

3-79 

70-25 

3 -.59 

1-95 

1    „  8-26 

Spiked  millet, 

11-72 

8-61 

3-54 

71-31 

3-40 

1-42 

1    ,,  8-69 

Golden-coloured  millet, 

15-17 

9-26 

3-86 

67-99 

2-51 

1-71 

1    „  7-70 

Italian  millet, 

12-04 

7-40 

3-87 

74-21 

1-37 

i-n 

1    „  10-55 

German  millet. 

11-92 

8-41 

3-62 

71-50 

3-25 

1-30 

1    ,,  8-93 

Raggy  or  Ragi,  . 

13-2 

7-30 

1-50 

73-20 

2-50 

2-30 

1    ,,  10-23 

Buckwheat,  . 

12-68 

10-18 

1-90 

71-73 

1-65 

1-86 

1    „  7-22 

Millet  bread  is  very  good,  and  some  was  issued  to  the  troops  in  the  last 
China  Expedition.  This  should  always  be  done  in  a  millet  country,  if  wheat 
or  barley  caimot  be  got.    In  Northern  China  millet  is  almost  exclusively  used, 

Raggy  or  RagI  (Eleusine  corocana)  is  largely  used  in  Southern  India  and 
ill  some  parts  of  Northern  Hindustan,  and  is  considered  even  more  nutritive 
than  wheat.   It  is  capable  of  being  preserved  for  many  years  in  dry  grain  pits. 

Buckwheat  {Fagopyrum  esculentum)  is  not  so  likely  to  be  used.  It  is 
[)oor  in  nitrogenous  substances  and  fat,  and  contains  a  good  deal  of  indigest- 
il^le  cellulose,  but  it  makes  fairly  palatable  cakes. 


PEAS  AND  BEANS. 


These  belong  to  the  Leguminosae,  and  in  respect  of  dietetic  properties  are 
•roadly  distinguished  from  other  vegetable  foods  by  their  large  amount  of 
litrogenous  substance,  called  legumin  or  vegetable  casein,  Avhich  is  probably 
:ii'gely  derived,  during  extraction,  from  certain  globulins  and  albumoses 
aesent  in  these  seeds.    The  character  of  the  proteids  in  the  leguminous 
ilants  has  not  been  very  well  investigated;  our  fullest  knowledge  relates  to 
lie  kidney  bean,  Phaseolus  vulgaris,  which  contains  two  globulins  and 
'Sumin.    The  two  globulins,  known  respectively  as  phaseolin  and  phaselin 
re  both  very  soluble  in  dilute  saline  solutions,  from  which  they  are  precipi- 
ted  by  acids,  the  precipitates  being  soluble  in  common  salt  solution.  By 
■olonged  dialysis  of  their  solutions,  they  separate  out  and  thereby  become 
artially  insoluble  in  brine.    The  jPoUowing  analysis  of  those  globulins  by 
isborne  is  interesting  as  typical  of  the  proteids  of  this  group  of  seeds. 


Carbon, 

Hydrogen, 

Nitrogen, 

Oxygen, 

Sulphur, 


Phaseolin. 
52-58 

6-84 
16-47 
23-55 

0-56 


Phaselin. 
51-60 
7-02 
14-65 
26-24 
0-49 


100-00  100-00 

2  A 


370 


POOD. 


The  advantages  of  peas  and  heans  as  articles  of  diet  are  the  great  amount 
of  legumin  and  salts,  especially  those  of  potash  and  lime.  Their  disadvan- 
tages lie  in  their  great  indigestibility  and  poorness  in  fat  and  sodium  chloride. 
Kubner  has  shown  that  from  about  21  to  30  per  cent,  of  the  nitrogen  of 
peas  passes  out  undigested  in  the  faeces  as  compared  with  13  to  14  per  cent, 
of  the  nitrogen  of  white  bread,  and  about  17  per  cent,  of  black  bread.  The 
existence  of  sulphur  frequently  causes  flatus  from  the  production  of  hydrogen 
sulphide.  Still  they  are  a  most  valuable  article  of  food,  and  always  ouglit 
to  be  used  when  much  exercise  is  taken,  as  they  constitute  an  excellent 
addition  to  meat  and  the  other  cereals.  Both  men  and  beasts  can  be 
nourished  on  them  alone  for  some  time ;  in  fact,  added  to  rice,  they  form 
the  staple  food  of  large  populations  in  India. 

Closely  allied  to  peas  and  beans  are  Lentils  {Ervum  lens),  Gram  {Phaseolus 
Mimgo),  Soja  beans  {Soja  hispida),  Lablab  beans  {DoUchos  lahlab),  and  Dal 
{Lai'hyrus  sativiis).    Lentils  contain  a  large  amount  of  proteid,  are  rich  in 
iron  and  phosphate  of  lime,  and  have  the  advantage  over  peas  of  containing 
no  sulphate.     "Revalenta"  is  prepared  from  lentils.     Gram,  although 
chiefly  used  for  horses  and  cattle,  is  sometimes  employed  as  food  for  men  in 
India,  making  palatable  and  nutritious  cakes.    Soja  or  Soy  beans,  from  the 
large  amount  of  fat  they  contain,  approximate  in  composition  to  the  oily 
seeds  such  as  linseed,  pea-nuts,  walnuts,  hazel-nuts,  and  almonds.  Lablab 
beans  are  obtained  from  a  pulse  grown  in  India  not  only  for  its  ripe  seeds, 
but  also  for  its  green  pods,  which  are  used  as  a  vegetable.    The  Dal  is  a 
vetch  used  occasionally  in  Europe  and  constantly  in  India,  when  mixed  with 
wheat  or  barley  flour,  for  bread.    When  used  in  too  great  quantities,  it 
produces  constipation,  colic,  and  some  form  of  indigestion,  and,  if  eaten  in 
excess,  paraplegia.    It  is  also  injurious  to  horses,  but  less  so  to  oxen.  To 
tins  group  belong  also  the  seeds  of  the  Peruvian  food,  the  Chenopodium 
Quinoa.    The  starch  grains  of  the  Quinoa  are  said  to  be  the  smallest  known. 
It  may  be  worth  remarking  that  this  seed  is  very  rich  in  salts  (2-4  per  cent.), 
and  particularly  so  in  iron  (0-75  per  cent.)  ;  indeed,  it  is  the  richest  m  iron 
of  any  vegetable.    It  is  possible  that  it  might  be  a  useful  food  in  some  cases 
of  illness.    It  is  fairly  nutritious  and  digestible.    The  following  table  shows 
the  percentage  composition  of  some  of  the  more  common  leguminous  seeds 


Pea  flour, 
Green  peas, 
Dried  peas, 
Bean  flour, 
Dried  beans,  . 
Fresh  French  beans, 
Haricot  beans, . 
Lentil  flour,  . 
Gram, 
Soja  beans, 
Lablab  beans,  . 
Lathyrus  sativus. 
Yellow  lupin  seeds,  . 


Water. 

Proteid. 

Fat. 

Carbo- 
hydrate. 

Cellu- 
lose. 

Salts. 

11-41 

25-20 

2-01 

57-17 

1-32 

2-89 

78-44 

6-35 

0-53 

12-00 

1-87 

0-81 

13-92 

23-15 

1-89 

52-68 

5-68 

2-68 

10-29 

23-19 

2-13 

59-37 

1-67 

3-35 

13-49 

25-31 

1-68 

48-33 

8-06 

3-13 

88-75 

2-72 

0-14 

6-60 

1-18 

0-61 

11-24 

23-66 

1-96 

55-60 

3-88 

3-66 

10-73 

25-46 

1-83 

57-35 

2-01 

2-67 

10-80 

22-20 

2-70 

54*10 

5-80 

4-40 

15-70 

33-40 

17-70 

26-00 

3-10 

4-10 

12-10 

24-40 

1-50 

57-80 

1-20 

3-00 

12-74 

24-08 

2-38 

51-38 

6-60 

2-82 

13-98 

38-25 

4-38 

25-46 

14-12 

3-81 

Ratio  of  nitro- 
genous to  non- 
nitrogenous 
food-stuff  s. 


1  is  to 
1 

1  „ 

1  „ 

1  M 

1  n 

1  „ 

1  n 

1  „ 

1  >, 

1  „ 
1 
1 


2-8 

1-  8 

2-  2 
2-6 

1-  9 

2-  4 
2-4 
2-3 
2-7 

1-  2 

2-  5 
2-2 
0-8 


It  will  be  noticed  how  great  is  the  difference  between  the  composition 
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fresh  and  dried  peas ;  roughly,  1  part  of  the  dried  pea  equals,  by  weight, 
4  parts  of  the  green  in  proteids  and  carbo-hydrates. 

The  starch  grains  of  peas  and  beans  (fig.  47)  are  characteristic,  being 
oval  or  kidney  shaped  :  they  have  no  clear  hilum,  but  usually  a  deep  central 


Fig.  47. 


longitudinal  cleft,  or  at  times  an  irregularly  shaped  depression.  The 
addition  of  hot  Avater  to  pea  or  bean  flour  causes  the  emission  of  the  typical 
beany  smell.  Pea  flour  is  sometimes  met  with  as  an  adulterant  of  wheat 
Hour,  but  rarely  to  a  greater  extent  than  4  per  cent.,  as  it  makes  the  bread 
heavy  and  dark. 

POTATOES. 

These  may  be  considered  as  occupying  a  place  next  in  importance  to  the 
seeds  of  the  cereals  as  articles  of  vegetable  food.  The  potato,  used  as  food 
constitutes  the  tuber  or  exuberant  growth  of  a  portion  of  the  under^rround 
stem  of  the  Solanum  hiberosum.  The  tuber  develops  into  a  thick  fleshy 
mass,  retaining  its  buds  under  the  name  of  "eyes,"  each  of  which  eyes  or 
buds  is  capable  of  independent  growth  when  in  a  detached  or  isolated  state 
m  Its  chemical  composition  the  potato  shows  a  large  proportion  of  starch 
|vith  a  very  small  quantity  of  proteid.  The  juice  of  the  potato  is  acid,  due 
10  the  presence  of  a  certain  amount  of  free  citric  acid  with  citrates  of 
potassium,  sodiuni,  and  calcium.  In  its  dietetic  value,  the  potato  is  both  a 
carbo-hydrate  and  an  anti-scorbutic.  As  the  amount  of  salts  is  small,  and 
hat  of  water  large,  at  least  8  to  12  ounces  of  potatoes  should  be  taken 
<iauy,  It  no  other  vegetables  are  eaten. 

The  starch  grains  of  the  potato  (fig.  48)  are  characterised  by  being  large 
"yster-shaped  granules  with  well-marked  concentric  rings,  and  a  clear  though 
■Hiall  hilum  at  the  narrow  end.    Weak  liquor  potassse  (1  in  10)  swells  them 
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put  greatly  after  a  time,  while  wheat  starch  is  little  affected  by  this  strength. 
Potato  starch  is  largely  used  for  adulterating  the  more  expensive  farinaceous 
dietetic  preparations :  though  cheaper,  there  is  nothing  to  show  that  potato 
starch  is  less  nutritious  than  other  starches. 

Potatoes  require  to  be  cooked  before  being  eaten  :  this  may  be  done  by 

either  steaming,  boiling,  baking,  or  frymg. 
The  heat  coagulates  tlie  albuminous  juices, 
and   the  absorbed  water   SAvells  up  and 
distends  the  starch  gi-ains.     When  these 
changes  are  complete,  the  potato  is  said  to 
be  mealy  or  floury  :  when  these  changes  are 
only  partially  completed,  and  the  starch 
cells  imperfectly  broken  up  and  separated, 
the  potato  remains  more  or  less  firm,  and  is 
spoken  of  as  being  close,  waxy,  or  watery. 
The  potato  plant  is  sometimes  affected  with 
a  fungus — the  Phyiophera  infestans — wliich 
causes  the  disease  known  as  potato  murrain. 
This  can  readily  be  detected  by  the  micro- 
scope.  The  disease  commences  in  the  leaves 
of  the  plant,  and  thence  extends  to  the  stem  and  on  to  the  tubers.    On  the 
surface  of  the  latter,  brown  spots  make  their  appearance,  penetrate  the 
potato,  and  eventually  cause  it  to  rot  and  decay. 

The  quality  of  the  potato  is  usually  judged  by  its  size,  firmness,  and 
absence  of  fungus  disease. 

A  still  better  judgment  may  be  formed  by  taking  the  specific  gravity, 
and  using  the  foUowing  tables  Multiply  the  specific  gravity  by  the  factor 
opposite  it,  and  divide  by  1000  :  the  result  is  the  percentage  of  sohds  :— 


Fig.  48. 


Specific  gravity, 
between 
1061-1068 
1069-1074 
1075-1082 
1083-1104 


Factor. 

16 
18 
20 
22 


Specific  gravity, 
between 
1105-1109 
1110-1114 
1115-1119 
1120-1129 


Factor. 

24 
26 
27 
28 


If  the  starch  alone  is  to  be  determined,  deduct  7  from  the  factor,  and 
proceed  as  before;  the  result  is  the  percentage  of  starch. 
If  the  specific  gravity  of  the  potato  is— 


Below 

1068 

Between 

1068- 

-1082 

Between 

1082- 

-1105 

Above 

1105 

Above 

1110 

The  quality  is  very  bad. 

inferior. 
,,  rather  poor, 

good, 
be&t. 


As,  however,  the  medical  officer  will  seldom  have  an  hydrometer  which 
will  g  ve  so  high  a  specific  gravity,  and  must  work,  th^^f  f^^^ 
Tommon  urinometer,  the  following  plan  must  be  adopted  :-Take  a  sufficient 
quantity  of  water,  and  dissolve  in  it  I  an  ounce  or  an  ounce  of  salt  and 
?rke  the  specific  gravity  ;  then  add  another  \  ounce  or  ounce,  and  take  again 
tht  specifir^  avi^^^  two  or  three  times,  so  as  to  get  the  increase  of 

pec  fi  gravity  fo^r^ach  addition  of  a  known  quantity  of  salt  ;  then  add 
alt  enough  to  bring  up  the  specific  gravity  to  the  desired  amount.    This  is, 
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of  course,  not  quite  accurate,  but  in  the  absence  of  proper  instruments  it  is 
the  only  plan  that  seems  feasible. 

For  the  preservation  of  potatoes,  sugar,  in  the  form  of  molasses,  is  the 
best  plan  on  a  large  scale  ;  a  cask  is  filled  with  alternate  strata  of  molasses 
and  peeled  and  sliced  jootatoes.  On  a  small  scale,  boiling  the  potatoes  for  a 
few  minutes  will  keep  them  for  some  time.  Free  exposure  to  air,  turning 
the  potatoes  over,  and  at  once  removing  those  that  are  bad,  are  useful 
plans. 

The  preserved  potatoes  are  sliced,  dried,  and  granulated,  and  when  well 
prepared  are  extremely  useful. 

The  Sweet  Potato  and  the  Yam  are  somewhat  similar  to  the  ordinary 
potato,  and  form  good  substitutes  when  potatoes  cannot  be  obtained.  They 
are  very  rich  in  salts,  and  are  therefore  excellent  anti-scorbutics. 

As  judged  by  their  composition.  Beetroot  and  Jerusalem  artichoke  are 
closely  allied  to  the  potato,  but  as  foods  they  are  of  very  subsidiary  impor- 
tance. ■  The  relative  percentage  composition  of  these  vegetable  foods  is 
shown  below. 


Proteid. 

Fat. 

Carbo- 
hydrate. 

Salts. 

Cellu- 
lose. 

Water. 

Katio  of  nitro- 
genous to  non- 
nitrogenous 
food-stufifs. 

Potatoes, 
Beetroot, 

Jerusalem  artichoke, 

2-00 
1-15 
1-76 

0-16 
O'lO 
0-14 

21-00 
14-35 
16-29 

1-00 

0-  73 

1-  08 

0-70 

0-  91 

1-  49 

75-14 

82-76 
79-24 

1  is  to  11-43 
1    „  10-6 
1    „  10-8 

Young  unripe  potatoes,  and  also  those  which  have  been  kept  too  long 
and  are  sprouting,  contain  solanine,  especially  in  the  skin  and  in  the  shoots. 
Ripe  potatoes  which  have  reached  their  full  size  are  either  very  poor  in 
solanine,  or  totally  free  from  this  alkaloid.  There  is  reason  to  believe  that 
the  poisonous  character  of  solanine  in  potatoes  is  largely  exaggerated,  and 
that  the  diseases  of  cattle  ascribed  to  the  consumption  of  solaniferous  potato 
waste  from  distilleries  have  been  partly  infectious  diseases  and  partly  poison- 
ings from  ptomaines.  Potatoes  are  further  said  to  lose  the  chief  part  of 
their  solanine  by  boiling.  On  keeping,  there  ensues  in  the  potato  a  slow 
decrease  of  the  starch,  which  passes  temporarily  into  dextrin,  and  in  small 
'luantities  into  sugar.  Kramer  has  recently  described  a  bacillus,  nearly 
allied  to  the  B.  butyricus,  as  the  cause  of  the  wet-rot  in  potatoes.  If  the 
spoiled  parts  are  cut  away,  the  remainder  may  be  eaten  without  injury :  the 
decayed  part  tastes  and  smells  badly.  Frozen  potatoes  are  often  destroyed 
Ijy  putrefaction  after  thawing,  but  before  they  putrefy  they  are  not  hurtful 
to  health.  Tubers  bared  of  soil  become  dark  coloured  next  the  stem; 
their  pungent  taste  is  said  to  to  be  due  to  solanine. 


ARROWROOTS,  TAPIOCA,  AND  SAGO. 

The  arrowroots  are  obtained  from  various  sources.  Originally,  the  term 
arrowroot  was  applied  to  the  starch  from  the  tuber  or  rhizome  of  the 
Maranta  arundinacea,  because  that  root  was  supposed  to  have  the  power  of 
counteracting  the  effects  of  poisoned  arrows.  The  term  is  now  applied  to  a 
great  variety  of  starches,  but,  strictly  speaking,  should  be  limited  to  those 
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known  in  commerce  as  Canna,  Curcuma,  Maranta,  and  Tacca  arroAvroots. 
The  roots  of  the  plants  arc  dug  up  when  about  a  year  old,  washed,  and 
reduced  to  a  piilp.  This  is  repeatedly  washed,  passed  through  coarse  sieves 
to  sei)arate  the  fibres,  and  the  starch  allowed  to  settle,  which  again  Ls 
washed  and  dried.  When  finished  ready  for  exportation,  arrowroot  is  a 
white,  tasteless,  odourless  substance,  firm  to  the  feel,  and  producing,  on 
pressure,  a  slight  crackling  noise.  Arrowroot,  being  a  pure  starch,  has  no 
dietetic  value  beyond  that  peculiar  to  this  substance.  It  is  chiefly  used  as  a 
bland  article  of  food  for  invalids,  or,  in  an  ordinary  way,  as  blancmange, 
puddings,  and  biscuits. 

Maranta  arrowroot,  sometimes  spoken  of  as  Bermuda  arrowroot  (fig.  49), 
.  is  derived  from  the  Maranta  arundinacea,  a  plant  growing  in  Jamaica  and 

Bermuda.  It  is  judged  by  its  whiteness,  by  it» 
grains  being  aggregated  into  little  lumps,  and 
by  the  jelly  being  readily  made,  and  being 
firm,  colourless,  transparent,  and  good  tasted. 
The  jolly  remains  firm  for  three  or  four  days 
without  turning  thin  or  sour,  whereas  potato 
flour  jelly  in  twelve  hours  may  become  thin, 
and  acescent.  Under  the  microscope  the  starch 
grains  are  easily  identified.  They  are  slightly 
ovoid,  like  potato  starch,  but  have  a  mark  or 
line  at  the  larger  end  (the  hilum  of  the  potato 
starch  is  at  the  smaller  end) ;  the  concentric 
lines  are  well  marked.  The  most  common 
adulterations  are  sago,  tapioca,  and  potato  starch. 
AU  these  starch  grains  are  readily  detected  by  the  microscope. 

The  starch  grains  of  St  Vincent  arrowroot  have  the  same  character 
as  those  of  Bermuda  arrowroot,  and  it  is  almost  impossible  to  distinguish 
them. 

Curcuma  arrowroot  is  furnished  from  the  Curcuma  angusttfolia,  a  species 
of  turmeric  plant.    Its  starch  grains  under  the  microscope  are  large  and 


Fig.  49. 


Fig.  50. 


Fig.  51. 


oblonc'  (fig.  50),  marked  with  very  distinct  concentric  lines,  wluc  i, 
however,  in  the  majority  of  cases,  are  not  complete  circles.  The  hilura 
is  often  indistinct  and  always  at  the  smaller  end.  _  ^  . 

Tacca  arrowroot  is  obtained  from  the  Tacca  oceamra,  g^owmg  ^ 
Its  granules  are  truncated,  or  wedge-shaped  at  one  end.  Their 
indistinct  with  a  more  or  less  circular  hilum.    These  starch  giains  are 
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practically  indistinguishable  from  those  of  Rio  arrowroot  (fig.  51)  obtained 
from  Jatropha  manihot  or  Cassava  growing  in  the  Brazils.  It  is  from  the 
finest  part  of  the  pith  of  this  plant  that  commercial  tapioca  is  made. 
Tapioca  is  often  adidterated  with  potato  starch  and  sago,  both  of  which  are 
easily  detected  by  the  microscope. 

Canna  arrowroot  or  "  Tons  les  Mois"  (fig.  52)  is  furnished  by  the  Canna 
edulis,  a  native  of  the  West  Indies.  Its  starch  grains  are  very  like  those  of 
potato,  but  they  are  much  larger,  flatter,  and  have  more  definite  striae. 
The  hilum  is  at  the  smaller  end  of  the  grain. 

Sago  is  derived  from  the  sago  palm,  Sagus  farinifera,  but  some  inferior 
kinds  are  obtained  from  the  Gycas  circinalis.  The  starch  grains  are  very 
similar  to  those  of  tapioca,  but  larger  (fig.  53). 

Granulated  sago  is  either  "common  "  or  "  pearl "  ;  the  latter  is  chiefly  used 
in  hospitals.  The  starch  is  soluble  in  cold  as  well  as  in  hot  water.  The 
starch  grains  are  elongated,  roimder  at  the  larger  end,  and  compressed  at 
the  other ;  and  hence  their  shape  is  quite  difierent  from  the  potato  starch. 
The  hilum  is  a  point,  or  more  often  a  cross,  slit,  or  star,  and  is  seated  at  the 
smaller  end,  whereas  in  Maranta  arrowroot  the  hilum  is  at  the  larger  end. 
Rings  are  more  or  less  clearly  seen. 


Fig.  52.  Fig.  53. 


In  the  market  is  a  factitious  sago  made  of  potato  flour.  This  is  some- 
times coloured  red  or  brownish,  either  from  cochineal  or  sugar.  In  thirty 
specimens  Hassall  found  five  to  be  factitious.  The  microscope  easily  detects 
potato  starch. 

Under  the  name  of  British  arrowroot  or  "  Farina,"  potato  starch  is  sold 
in  the  market,  so  white  and  crackling,  and  making  so  good  a  jelly,  that  it 
is  not  always  easy  to  distinguish  it  from  Manihot.  The  microscope  at  once 
detects  it.  The  pear-shaped  grains,  marked  hilum  towclrds  the  smaller  end, 
and  the  swelling  with  weak  liquor  potassae,  render  a  mistake  impossible. 
In  making  the  jelly  a  much  larger  quantity  is  required  than  of  Maranta 
arrowroot.  Maranta  arundinacea,  mixed  with  twice  its  weight  of  hydro- 
chloric acid,  produces  a  white  opaque  paste,  whereas  potato  starch  treated 
similarly  produces  a  transparent  acid  jelly-like  paste.  ; 

As  it  is  sometimes  difficult  to  remember  the  characters  of  the  different 
forms  of  starch,  their  microscopical  difl"erentiation  may,  to  a  certain  extent, 
be  facilitated  by  a  tabulated  arrangement  such  as  the  following : — 
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I.  Starches 
free  in  tlie  cell 

General  Characters. 


with  isolated  smooth  or  ijiifaceted  grains,  being  originally 
cavity. 


Particular  Characters. 


f  Form. 


Hilum. 


f  Grains  large. 
Hilum  at 
the  small 
end. 


A. — Contour 
ovoid. 

Hilum 
eccentric. 


B. — Contour 
oval, 


Grains  me- 
j  dium  .sized. 
I    Hilum  at 
I    the  larger 
I  end. 

(  Hilum 
J  longitudinal, 
I  linear 
L  lateral. 


C. — Contour 
round. 


Hilum 
central. 


Form. 

Outline  even. 
Continuous 
rings,  oblique, 
including  more 
than  half  the 
grain. 

0 11 1 1  i  n  e  even. 
Continuous 
rings,  nearly 
transverse,  in- 
cluding less  than 
half  the  grain. 

Outline  uneven, 
often  with  beak- 
like  projections. 

Outline  more 
even,  beak  less 
frequently  seen. 

Grains  often  broad 
and  reniform. 

1  Grains  narrower 
I  and  more  uni- 
L  form. 


Form  lenticular. 


LForm  spherical. 


Hihim. 
Hilum  distinct. 


Hilum  distinct. 


Hilum  indistinct. 

Hilum,  slit-like, 
triradial  or  cru- 
cial. 

JKZwmsimilar,  but 
less  apparent. 

Hilum  cleft-like, 
puckered,  irregr 
ular. 

Hilum  less  puck- 
ered and  more 
regular, 
f  Surfaceconvex  at 
the  hilum. 
Grains  large  and 
minute  only. 
\  Surface  depressed 
at  the  hilum. 
Grains  large, 
medium  -  sized, 
L    and  minute. 
Hilum  often 
deeply  fissured, 
star-like. 


Name. 

Potato  ;  Brit- 
ish arrow- 
root. 


Tous-les-Mois 
( Canna ) 
an'owroot. 

Curcuma  ar- 
rowroot. 
Bermuda 
{Maranta) 
arrowroot. 
St  Vincent 
arrowroot. 

Bean  starch. 


Pea  starch. 
Wheatstarch. 

Rarleystarch, 
Rye  starch. 


II. 
cavity. 

r 


starches  with  the  grains  faceted  by  original  juxtaposition  in  the  cell 
Hilum  central. 

/"Grains  very  large,  with 
a    central    sinus  or 
cavernous  antrum. 
(Rings,  sinuous,  ir- 
regular.) 
Grains  small. 

(Sago  in  miniature.) 
Grains  small. 

Like  Tapioca  with- 
out preparation.) 
Grains  small. 

(Discoidal  with  fa- 


A. — Often  presenting  the 
rounded  free  surface  of 
grains  originally  super- 
ficial in  the  cluster. 


f  Hilum  of- 
ten caver- 
nous. 


Hilum  stel- 
late. 


Hihivi  stel- 
late. 


Sago, 


Tapioca. 

Rio  arrow- 
root. 

Maize. 


B. — Altogether  faceted.  { 


Hilum  in- 
conspicu- 
ous. 


Grains 
minute. 


ceted  margin). 

In  rounded  Oats, 
glomeruli  or 
compound 
grains,  and 
\  IVee  in  the 
cells. 

CI  osely  packed  Rice, 
in  the  cells 
I    and  fixed. 
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■  SUGAR 

There  are  two  chief  varieties  of  sugar  now  found  in  the  market,  namely, 
•agar  from  the  sugar-cane,  Sacchanim  officinarum,  and  beet-sugar  from  the 
Beta  vulgaris.  ■ 

Cane-sugar  is  either  white  or  brown.  The  Avhite  cane-sugar  contains, 
per  cent.,  93'33  of  saccharose,  1*78  of  dextrose,  0"35  of  proteid,  0"30  of 
^um,  0*9 1  of  so-called  extractives,  0'76  of  salts,  and  2 '16  of  water.  Brown 
■  agar  contains  more  water  than  the  white,  the  amount  varying  from  4  per 
cent,  in  the  better  kinds  to  10  per  cent,  in  the  coarser  varieties.  Its  colour 
is  due  to  invert  sugar,  of  which  there  is  4  or  5  per  cent,  present. 

Beet-sugar  contains,  in  100  parts,  94"5  of  saccharose,  0'18  of  invert 
sugar,  1'93  of  water,  and  3'37  of  extractives,  gums,  and  vegetable  acids. 

Honey  differs  from  ordinary  sugar  in  containing  more  dextrose  and 
IffiTOlose  than  saccharose.  Its  precise  comj^osition  varies  very  much,  but, 
as  an  average,  it  may  be  said  to  have,  in  100  parts,  72'88  of  invert  sugar 
(Isevulose  38-65,  dextrose  34-23),  0-22  of  dextrine,  1-76  of  saccharose,  0-71 
(>f  wax,  0*76  of  proteid,  2-82  of  non-saccharine  substances,  0-25  of  ash, 

0  028  of  phosphoric  acid,  and  20-6  parts  of  water.  Honey  is  often 
adulterated  with  cane-sugar,  or  with  sugar  made  from  starch  and  with  inert 
matter  (Martin).   The  total  invert  sugar  niay  be  as  high  as  80  per  cent.,  or  as 

'W  as  64,  but  the  Isevulose  is  always  in  greater  proportion  than  the  dextrose. 
Examination  of  Sugar. — Sugar  should  be  more  or  less  white,  crystalline, 
not  evidently  moist  to  the  touch,  and  should  dissolve  entirely  in  water,  or 
leave  merely  small  fragments,  which,  on  examination  with  the  microscope, 
■vill  often  be  found  to  be  bits  of  cane.    The  whiter  the  sample,  the  less 
suaUy  is   the   percentage   of  water.    The   unpurified   sugars  contain 
itrogenous  matters  which  decompose,  and  a  sort  of  fermentation  occurs. 

1  he  sugar-mite  is  often  found  in  such  sugar,  while  fungi  are  very  frequently 
present.  The  actual  amount  of  sugar  present  in  a  sample  may  be  con- 
veniently estimated  by  dissolving  5  grammes  in  distiUed  water  and  making 
lip  to  100  c.c.  Of  this  solution,  10  c.c.  are  diluted  to  100  c.c.  with  water 
itid  from  1  to  2  c.c.  of  hydrochloric  acid  added.  Boil  away  one-third  of 
the  volume,  cool,  neutralise  with  sodium  carbonate,  and  then  make  up  to 
m-iginal  bulk  of  100  c.c.  Titrate  some  of  the  copper  solution,  as  used  for 
lactose  (page  337),  with  this  solution  of  inverted  sugar  and  calculate  out  as 

percentage  of  cane-sugar:  each  c.c.  of  the  copper  solution  equalling  5 

lilligrammes  of  inverted  sugar. 
Saccharin. — In  this  place  it  is  convenient  to  mention  saccharin 
(orthobenzoic  sulphinide)  which  has  appeared  in  the  trade  as  a  white 
inodorous  powder,  three  hundred  times  as  sweet  as  cane-sugar.  Pure 
saccharin  is  sparingly  soluble  (1  in  260)  with  a  faint  acid  reaction,  but 
lately  an  alkaline  salt  has  been  introduced  which  is  more  readily  dissolved. 
Its  taste  is  slightly  aromatic,  and  its  after-taste  irritating  only  when  the 
I'owder  itself,  or  a  concentrated  solution,  is  tasted:  dilute  solutions  have  a 
I'urely  sweet  flavour.  Saccharin  is  recommended  as  a  substitute  for  cane- 
'Jigar.    As  2  grains  of  saccharin  suffice  to  give  1000  grains  of  starch  sugar 

he  same  sweetening  power  as  that  of  1000  grains  of  cane-sugar,  it  is  likely 
nat  substitutions  of  a  cheaper  for  a  more  expensive  material  will  be 
ittempted  in  tliis  direction. 

The  detection  of  saccharin  may  be  eff"ected  by  extracting  the  dried  sub- 
itance  with  anhydrous  ether :  if  the  evaporated  residue  have  a  sweet  taste, 
saccharin  is  present,  all  sugars  and  also  glycerine  being  insoluble  in  ether. 
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According  to  the  experiments  of  all  observers,  saccharin  is  non-poisonous, 
even  in  continuously  large  doses ;  but  since  it  has  no  nutritive  value,  its 
substitution  for  a  carbo-hydrate  reduces  nutritive  value.  A  sul)stitution  of 
pure  starch-sugar,  sweetened  up  with  saccharin  for  an  equal  weight  of  cane- 
sugar,  cannot  be  regarded,  physiologically  speaking,  as  an  injury.  If  the 
use  of  saccharin  is  thus  hygienically  unobjectionable,  a  declaration  of  its 
presence  should  be  unconditionally  demanded.  The  antiseptic  and  anti- 
zymotic  properties  of  saccharin  have  no  practical  value. 


SUCCULENT  VEGETABLES  AND  FRUITS. 


This  class  of  vegetable  foods  contains  articles  of  diet  which  supply  water, 
vegetable  acids,  and  salts  to  the  body.  Their  chief  value  depends  upon 
their  anti-scorbutic  properties,  as  their  absence  for  any  lengthened  period 
from  a  diet  leads  to  the  production  of  scurvy.  To  all  succulent  vegetables, 
common  salt  is  added  in  cooking ;  and  to  some,  butter  is  a  valuable  addition. 
The  fruits  are  rich  in  water,  vegetable  acids,  and  salts  of  the  organic  acids : 
they  are  eminently  anti-scorbutic,  especially  the  lemon.  Some,  like  the 
cocoa-nut,  are  rich  in  oil,  while  others,  like  the  banana,  contain  large 
quantities  of  sugar.  Except  for  their  anti-scorbutic  properties,  and  their 
pleasant  taste,  the  fruits  are  quite  subsidiary  as  articles  of  diet.  The  per- 
centage composition  of  some  ordinary  vegetables  and  fruits  is  given  in  the 


following  table : — 


Water. 


Cabbage, 
Carrots, 
Cauliflower,  , 
Celery, . 
Lettuce, 
Spinach, 
Turnips, 
Rhubarb, 
Apples, 
Dates,  . 
Gooseberries, 
Figs,  . 


Pro- 
teids. 


85-  50 

87-  80 
90-89 
93-30 
96-00 

88-  47 
90-78 
95-10 
83-00 
20-80 

86-  00 
17-50 


5-  00 

1-  00 

2-  48 
1-20 

0-  70 

3-  49 

1-  18 
0-90 
0-40 

6-  60 
0-40 
6-10 


Fat. 


Starch. 


Glucose. 


0-50 
0-20 
0-34 

o"20 
0-58 
0-22 


0-20 

o-bo 


7-80 
9-60 

3-  34 
1-60 
1-00 

4-  34 

5-  89 


3-00 


0-  40 

1-  21 

2-  20 

0-10 

2-10 

6-  80 
54-00 

7-  00 
57-50 


CeUu- 
lose. 


Salts. 


0-91 
0-90 
0-50 

0-  93 

1-  13 

1-  10 
3-20 
5-50 

2-  70 
7-30 


1-20 
1-00 
0-83 

0-  80 

1-  00 

2-  09 
0-80 
0-50 

0-  40 

1-  60 
0-50 

2-  30 


Malic 
Acid. 


Oxalic 
Acid. 


1-00 


Pectose 

and 
Gum. 


0-30 


Citric 
Acid. 


5-20  i  . 
12-30  1  . 
1-90  1 
5-40  1  . 
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Vegetables  scarcely  require  any  very  critical  hygienic  examination  :  if 
they  have  become  too  old  and  woody,  they  are  inferior  in  nutritive  value, 
and  are  imperfectly  digested :  stale  vegetables  are  equaUy  inferior  m  value 
and  far  from  appetising.  If  vegetables  are  watered  with  sewage  or  drainage 
containing  the  ova  of  the  Toenue-,  the  latter  may  find  their  way  into  man, 
and  grow  up  to  cysticerci :  pathogenic  bacteria  may  possibly  be  introduced 
in  the  same  way ;  in  fact,  there  is  reason  to  believe  that  in  this  matter 
watercress,  growing  in  sewage-polluted  streams,  has  been  on  several  occasions 
the  source  of  enteric  fever  outbreaks.  _  , 

According  to  Lominsky,  various  bacteria  penetrate  into  the  roots  oi 
young  plants  but  do  not  increase  there.  Some  pathogenic  species,  if  inocu- 
lated into  living  leaves,  are  said  not  merely  to  maintain  themselves,  bui; 
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veil  to  multiply.  These  observations,  however,  require  verification.  De 
1  ,oos  has  recorded  a  remarkable  instance  of  lead  poisoning  from  vegetables 
r  ing  grown  upon  soil  over  some  disused  white- lead  works.  He  states  that 
■.50  grammes  of  turnips  had  absorbed  10  milligrammes  of  lead,  six  carrots 
17  milligrammes;  and  four  lettuces  had  taken  up  as  much  as  130  milli- 

rammes  of  lead. 

Frequently  cases  of  poisoning  arise  from  mistakes  as  to  the  identity  of 
\  egetable  species.  Thus  fool's  parsley  [JEtliusa  cynainum)  is  mistaken  for 
rue  parsley,  water  hemlock  (Cicuta  virosa)  for  celery,  and  CEnantlie  crocata 
or  carrot. 

Dried  vegetables  are  now  produced  of  excellent  quality,  and  when 
roperly  prepared  taste  as  if  fresh.  They  appear  to  present  no  special 
oints  for  hygienic  criticism. 

Unripe  fruit,  rich  in  cellulose,  acids,  and  in  tannin,  but  poor  in  sugar, 
iften  occasions  intestinal  catarrh.    The  popular  characteristics  of  ripeness 
Iiould  suffice  for  an  experienced  observer.    For  stone  fruits  and  berries, 
e  colour,  consistence,  and  taste  should  be  noted :  in  the  case  of  seed  fruits, 
such  as  apples  and  pears,  it  is  advisable  to  examine  whether  the  pips  have 
:iaken  a  brown  colour.    Mouldy  fruit  should  invariably  be  rejected.  Dried 
rruits  often  require  examining  for  dirt,  sand,  mould,  and  mites.    In  some 
sppecimens  of  American  tinned  fruit  a  small  proportion  of  zinc  has  been 
[detected. 

Among  the  fruit  juices,  currant  and  cherry  juice  are  of  less  interest  than 
raspberry.  The  juices  are  attempted  to  be  obtained  from  the  pressed  and 
sweetened  fruits  partly  by  boiling,  and  partly  by  fermentation.  Frequently 
l:he  colour  suffers  by  unsuitable  preparation  or  preservation,  and  is  artifici- 
iliUy  heightened  by  vegetable  colours,  such  as  that  from  infusions  of  the 
ideld  popjDy  or  more  commonly  by  means  of  aniline  dyes.  There  is  no 
ibbjection  to  the  use  of  these  latter  if  employed  in  small  quantities  and  pro- 
irided  they  are  free  from  arsenic  and  other  impurities. 

Mushrooms  and  the  fungi  generally,  in  spite  of  the  high  percentage  of 
liiitrogen  in  their  solids,  do  not  rank  higher  in  nutritive  value  than  the 
iinajority  of  vegetables.  Like  the  latter,  they  yield  an  edible  food  only  in 
presence  of  much  water ;  their  nitrogen  is  largely  referable  to  worthless 
nmido-compounds,  while  the  utilisation  of  their  albumin  is  imperfect. 

There  are  no  general  characters  for  the  recognition  of  edible  fungi.  It 
must  be  borne  in  mind  that  the  virulence  of  many  poisonous  kinds  varies' 
r-ccording  to  the  year  and  locality.  It  is  obvious  that  of  the  kinds  known 
s5  wholesome,  only  such  specimens  must  be  gathered  as  are  fresh,  not 
decayed  or  damaged  by  rain.  All  mushrooms  must  be  carefully  cleaned 
wefore  use.  It  is  not  advisable  to  preserve  portions  of  dishes  of  mushrooms 
frhich  have  not  been  consumed.  The  use  of  dried  mushrooms  is  as  far  as 
possible  to  be  avoided  :  the  species  are  seldom  correctly  determined,  and 
ihey  are  often  imperfectly  cleaned,  dusty  and  perforated  by  insects. 

PREPARED  CONCENTRATED  AND  PRESER^^D  FOODS. 

This  is  a  very  important  subject,  but  one  upon  which  considerable  mis- 
conception exists,  oAving  to  a  confusion  of  ideas  between  concentration  and 
^reservation.  It  is  obvious  how  important  it  must  be  in  time  of  var  to 
nave  a  food  which  may  be  at  once  nutritious,  portable,  easily  cooked,  and 
not  Hable  to  deterioration.  In  this  connection,  however,  it  must  be 
■lemembered  that  a  man  must  get  his  260  to  300  or  even  350  grains  of 
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nitrogen,  and  8  to  12  ounces  of  carbon,  in  each  twenty-four  hours,  besides 
some  hydrogen  and  salts.  The  work  of  tlie  body  when  in  activity  cannot 
be  carried  on  with  less  ;  and  at  present  these  elements  cannot  be  presented 
to  us  in  a  digestible  form  in  a  smaller  })ulk  than  22  or  23  water-free  ounces. 
Concentration  at  present  cannot  be  carried  beyond  this,  and  practically  has 
■  not  really  been  carried  to  this  point.  Life,  however,  and  vigour  may  for 
some  days  be  preserved  with  a  much  less  amount ;  and  the  total  amount  of 
food  has  been  reduced  to  11  water-free  ounces  daily,  with  full  retention  of 
strength  for  seven  days,  though  the  body  was  constantly  losing  weight. 
For  expeditions  of  three  or  four  days,  if  transport  were  a  matter  of  great 
difficulty,  soldiers  might  be  kept  on  from  10  to  12  ounces  of  water-free  food 
daily,  provided  they  had  been  fully  fed  beforehand,  and  subsequently  had  time 
and  food  to  make  up  the  tissues  of  their  own  bodies,  which  would  be  expended 
in  the  time,  and  would  not  have  been  replaced  by  the  insufficient  food. 

When  we  inquire  into  the  concentrated  foods  now  in  the  market,  some 
of  which  profess  to  supply  all  the  substances  necessary  for  nutrition,  we 
find  many  of  them  not  very  satisfactory.  They  are  often  not  so  concen- 
trated as  they  might  be,  or  are  deficient  in  important  principles,  or  are 
disagreeable  to  the  taste.  The  truth  is,  we  cannot  so  concentrate  food- 
stuffs down  to  a  portable  or  convenient  size,  and  at  the  same  time  obtain 
from  them  the  full  nutritive  value  of  the  original  or  fresh  articles.  Recog- 
nising this  fact,  it  is  better  to  divide  all  the  so-called  concentrated  and 
preserved  foods  into  (1)  those  which  are  really  prepared  as  emergency 
rations,  aiming  at  supplying  more  or  less  of  the  daily  needs  of  the  body  in 
a  minimum  bulk,  and  (2)  those  which  are  essentially  preserved  food-stuffs. 

Prepared  Emergency  Foods  or  Eations. — These  naturally  afford  the 
greatest  interest  to  the  soldier,  sailor,  hunter,  and  explorer,  or  other  persons 
engaged  upon  expeditions  where  ordinary  articles  of  food  are  difficult  to 
obtain,  and  when  circumstances  of  transport  render  the  use  of  easily  cooked, 
compact  and  portable  substances  absolutely  necessary.  Foods  of  this  kind 
Constitute  the  so-called  "iron"  or  "eiserne"  ration  of  the  Germans  and 
other  armies;  by  which  allowance  is  understood  those  aliments  given  to 
each  soldier  in  the  field  for  emergencies.  IS'Iany  different  preparations  have 
been  recommended  for  this  purpose,  and  among  them  we  may  include  the 
various  Erbswursts  and  pea-sausages,  the  meat  powders,  meat  biscuits,  con- 
centrated soups,  meat  extracts,  and  different  compound  rations  made  up  of 
two  or  more  preserved  food-stuffs. 

The  original  Erbswrst  of  the  Germans  was  a  sausage  of  pease  with 
bacon  fat.  JSTumerous  preparations  of  this  kind  are  now  in  the  market; 
they  consist  in  the  main  of  powdered  pease  with  bacon  or  beef  fat  and 
condiments,  the  whole  being  enclosed  in  a  waterproof  cover,  and  then  issued 
as  a  sausage  or  packet.  Some  few  also  contain  powdered  beef.  The 
nutritive  value  of  the  several  kinds  is  given  in  the  table  which  foUoAvs. 
Erbswurst  soon  becomes  distasteful,  causing  digestive  derangements  from  its 
excess  of  fat ;  it  at  the  same  time  lacks  the  sustaining  qualities  of  fresh  meat. 

The  pea-soup  tablets  of  Neumann  are  made  of  meat  juice  with  pea  flour. 
Their  relatively  high  amount  of  salts  is  said  to  be  due  to  sodium  chloride. 
It  would  be  necessary  to  take  21  ounces  of  this  preparation  to  get  the 
proper  quantity  of  proteid,  yet  with  that  one  would  obtain  only  0-6  ounce  of 
fat,  which  is  absolutely  insufficient.  A  similar  defect  is  present  in  the  pease 
and  haricot  cakes  of  'Schorke,  and  the  meat  cakes  of  Konig  of  I^Iayence. 
Rumford's  ration  contains  pieces  of  meat  with  flour,  pearl  barley,  and  salt. 
Like  Schorke's  preparations,  it  does  not  constitute  a  complete  aliment. 
Edward's  desiccated  soup  was  Avell  spoken  of  in  our  own  army  during 
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several  Ccaiupaigns.  It  consists  of  a  mixture  of  beef  and  vegetables,  and  is 
easily  prepared  by  boiling  an  ounce  in  a  pint  of  water. 

Allusion  may  here  be  made  to  "panole,"  which  is  a  preparation  made  of 
i;round  parched  Indian  corn  3  parts,  and  sugar  1  part.  It  has  been  largely 
ised  in  the  expeditions  on  the  south-west  frontier  of  the  United  States,  and 
lias  a  high  reputation  in  the  American  army. 

An  English  and  at  the  same  time  a  very  good  preparation  is  Morel's  field 
ration,  sold  as  a  sausage,  weighing  18  ounces.  Equally  good  articles  are 
Moir's  sausage  and  Corbin's  pea  and  lentil  j)astes.  In  all  this  class  of  pre- 
pared or  emergency  rations,  we  find  a  marked  excess  of  fats  and  carbo- 
iivdrates.  The  salts  are  variable,  though  in  all  cases  much  in  excess  of  the 
meat  quantities.  Although  these  preparations  yield  the  ahmentary  elements 
if  a  complete  food,  yet  they  are  in  such  proportion  as  only  to  serve  as  food 
:or  a  limited  time.  Further,  in  most  of  them  the  albumin  is  vegetable, 
'oing  derived  from  peas  and  beans.  It  is  true  the  chemical  values  of  animal 
ind  vegetable  albumin  are  the  same,  yet  experience  shows  the  former  to  be 
.  ery  much  more  easily  and  completely  assimilable  than  the  latter. 

Another  class  of  preparations  includes  the  various  meat  cakes  and  meat 
■iscuits  ;  in  them  the  proteids  are  mainly  derived  from  animal  sources  and  not 
rem  the  legumes.   The  meat  is  dried  and  finely  powdered,  and  represents  in 
lutritive  value  about  four  times  its  weight  of  ordinary  meat  with  bone.  In 
England,  the  chief  meat  powder  is  Johnson's,  which  makes  an  excellent  soup. 
Fii  Germany,  Hoffman's  meat  powder  is  weU  spoken  of,  especially  when 
iiade  up  into  different  kinds  of  cake  or  biscuit,  with  either  beans,  rice, 
liarley  meal,  Avheat  flour,  or  potatoes.    In  100  parts  this  meat  powder  con- 
tains 73  of  albumin,  7  of  salts,  10  of  water,  and  1  of  hydrocliloric  acid. 
1  Hoffman's  meat  cakes  are  agi-eeable,  portable,  and  very  easily  cooked.  If 
c  consumed  for  many  days  together,  the  digestion  becomes  disturbed  and  the 
i  appetite  fails.    Taken  with  biscuits,  they  have  been  largely  used  and  tried 
i  in  the  United  States  army,  but  not  received  with  sufficient  favour  to 
\  warrant  their  regular  issue.    Erdmann's  meat  powder  is  similar  to  other 
[  preparations  of  this  kind. 

The  majority  of  meat  biscuits  now  in  the  market  are  as  a  rule  nothing 
I  more  than  meat  powders  mixed  with  flour  and  water.  Owing  to  the  extreme 
\  heat  to  which  they  are  exposed  in  baking,  the  meat  in  them  is  usually 
r  rendered  valueless.  A  large  number  of  them,  from  time  to  time,  have  come 
I  imder  notice  at  Netley,  but  the  greater  number  have  failed  to  present  any 
1  very  distinctive  points  of  merit.  The  French  speak  higlily  of  a  meat  cake 
[  prepared  by  Scherer-Kestner,  who,  by  the  admixture  of  pepsin,  really  obtains 
t  the  formation  of  a  digestible  biscuit.  Analogous  to  this  of  Kestner's,  there 
c  exists  in  Germany  a  biscuit  made  by  Schill,  in  which  the  water  is  replaced 
\  by  defibrinated  blood.  According  to  Heidlesheim  and  A^oit,  this  contains 
:  26  per  cent,  of  proteid  and  only  2-5  per  cent,  of  fats;  but  beyond  being 
!  highly  assimilable,  it  is  not  of  much  use  as  a  prepared  food.  Another  food 
I  is  "  Courousa  "  made  by  Jacquier  of  Nantes,  and  which  has  been  tried  in  the 
1  Russian  army.  Each  ration  of  it  weighs  12-75  ounces,  and  is  supposed  to 
•  contain  elements  for  a  day's  nourishment.  Experience  shows  its  qualities 
t  to  be  indifferent.  The  Russian  Government  prepares  and  issues  to  its  troops 
1  a  variety  of  prepared  foods  or  rations  similar  to  the  meat  cakes  of  Hoffmann, 
1  already  noticed.  They  consist  mainly  of  finely  powdered  meat  mixed  with 
barley  or  peas,  or  oat-meal,  or  cabbage,  or  potatoes  and  mushrooms.  They 
I  are  favourably  spoken  of  in  the  Russian  army,  being  issued  in  daily  ration's 
of  25  ounces.  They  are,  however,  admitted  to  be  diflacult  of  digestion  and 
;  probably  very  unsuited  for  Western  nations.    A  special  preparation,  made 
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by  Grouvel  of  Paris,  was  largely  tried  hy  the  French  War  Office  a  few 
years  ago  ;  1 1  ounces  being  said  to  afford  a  day's  aliment.  Its  composition 
was  roughly  20  parts  of  beef,  48  parts  of  pea-flour,  20  parts  of  fat,  and  12 
parts  of  condiment.  Although  it  ap^jeared  to  be  considerably  superior  to  the 
Erbswursts  and  German  pea-sausage,  its  general  utility  was  not  manifest. 

The  concentrated  soups  and  meat  extracts  date  from  the  introduction  of 
Liebig's  well-known  preparation.  Numerous  articles  of  this  kind  are  now 
in  the  market,  notably  those  of  Brand,  Kemmerich,  and  otliers,  which  exist 
chiefly  in  the  form  of  fluid  meats,  essences,  extracts,  &c.  Tliese,  from  their 
composition,  are  not  capable  of  replacing  a  true  alimentary  substance,  nor 
even  are  they  the  representation  of  the  least  quantity  of  meat,  either  roast 
or  boiled.  They  are  merely  the  juices  of  meat,  not  the  meat  itself.  An 
extraordinary  large  number  of  these  meat  extracts  are  now  in  the  market, 
but  it  is  only  too  probable  that  many  of  them  are  not  true  meat  extracts, 
but  artificial  substitutes.  A  good  meat  extract  should  have  less  than  20 
per  cent,  of  water  :  it  should  contain  almost  25  per  cent,  of  its  Aveight  of 
mineral  meat  salts,  one  quarter  of  Avhich  should  be  phosphoric  acid  in 
combination  with  potash,  not  with  lime :  it  should,  when  dissolved  in  warm 
water,  yield  but  an  insignificant  precipitate  on  the  addition  of  double  the 
amount  of  alcohol :  it  should  be  solid  or  nearly  so,  free  from  all  excremen- 
titious  odour  and  from  a  burnt  flavour.  Experiments  indicate  that  diets 
composed  exclusively  of  meat  extracts  kill  animals  more  quickly  than 
total  deprivation  of  food  :  these  preparations  are  not,  however,  quite  without 
alimentary  value.  They  act  as  stimulants,  food  regulators,  and  digestive 
agents,  rather  than  as  providers  of  nitrogenous  matter.  It  would  be  a  fatal 
mistake  to  use  these  extracts,  deluded  by  their  portability,  and  with  the 
idea  that  they  in  small  compass  contained  considerable  reparative  materials  : 
they  are  essentially  alimentary  aids  and  not  true  foods.  If  used  solely 
in  that  sense,  they  can  be  turned  to  very  good  account  as  stimulants  during 
and  after  very  great  exertion.  A  number  of  condensed  soups  are  now  made 
mixed  with  vegetables;  these,  if  used  with  biscuits  or  bread,  constitute 
articles  of  considerable  value  for  use  in  times  of  emergency,  and  when  tlie 
more  ordinary  aliments  are  not  available. 

Of  all  the  prepared  foods,  the  army  rations  made  by  Moir,  ^ilaconochie, 
and  other  makers  appear  best  to  conform  to  the  ideal  type  of  an  emergency 
ration.  They  exist  in  several  varieties,  consisting  of  mixtures  of  either  beef 
or  mutton  with  potatoes,  carrots,  onions,  beans,  gravy,  and  pickles.  Some 
also  contain  bacon  fat  and  brawn,  the  whole  being  cooked  and  contained  in 
hermetically  sealed  tins  of  small  size,  and  may  be  eaten  either  cold  or  warmed 
up.  " Maconochie's  patent  army  ration"  consists  of  f  lb  meat  and  h  lt> 
vegetables  and  gravy  put  up  in  a  tin,  gross  weight  1  lb  13  ounces.  The 
present  "emergency  ration"  for  use  on  active  service  consists  of  a  small  tin 
cylinder  divided  into  two  compartments  and  weighing  12  ounces.  Both 
compartments  are  equal  in  size :  one  contains  4  ounces  of  concentrated  beef 
(Pemmican),  and  the  other  5  ounces  of  cocoa  paste.  These  preparations 
can  be  eaten  in  their  semi-solid  form,  or  they  can  be  made  into  four  pints  of 
soup  and  four  pints  of  cocoa. 

The  accompanying  table  gives  the  percentage  composition  of  some  of 
the  prepared  foods  just  considered ;  but  it  must  be  borne  in  mind,  when 
judging  the  merits  or  demerits  of  this  class  of  aliment,  that  not  only  must 
their  nutritive  value  be  taken  into  account,  but  also  their  portability,  dura- 
bility, palatableness,  and  readiness  for  cooking.  On  the  whole,  it  must  be 
confessed  tlaat  this  question  of  preparing  emergency  foods  has  not  been  yet 
satisfactorily  solved  ;  much  remains  still  to  be  accompMslied 
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Percentage  Composition  of  some  Preserved  and  Prepared  Foods. 
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Preserved  Foods. — Speaking  generally,  the  methods  employed  to  pre- 
serve food-stufFs  are  based  upon  one  or  more  of  the  following  jDlans  : — 1. 
Freezing  or  refrigerating.  2.  Salting,  and  the  use  of  various  chemipal  agents. 
3.  Drying.    4.  The  exclusion  of  air,  and  hermetically  sealing  in  tin  cases. 

The  employment  of  freezing  and  refrigerating  is  now  extensively  applied 
to  the  preservation  of  meat  during  long  voyages  from  the  Colonies  and 
South  America,  the  carcasses  reaching  this  country  in  excellent  condition ; 
but  the  method  is  hardly  applicable  for  the  preservation  of  meat  in  the  sense 
m  which  meat  is  understood  to  be  preserved  in  this  section. 

Salting  of  meat  is  a  well-known  form  of  preserving.    Owing  to  the  great 
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loss  of  the  nutritive  qualities,  which  meat  suffers  in  the  process,  the  use  of 
salted  meat  to  any  extent  is  not  to  be  recommended.  Besides  salt,  all 
kinds  of  chemical  agents  have  been  tried  as  food  preservers,  more  particularly 
boracic  and  salicylic  acids,  together  with  coatings  of  fat,  glucose,  and  gelatine. 

Meat  is  also  preserved  in  tin  cases,  either  simply  by  the  complete 
exclusion  of  air  (Appert's  process)  or  by  partly  excluding  air  and  destroying 
the  oxygen  of  the  remaining  part  by  sodium  sulphite  (M 'Call's  process).  It 
is  not  necessary  to  raise  the  heat  so  high  in  tliis  case,  and  the  meat  is  less 
sapid.  Meat  prepared  in  either  way  has,  it  is  said,  given  rise  to  diarrhoea, 
but  this  is  simply  from  bad  preparation  ;  when  well  manufactured  it  has  not 
this  effect. 

Meat  is  also  preserved  by  drawing  olf  the  air  from  the  case,  and  sub- 
stituting nitrogen  and  a  little  sulphur  dioxide  (Jones  and  Trevithick's 
patent),  or  the  air  can  be  heated  to  400°  or  500°,  so  as  to  kill  aU  germs 
(Pasteur),  and  then  allowed  to  flow  into  an  exhausted  flask. 

Tins  of  preserved  meat,  &c.,  are  considered  unfit  to  be  received  from 
contractors — (1)  when  perforated  by  nails;  (2)  when  there  are  any  angular 
indentations  which  are  likely  to  have  caused  partial  fracture  of  the  tin  and 
render  it  liable  to  rust ;  (3)  when  they  contain  deleterious  gas,  or  are  bidged 
or  blown;  (4)  when  they  are  rusty  ;  (5)  when  it  is  found  that  the  tin  has 
not  been  hermetically  soldered,  so  that  the  meat  has  either  dried  or  putrefied 
in  consequence.  After  being  examined  in  relation  to  these  points,  the  tins 
should  be  struck  lightly  with  a  small  wooden  mallet,  and  those  producing  a 
hoUow  sound,  suggesting  incipient  putrefaction  or  that  the  tins  have  not 
been  filled  to  the  full  capacity,  should  be  rejected. 

"When  acid  fruits  are  preserved  in  tin  cases,  tin  is  dissolved  to  such  an 
extent  as  to  communicate  a  distinct  metallic  taste  to  the  food.  Canned 
meat,  soup,  and  vegetables  are  less  liable  to  this  contamination.  A.ttfield, 
however,  frequently  detected  minute  particles  of  metallic  tin  by  washing  the 
external  surface  of  meat  just  removed  from  a  can.  Hamel  Koos  found  tin 
in  all  tinned  foods,  whether  consisting  of  meat,  fruit,  or  vegetables.  Hehner 
also  found  tin  in  every  variety  of  tinned  food.  In  soups  the  tin  was  found 
distributed  all  through  the  food  ;  but  in  the  case  of  hard  meat  it  was  found 
chiefly  on  the  surface. 

Various  other  plans  have  been  proposed,  such  as  the  use  of  antiseptics, 
borax,  boric  acid,  salicylic  acid,  glycerine,  &c.,  and  various  preparations  such 
as  glacialin,  boro-glyceride,  and  the  like,  consisting  of  mixtures  of  two  or 
more.  Of  these  preparations,  boric  acid  and  glycerine  appear  to  be  the  least 
hurtful ;  but  food  to  which  these  substances  have  been  added  is  liable  to 
cause  gastric  derangement,  and  they  are  not  to  be  recommended. 

Dried  food  is  objectionable  owing  to  its  unattractive  appearance  and' 
insipidity.    In  this  category  we  may  consider  such  forms  of  dried  meat  as 
the  tassajos  and  charqui  of  South  America,  the  biltojig  of  the  Kaflirs,  the 
kelea  of  the  Arabs,  and  the  dauer  fleiscli  of  the  Germans. 

Dried  Cereall a.— Many  flours,  if  well  dried,  will  keep  for  a  long  time. 
There  are  now  in  the  market  difi"erent  kinds  of  malt  biscuit  and  granulated 
malt  food.  Liebig's  food  for  infants  is  composed  of  equal  parts  of  wheaten 
flour  and  malt  flour  mixed  with  a  little  potassium  carbonate  and  cooked  with 
10  parts  of  milk.  The  wheat  and  malt  flour  are  usuaUy  cooked  and  sold 
in  powder  ready  to  be  boiled  with  the  milk. 

Dried  Bread.— In  addition  to  biscuit  already  described,  bread  has  been 
partially  dried  by  being  pressed  in  a  hydraulic  press  (Laignel's  method). 
Much  water  flows  out,  but  when  taken  out  the  bread  still  feels  moist,  in 
a  day  or  two,  however,  it  becomes  as  hard  as  a  stone,  and  m  a  years  time 
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^vill  be  found  good  and  agreeable.    Placed  in  water,  it  slowly  swells.  Tke 
pain  biscuit(^ "  of  the  French  army  is  bread  dried  by  heat. 
Dried  Potatoes  are  sold  in  two  forms — sliced  and  gi-anulated.    In  either 
rase  the  potato  is  easily  cooked,  and  is  very  palatable.    It  should  be  soaked 
in  cold  water  first  for  some  time,  then  slowly  boiled,  or,  what  is  much 
better,  steamed.    The  directions  for  cooking  Edward's  preserved  potato 
1  (which  is  granulated)  are :  "  To  three-quarters  of  a  pound  add  about  one 
,  quart  of  boiling  water,  stirring  it  at  the  same  time ;  cover  it  closely ;  the 
I  basin  or  vessel  used  should  be  kept  hot ;  let  it  stand  for  ten  minutes  ;  then 
'  well  mash,  adding  butter,  salt,  &c.,  at  discretion."    It  is  stated  to  be  equal 
1  to  six  times  its  bulk  of  the  fresh  vegetable,  but  this  is  hardly  borne  out  by 
;  analysis  :  four  times  is  as  high  as  it  would  be  safe  to  allow.    The  analysis 
:  shows  that  a  pound  of  preserved  potato  contains  the  solid  matter  of  only 
\  3 J  pounds  of  ordinary  fresh  potatoes. 

Dried  VegetaUes  [other  than  Potatoes). — Dried  and  compressed  vegetables 
(of  aU  kinds  (peas,  cauliflowers,  carrots,  &c.)  are  now  prepared,  especially  by 
:  Messrs  Musson  and  Challot,  so  perfectly  that,  if  properly  cooked,  they 
ifui-nish  a  dish  almost  equal  to  fresh  vegetables.  Analysis  shows  that  dried 
c compressed  cabbage  contains  the  solids  of  seven  times  its  weight  of  fresh 
c  cabbage,  whilst  the  mixed  vegetables  contain  five  und  a  half  times  the  solids 
cof  the  fresh  vegetables.  They  must  be  cooked  very  slowly.  If  there  is 
aany  disagreeable  taste  from  commencing  putrefaction,  which  is  very  rare,  a 
1  little  chloride  of  lime  removes  it  at  once.  Potassium  permanganate  can  be 
aalso  used  for  this  purpose. 

As  anti- scorbutics,  dried  are  said  to  be  inferior  to  fresh  vegetables,  but 
aare  stUl  much  better  than  nothing. 

Dried  Apples  in  slices  are  now  imported  largely  from  America  :  they  are 
ipalatable  when  cooked,  and  would  be  a  useful  article  in  the  field. 

Dried  Milk  is  also  met  with  in  the  form  of  a  powder,  but  is  less  prefer- 
aable  to  preserved  milk  sold  in  the  liquid  form,  as  during  the  process  of 
mnanufacture  very  considerable  loss  of  casein  takes  place. 

Dried  Eggs.— The  yolk  is  not  easily  kept  after  drying,  but  the  white  can 
bbe  so ;  it  is  cut  into  thin  scales,  and  forty-four  eggs  make  about  one  pound. 
IThe  yolk  and  white  are  also  mixed  with  flour,  ground  rice,  &c.,  and  are  then 
ndried. 

The  tinned  foods  stand  out  pre-eminently  as  the  best  of  all  kinds  of 
ipreserved  food.  Not  only  meats,  but  nearly  every  variety  of  aliment  has 
>been  and  can  be  preserved  by  means  of  hermetically  sealing.  The  potted 
■land  preserved  meats,  such  as  the  Chicago  and  Australian  kinds,  speak  for 
Lhemselves.  From  analysis,  their  nutritive  qualities  appear  to  be  nearly 
^identical  with  fresh  meat,  while  the  absence  of  bone  renders  them,  weight 
cfor  weight,  of  increased  value,  to  say  nothing  of  their  compactness, 
lUurabihty,  and  portability.  Their  saltish  taste  renders  their  prolonged  use 
Histasteful,  but  a  greater  employment  of  pickles  and  condiments  will  in 
n?reat  measure  meet  this  defect. 

Among  this  class  of  preparations,  Pemmican  deserves  to  take  a  high  place 
at  has  been  extensively  used  in  Arctic  voyages,  and  is  made  of  the  best  beef 
and  fat  rolled  and  dried  together  :  sugar,  with  raisins  and  currants,  are  some- 
times added  to  It,  and  with  these  latter  it  is  of  undoubted  high  anti-scorbutic 
value.  Its  analysis  shows  that,  in  itself,  it  off'ers  all  the  elements  of  a  true 
vood.  In  regard  to  other  organic  products,  the  processes  of  preservation  by 
finning  have  reached  considerable  perfection,  notably  in  the  case  of  milk, 
"ruit,  and  vegetables. 

Concentrated  Milk.— Milk  is  evaporated  at  low  steam  heat  to  the  con- 
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aistence  of  a  thick  syrup,  and  white  sugar  is  added.  After  opening  the  tins 
the  samples  remain  good  for  over  a  month.  The  amount  of  sugar,  however, 
is  very  large ;  in  one  sample  it  was  found  to  be  as  much  as  16-7  kctose  and 
60-7  cane-sugar.  Other  samples,  such  as  the  Swiss  and  Bavarian  (Loef- 
lund's),  are  preserved  without  extra  sugar,  and  are  reduced  in  bulk  to  a 
half  or  a  quarter  of  the  original :  these,  however,  must  be  used  as  soon  as- 
possible  after  the  tin  is  opened,  for  they  do  not  keep  like  the  sweetened 
preparations.  The  general  composition  and  nutritive  value  of  some  of  these 
preserved  milks  has  been  aheady  mentioned. 

Preserved  Fruits  and  Vegetables,  that  is,  those  preserved  m  tins  m  then- 
natural  condition,  are  much  to  be  preferred,  both  as  being  more  palatable 
and  as  being  more  nutritious,  and  better  anti-scorbutics  than  the  dried 
varieties.  They  occupy,  however,  much  greater  bulk,  and  are  hable  to  be 
contaminated  by  metallic  poisons  (copper,  lead,  tin,  zinc)  from  a  solution  of 
these  metals  by  acids  formed  during  fermentation  or  preservation.  Green 
vecretables,  especially  beans  and  peas,  when  preserved  m  tins,  are  frequently 
coloured  by  sulphate  of  copper.  The  amount  found  varies  from  none  to  as 
much  as  3  grains  per  tin.  This  addition  is  quite  unnecessary,  as  the  public 
would  soon  become  accustomed  to  yeUowish  or  pale  green  vegetables 
provided  they  were  assured  that  such  colours  were  the  natural  result  of 

preservation  processes.  ,      -   i        x     i     n  k« 

How  far  various  preservative  and  colouring  chemical  agents  should  be 
allowed  to  be  added  to  foods,  and  to  what  extent,  when  so  added,  they 
influence  health,  has  been  a  matter  of  some  discussion.  Practically,  boracic 
acid,  sulphurous  acid,  formalin,  and  salicylic  acid  are  the  only  chemical  pre- 
servative, and  salts  of  copper  the  only  colouring  agents  m  general  use  :  and 
although  we  are  unable  to  fix  any  precise  quantity,  or  any  exact  hmit  of  time 
at  which  these  several  substances  act  harmfully,  we  are  justified  in  demand- 
incT  at  least :— 1.  That  the  kind  and  quantity  of  the  preservative  or  colourmg 
agent  added  be  always  stated  on  the  label.  2.  That  mUk  and  other  articles 
specially  used  by  children  should  not  contain  any  preservative  addition 
whatever.  3.  That  the  minimum  quantity  of  the  agent  required  for  the 
preservation  or  colouring  of  the  fresh  article  should  not  be  exceeded. 

Even  admitting  that  preservative  and  colourmg  agents  are  relatively 
harmless,  their  general  use  should  be  discouraged,  as  they  facilitate  an 
Sani;  and  slovenly  treatment  of  food,  rendering  it  possib  e  to  preserve 
articles  of  diet,  often  in  incipient  decomposition,  for  some  time  with  an 
rp'earance  of  freshness  wliich  is  altogether  false,  besides  favourmg  trade 
frauds  and  possible  dangers  to  health. 
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CHAPTER  V. 


BEVEEAGES  AJS^D  CONDIMENTS. 

Almost  as  important  to  civilised  man  as  the  food-stuffs,  which  are  absolutely 
necessary  for  existence,  are  substances  which  enable  food  to  be  taken  with 
pleasure  or  relish  :  such  substances  have  been  appropriately  caUed  food  acces- 
sories. The  Germans  call  them  "  means  of  enjoyment,"  as  distinguished  from 
the  true  foods  or  "  means  of  nourishment."  They  include  substances  varying 
from  the  simplest  aromatic  principles,  such  as  one  smells  when  meat  is 
cooking,  or  condiments  and  spices,  to  the  more  complex  alcoholic  and  non- 
alcohohc  drinks  which  so  largely  enter  into  the  daily  dietaries  of  both 
civihsed  and  uncivilised  peoples.  The  general  action  of  the  food  accessories 
seems  to  be  to  stimulate  digestion,  either  directly  by  affecting  the  digestive 
organs,  or  indirectly  through  the  central  nervous  system.  The  condiments 
are  mainly  added  to  food  as  flavouring  agents ;  they  include  such  articles 
as  mustard,  pepper,  onions,  cloves,  nutmeg,  cinnamon,  salt,  and  vinegar. 
Excepting  the  two  last,  all  these  owe  their  value  as  food  accessories  to 
aromatic  oils  which  they  contain.  These  essential  oUs  are  all  stimulants 
directly  of  the  muscular  movements  of  the  digestive  organs  and  of  the 
secretion  of  their  juices ;  but  if  taken  in  excess,  easily  induce  gastric  catarrh 
and  exhaustion  of  the  mucous  lining  of  the  stomach.  The  influence  of 
common  salt  has  already  been  discussed. 

The  food  accessories  taken  in  as  beverages  may  be  divided  into  three 
groups  :— (1)  The  liquids  containing  alcohol,  such  as  beer,  wine,  &c. ;  (2)  the 
liquids  containing  the  active  principles  caffeine  or  theobromine,  such  as  tea, 
coffee,  Paraguay  tea,  cocoa,  &c. ;  (3)  the  liquids  containing  large  quantities 
of  the  organic  acids  and  their  salts,  such  as  lime  or  lemon  juice  and  vinegar. 
The  alcoholic  beverages  owe  their  action  as  food  accessories  chiefly  to  the 
ethylic  alcohol  they  contain ;  and  the  effect  of  the  different  alcoholic  drinks 
is,  broadly  speaking,  proportional  to  the  amount  of  alcohol  present  in 
them,  but  not  entirely  so,  since  many  of  them  owe  part  of  their  effect  to 
the  action  of  certain  aromatic  substances  and  other  principles.  For  these 
reasons,  therefore,  the  presence  of  these  other  principles  must  be  considered 
as  well  as  the  alcohol  in  deciding  the  utility  or  otherwise  of  any  given 
alcoholic  drink. 

Tor  the  sake  of  convenience,  and  also  according  to  the  amount  of  alcohol 
they  contain,  the  alcoholic  beverages  may  be  divided  into  beers,  light  wines, 
sweet  wines,  and  spirits. 


BEEE. 


The  usual  definition  of  beer  was,  that  it  is  a  fermented  infusion  of  malt 
tlavoured  with  hops.  This,  however,  is  not  quite  correct,  at  tlie  present 
day,  as  sugar  largely  takes  the  place  of  malt,  and  other  vegetable  bitters 
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that  of  hops;  so  that  probably  a  more  accurate  definition  would  be,  to  call 
it  a  fermented  saccharine  infusion  to  which  has  been  added  any  wholesome 
bitter.  Formerly  the  substitution  of  quassia,  gentian,  calumba,  or  any  other 
bitter  in  place  of  hops  was  illegal,  but  now  it  is  not  the  case,  with  the  result 
that  all  kinds  of  bitters  may  be  used,  provided  they  are  wholesome.  As  a 
matter  of  fact,  however,  in  the  best  beers  even  now,  the  only  bitter  used 
is  hops. 

Modern  beers  may  be  divided  into  two  great  groups,  namely,  the  non- 
malt  beers  and  the  malt  beers.  What  are  called  non-malt  beers  are  those 
made  by  a  yeast  fermentation  of  an  infusion  of  sugar,  mainly -derived  from 
starch  chemically  or  artificially  converted,  as  by  the  action  of  sulphuric 
acid.  Malt  beers  are  the  result  of  a  similar  yeast  fermentation  of  an 
infusion  of  sugar,  only  in  this  case  the  sugar  is  derived  from  the  natural 
conversion  of  grain  starch  by  means  of  germination  or  malting.  In  both 
instances,  the  resulting  liquor  is  an  alcoholic  one  in  which  a  portion  of  the 
alcohol  becomes  transformed  into  aldehyde  and  subsequently  by  a  further 
oxidation  changed  into  acetic  acid. 

The  actual  preparation  of  malt  and  the  subsequent  brewing  of  beer  is 
practically  as  follows.  The  maltster  first  soaks  his  barley  in  a  cistern  for 
some  fifty  hours  :  he  then  transfers  it  to  the  "  couch  "  and  twenty-four  hours 
later  spreads  it  out  on  floors  in  a  malting.  Here  he  leaves  it  for  ten  or  four- 
teen days,  during  which  time  germination  takes  place  and  the  grain  sprouts. 
After  this  sprouting  has  taken  place  sufficiently,  all  germination  action  is 
arrested  by  drying  the  grain  over  a  kihi.  It  is  now  malt,  and  if  tasted  is 
distinctly  sweet,  owing  to  the  conversion  of  the  grain  starch  into  sugar  by 
the  action  of  the  diastase  ferment.  After  the  dried  malt  has  been  sifted  or 
screened  so  as  to  break  off  all  the  sproutings,  it  passes  into  the  hands  of  the 
brewer,  who,  after  crushing  it,  places  it  in  his  mash  tub  with  water  warmed 
to  about  160°  F.  This  water  completes  the  transformation  of  the  starch 
into  grape-sugar  and  dissolves  it,  causing  the  resulting  Uquor,  or  looH  as  it 
is  called,  to  have  a  decidedly  sweet  taste. 

In  the  case  of  a  brewer  using  chemically  converted  starch  (saccharum)  or 
a  mixture  of  it  with  malt,  a  similar  treatment  with  warm  water  would  be 
followed  by  the  production  of  a  sweet  liquor  or  wort.  When  the  conver- 
sion of  the  starch  into  sugar  is  sufficiently  complete,  aU  chance  of  further 
conversion  is  stopped  by  boiling  the  wort,  which  also  acts  in  coagulating 
the  albumin  which  the  water  has  dissolved  out  of  the  grain ;  advantage  is 
also  taken  of  the  boiling  to  add  hops  which  aid  further  in  clearing  the  wort 
by  coagulating  the  remaining  albuminous  matters,  besides  impartmg  to  it 
their  characteristic  bitterness.  Both  the  length  of  the  boiling  and  the 
quantity  of  hops  added  vary,  according  to  the  richness  of  the  wort  m  sugar, 
and  with  the  quality  of  beer  it  is  intended  to  make. 

The  next  step  in  brewing  is  to  run  off  the  boiled  Hquid  into  shaUow 
vessels,  in  which  they  are  cooled  to  the  best  temperature  for  fermentation. 
If  "  top"  yeast  is  intended  to  be  used,  this  temperature  is  60°  F.,  but  if  what 
is  caUed  "bottom"  or  sedimentary  yeast,  as  used  in  Bavaria,  a  much  lower 
temperature  is  preferable.  When  at  the  required  heat,  the  liquid  is  run 
into  the  fermenting  tun  and  a  sufficient  quantity  of  yeast  is  added,  it  is 
usual  to  use  a  yeast  obtained  from  a  kind  of  beer  different  from  that  which 
it  is  proposed  to  make;  the  whole  is  allowed  to  ferment  slowly  for  six  or 
eight  days.  During  this  time,  the  sugar  splits  up  into  alcohol  which 
remains  in  the  beer,  and  into  carbonic  acid  gas  which,  for  the  most  part, 
escapes  into  the  air.  The  most  essential  points  in  brewing  are  the  facts 
that  the  quantity  of  yeast  to  be  added  and  the  temperature  at  which 
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fermentation  is  allowed  to  take  place,  vary  with,  different  kinds  of  beer ; 
also  that  yeast  works  better  when  transferred  from  one  kind  of  beer  to 
another ;  and  that  the  fermentation  must  be  so  regulated  that  the  whole  of 
the  sugar  contained  in  the  wort  is  not  transformed  into  alcohol,  as  if  it  is 
all  so  transformed  the  beer  has  no  keeping  power ;  that  is,  it  would  turn 
sour  in  the  casks.  This  ti;rning  sour  is  due  mainly  to  the  passage  of  the 
alcohol  into  aldehyde  and  the  subsequent  oxidation  of  this  into  acetic  acid. 

There  are  many  varieties  of  ales  and  beers,  the  chief  being :  Pale  and 
Mild  Ales,  made  from  the  finest  dried  malt  and  the  best  hops ;  the  mild 
ale  is  usually  sweeter,  stronger,  and  less  bitter  than  the  pale.  Porter  is 
nothing  more  than  a  weak  mild  ale,  coloured  and  flavoured  with  roasted 
malt.  Stout  is  a  richer  and  stronger  kind  of  porter.  The  German  Beers  are 
fermented  by  means  of  sedimentary  yeast  as  distinguished  from  the  surface 
yeast  used  in  England.  Their  fermentation  is  carried  on  at  a  lower  tem- 
perature than  in  the  case  of  British  beers.  They  contain  also  less  alcohol 
than  the  English,  but  are  richer  in  carbonic  acid  gas,  and  keep  better. 
Lager  and  Bock  beer  is  made  from  a  stronger  wort,  and  is  proportionately 
richer  in  alcohol  and  malt  extract.  The  Belgian  beers  are  made  with 
unmalted  wheat  and  barley ;  they  take  long  periods  to  ferment,  doing  so 
spontaneously,  no  yeast  being  added;  as  a  rule,  they  are  hard  from  the 
presence  of  much  acid.  Bottled  beers  are  all  bottled  while  fermentation  is 
going  on,  and  owe  their  sparkling  and  frothing  to  the  excess  of  carbonic 
acid  in  them.  German  Wliite  beer  is  an  acidulous  beverage  chiefly  obtained 
from  barley  and  wheat  malt  by  rapid  top  fermentation,  the  properties  of 
which  differ  much  at  different  places.  It  is  mostly  sold  in  bottles.  When 
required  in  bottles  in  a  briskly  effervescing  state  and  clear,  an  addition  of 
an  enlivening  material  is  necessary  in  the  form  of  cane-sugar.  Only  by 
this  means  can  a  productive  secondary  fermentation  be  kept  up  in  the 
bottles,  as  the  main  fermentation  almost  entirely  consumes  the  fermentable 
material.  The  Vienna  beers,  like  the  German  lighter  beers,  are  remarkable 
for  producing  neither  intoxication  nor  drowsiness,  due  principally  to  the 
small  quantity  of  alcohol  they  contain. 

The  German  or  Bavarian  process  of  brewing  differs  in  several  important 
points  from  that  practised  in  England,  and  we  may  refer  to  these  points  for 
an  explanation  of  the  qualities — especially  in  regard  to  flavour,  alcoholic 
strength,  and  the  quantity  of  malt  and  hop  extractives  which  sharply  distin- 
guish German  from  English  beers.  Thus  the  peculiar  qualities,  especially 
the  flavour,  of  German  or  Austrian  beers  are  doubtless  to  be  ascribed,  in 
a  large  measure,  first  to  the  fermentation  being  very  slow,  and  carefully 
restricted  to  a  low  temperature ;  secondly,  the  employment  of  sedimentary 
yeast  tends  to  render  the  products  of  a  simpler,  and  doubtless  more  whole- 
some, nature  than  those  which  are  evolved  when  a  more  rapid  fermentation 
is  allowed  to  proceed,  such  as  occurs  when  a  comparatively  high  tempera- 
ture and  top-growing  yeast  are  adopted.  Again,  the  quantity  of  hops  used 
m  the  brewing  of  German  beers  is  much  less  than  is  employed  in  this 
country,  while  in  Bohemia  and  Bavaria  the  hops  are  gathered  earlier,  so  as  to 
exclude  much  of  the  narcotic  principles  which  longer  growth  fosters.  Since, 
as  is  weU  known,  the  constituents  of  the  hop  are  distinctly  narcotic,  this,  in 
addition  to  the  decreased  percentage  of  spirit,  would  account  for  the  com- 
parative absence  of  drowsy  symptoms  when  Bavarian,  German  or  Austrian 
beer  is  drunk,  but  which  so  frequently  follow  the  consumption  of  English 
beers. 

It  has  already  been  mentioned  that  a  yeast  that  is  formed  by  a  violent  or 
racy  fermentation  and  at  a  higher  temperature,  as  employed  in  English 
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brewing,  lias  more  active  qualities  that  yeast  formed  at  a  lower  temperature 
and  by  slow  fermentation.  The  first  spreads  itself  rapidly  over  the  surface 
of  the  fluid  and  is  termed  "  sui^erficial "  yeast,  while  the  second  sinks  to  the 
bottom  of  the  vessel  and  there  continues  its  action ;  it  is,  therefore,  termed 
"  sedimentary "  or  bottom  yeast,  and  is  what  is  employed  in  German 
breweries.  The  important  advantage  of  the  use  of  a  yeast  groAving  at  a  low 
temperature  in  brewing  is  that  while  the  normal  functions  of  the  yeast  are 
free  to  act,  yet  the  same  cold  discourages  the  growth  of  disease  ferments, 
and  a  healthier  beer  is  ensured. 

Composition  of  Beer. — The  specific  gravity  varies  from  1006  to  1030,  or 
even  more.  The  average  in  English  ales  and  porters  is  from  1010  to  1014. 
The  percentage  of  extract  is  from  4  to  15  per  cent,  in  ale,  and  from  4  to  9 
per  cent,  in  porter.  It  is  least  in  the  bitter,  and  highest  in  the  sweet  ales. 
The  alcohol  varies  from  1  to  10  per  cent,  in  volume.  The  free  acidity 
which  arises  from  lactic,  acetic,  gallic,  and  malic  acids  ranges  (if  reckoned 
as  glacial  acetic  acid)  from  18  to  45  grains  per  pint.  The  fermentation 
produces,  besides  alcohol  and  carbonic  acid,  a  little  glycerine  and  succinic 
acid.  There  is  a  small  quantity  of  albuminous  matter  in  most  beers,  but 
not  averaging  more  than  0"5  per  cent.  The  salts  average  O'l  to  0*2  per  cent., 
and  consist  of  alkaline  chlorides  and  phosphates,  and  some  earthy  phos- 
phates. There  is  a  small  amount  of  ammoniacal  salt.  The  dark  beers,  or 
porters,  contain  caramel  and  assamar.  ¥ree  carbon  dioxide  is  always 
more  or  less  present;  the  average  is  O'l  to  0*2  part  by  weight  per  cent.,  or 
about  If  cubic  inch  per  ounce.    Volatile  and  essential  oils  are  also  present. 

A  more  exact  statement  of  the  percentage  composition  of  various  beers 
is  presented  in  the  following  table  : — 


Burton  ale, 
Scotch  ale, 
Bass's  XX, 
Cheap  draught  ale, 

>>         >i  >) 

London  porter, 


Cheap  draught  porter, 

>i         >i  >> 

Berlin  ale, 
Belgian  faro  ale, 
Bock  beer. 
Lager  beer,  , 
Bavarian  beer, 
Vienna  beer,  . 


Specific 
Gravity. 

Malt 
Extract. 

Alcohol. 

Free  or  Total 

Acidity  as 
Acetic  Acid. 

CO2. 

Ash. 

Water. 

1032 

14-50 

5-90 

79-60 

1030 

10-90 

8-50 

0-15 

80-45 

1014 

5-10 

4-43 

0-180 

1006 

2-75 

3-00 

0-203 

1009 

3-50 

3-00 

0-203 

10-21 

6-80 

6-90 

0-212 

86-30 

1022 

7-16 

4-21 

0-168 

1011 

4-00 

3-00 

0-156 

1014 

5-00 

3-50 

0-162 

1019 

6-30 

7-60 

o-i? 

0-188 

85-93 

1008 

2-90 

4-90 

0-20 

0-142 

92-00 

1027 

9-20 

4-20 

0-17 

0-263 

86-49 

1016 

5-79 

3-90 

0-19 

0-228 

90  08 

1022 

5-40 

3-50 

0-22 

0--290 

91-10 

1021 

6-10 

3-50 

0-19 

0-210 

Of  the  constituents  of  beer  it  is  necessary  to  specially  notice  the  water, 
the  malt  extract,  the  bitters,  and  the  ash. 

The  water  used  in  brewing  should,  of  course,  be  free  from  aU  injurious 
impurities,  and  especially  from  any  organic  matters  undergoing  change.  It 
is  well  known  that  variations  in  the  mineral  constituents  of  the  water  used 
in  brewing  exert  an  important  influence  on  the  character  of  the  finished 
beer.  Hard  and  somewhat  saline  water,  for  instance,  is  preferred  in  the 
brewing  of  pale  and  bitter  ales  in  this  country,  since  it  extracts  less  colouring 
matter  and,  what  is  more  important,  less  albuminous  matter  from  the  malt. 
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1 1  is  the  latter  substances  which,  when  present  in  excess,  are  fatal  to  the 
I  ime  condition  of  English  brewed  ales.  Thus  in  England  hard  waters  are 
a  general  use  for  brewing.  On  the  other  hand,  the  German  brewer  uses  a 
ofter  and  practically  non-saline  water,  which  extracts  a  greater  amount  of 
luminous  principles.  How  much  common  salt  is  present,  is  mainly 
..uteresting  because  in  prosecutions  for  the  addition  of  salt  to  beer,  the 
Idefence  frequently  is,  that  the  latter  is  a  natural  component  of  the  beer 
rrom  the  water  used  in  the  brewing.  As  brewers,  commonly,  use  hard 
voters,  it  is  obvious  that  the  waters  in  particular  localities  may  contain 
■varying  quantities  of  salt.  Generally  speaking,  the  water  used  in  different 
>Dreweries  gives  quantities  from  10  to  15  grains  per  gallon. 

The  malt  extract  is  really  the  sum  of  the  non- volatile  constituents,  and 
e-epresents  the  residue  of  the  extractive  substances  of  the  wort  which  have 
laot  been  volatilised  as  carbonic  acid  during  fermentation.  In  reaUty  it 
vionsists  of  dextrin,  sugar,  cellulose,  albuminous  substances,  and  some  fat 
rTom  the  malt  or  "  saccharum  "  used,  with  lupulite  and  hop  resin. 

Formerly,  beer  bitters  were,  by  law,  compelled  to  be  derived  solely  from 
niops  ;  but  since  the  repeal  of  the  hop  duty  in  1862,  any  bitter  may  be  used, 
orovided  it  is  harmless.  From  time  to  time  various  objectionable  bitters, 
uuch  as  picric  acid,  picrotoxin  or  colchicine,  have  been  identified  in  beers, 
out  only  very  rarely ;  in  fact  so  rarely,  that  they  may  be  practically  said 
:'0  be  now  never  used  for  the  purpose.  In  the  same  way,  quassiin,  gentianin, 
bbsynthin,  aloin,  and  some  other  more  or  less  doubtful  bitters  have  been 
oound  in  beers,  but  extremely  rarely.  The  chief  bitter  employed  in  beer  to 
i;ive  it  the  characteristic  flavour  is  that  derived  from  hops.  Hops  are  the 
oones  or  strobiles  of  the  Humulus  Lupulus.  They  contain  about  4  per  cent, 
f'f  the  astringent  substance  tannin,  1  -5  per  cent,  of  a  fragrant  essential  oil, 
ond  much  resin.  These  substances  are  chiefly  found  in  the  yellow  glandular 
e-ecretion  of  the  hop  cones,  called  lupulin  or  lupulite. 

The  ash  of  beer  contains  the  mineral  constituents  that  previously  existed 
artly  in_  the  water,  partly  in  the  hops,  and  partly  in  the  malt  used.  The 
terric  oxide,  some  phosphoric  acid,  a  little  lime  and  magnesia,  with  much  of 
he  silica  remains  undissolved  and  does  not  pass  into  the  beer,  the  remainder 
3  dissolved.  The  following  table,  from  Wynter-Blyth,  gives  the  average 
oomposition  of  the  beer  ash  of  commerce  : 


Potash, 
Soda,    ,  . 
Lime,  . 
Magnesia, 
Iron  oxide,  . 
Sulphuric  acid, 
Phosphoric  acid, 
Chlorine, 
Silica,  . 


Beer  Ash. 
37-22 
8-04 
1-P3 
6-51 
traces 

1-  ii 
32-09 

2-  91 
10-82 


Nutritive  Value  of  Beer.— The  action  of  beer  upon  tissue  change,  so  far 
8  is  known,  is  supposed  to  be  one  of  lessened  excretion,  the  urea  and 
fulmonary  carbon  dioxide  being  both  decreased.  If  this  be  the  case,  it  is 
'X)t  owing  to  the  alcohol,  at  least  in  moderate  dietetic  doses,  but  of  some  of 
ihe  other  ingredients;  but  the  experiments  require  repetition.  On  the 
?.ervous  system  the  action  is  probably  the  same  as  that  of  alcohol  The 
p-ecuhar  exhausting  or  depressing  action  of  beer  taken  in  large  amount  has 
.een  ascribed  by  Ranke  to  the  large  amount  of  potash  salts,  but  probably 
iJie  other  constituents  (especially  the  hop)  are  also  concerned. 

When  beer  is  taken  in  daily  excess,  it  produces  gradually  a  state  of 
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fulness  and  plethora  of  the  system,  which  probably  arises  from  a  continual, 
though  slight,  interference  with  elimination  both  of  fat  and  nitrogenous 
tissues.  When  this  reaches  a  certain  point  appetite  lessens,  and  the  forma- 
tive power  of  the  body  is  impaired.  The  imperfect  oxidation  leads  to  excess 
of  partially  oxidised  products,  such  as  oxalic  and  uric  acids.  Hence  many 
of  the  anomalous  affections,  classed  as  gouty  and  bilious  disorders,  which  ■ 
are  evidently  connected  with  defects  in  the  regressive  metamorphosis.  Sir 
Wm.  Roberts  states  that  malt  liquors  hamper  salivary  digestion  in  exact 
proportion  to  their  acidity,  and  retard  peptic  digestion  altogether  out  of 
proportion  to  their  percentage  of  alcohol ;  but  digestion  is  assisted  by 
a  moderate  quantity  of  light  beer,  especially  when  it  contains  free  carbon 
dioxide. 

The  question.  What  is  excess  1  is  not  easy  to  answer,  and  will  depend 
both  on  the  composition  of  the  beer  and  on  the  habits  of  life  of  those  who 
take  it ;  but,  judging  from  the  amount  of  alcohol  which  is  allowable,  from 
one  pint  to  two  pints,  according  to  the  strength  of  the  beer,  is  a  sufficient 
amount  for  a  healthy  man. 

In  consequence  of  the  abundant  proportion  of  sugar  and  dextrin,  and  the 
appreciable  amount  of  albumin,  beer  has  decidedly  a  nutritive  value  which 
is  not  insignificant.  Even  the  alcohol,  setting  aside  its  toxic  properties, 
must  be  viewed  in  a  limited  sense  as  a  nutritive  substance.  Hitherto,  no 
attempt  has  been  made  in  this  country  to  lay  down  any  standards  of 
composition  for  beer,  with  a  view  to  control  the  nutritive  value  of  this  im- 
portant means  of  popular  enjoyment  and  nutrition.  Beers  or  porters  con- 
taining less  than  3  per  cent,  of  alcohol  and  4  per  cent,  of  extract,  must  be 
pronounced  weak,  of  inferior  value,  and  not  calculated  to  keep.  While  for 
ordinary  ales,  professing  to  be  of  fair  or  ordinary  quality,  the  extract  and 
alcohol  may  not  unreasonably  be  expected  to  be  each  4  per  cent.:  porters 
of  the  same  class  should  yield  at  least  5  per  cent,  of  extract  and  from  4  to  5 
per  cent,  of  alcohol.  This  is  equivalent  to  expecting  that  the  beer  be  brewed 
from  an  original  wort  having  a  specific  gravity  of  from  1042  to  1054. 
Beers  which,  instead  of  being  made  from  malt  alone,  receive  additions  of 
starch,  maltose,  potato  sugar,  &c.,  are  relatively  poorer  in  nitrogenous  sub- 
stances, ash  and  especially  phosphoric  acid.  These  non-malt  beers  retain 
their  carbonic  acid  very  imperfectly,  hence  readily  get  flat.  Many  of  the 
German  and  Austrian  beers,  which  contain  small  quantities  of  alcohol  and 
large  extracts,  are  to  be  more  regarded  as  food  and  drink  than  are  the  average 
Brftish  ales.  In  the  former  there  is  a.  lessened  change  by  fermentation  of 
the  extract  into  alcohol  and  carbonic  acid,  whereby  a  greater  nutritive  residue 
in  the  form  of  malt  extract  is  present,  whereas  in  the  British  beers  the 
reverse  is  generally  the  case. 

What  is  known  as  "  small  beer  "  is  a  thin  beer  often  drawn  for  workmen 
and  servants,  containing  only  1  to  2  per  cent,  of  extract,  about  1  per  cent, 
of  alcohol,  and  from  0-06  to  0-08  of  ash.  This  beer  is  obtained  by  a  repeated 
extraction  of  the  malt  which  has  been  once  used  for  ordinary  beer,  and  then 
treating  the  resulting  thin  wort  as  for  beer.  The  keeping  properties  of  this 
liquid  are  very  low,  it  readily  becomes  yeasty  and  sour,  and  has,  practically, 

no  nutritive  value  at  all.  .       .  ,  • 

Adulterations  of  Beer.— The  chief  and  simplest  adulteration  of  beer  is 
bv  the  addition  of  water.    Another  very  common  adulteration  is  salt,  the 


object  of  this  addition  being  not  so  much  to  develop  the  flavour  and  to 
preserve  the  liquor,  as  to  produce  a  craving  for  more  drmk.  The  use  ot 
KYpsura,  of  which  we  have  before  spoken,  can  hanily  be  regarded  as  an 
adulteration.    Sulphuric  acid  is  occasionally  added  to  clarify  beer,  and  to 
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ive  it  the  hard  flavour  of  age;  alum  has  been  known  to  be  used  for  the 
me  purpose.  To  lessen  excessive  acidity  sodium  bicarbonate  may  be 
,led:  while  sometimes  publicans  seek  to  give  flat  beer  the  semblance  of 
shness  by  means  of  efi'ervescing  powders  containing  tartaric  acid  along 
t  h  sodium  bicarbonate,  which  develop  carbonic  acid  in  the  beer.  Liquorice 
[nl  sugar  are  both  known  to  be  added,  occasionally,  to  give  body  to  thin 
1(1  watery  beers  and  to  improve  their  colour.  A  mixture  of  alum,  salt, 
1  svdphate  of  iron  is  also  sometimes  added  to  beer  to  give  it  a  "head" 
len  flat. 

Inasmuch  as  we  are  not  able  now  to  limit  our  conception  of  ideal  beer  to 
^  being  a  beverage  consisting  purely  of  barley  malt,  water  and  hops,  we  are 
able  to  consider  the  various  substitutes  for  barley  malt,  such  as  wheat, 
L',  maize,  potato  starch,  maltose,  glucose,  &c.,  as  in  any  way  adulterants. 
:r  position  is  somewhat  similar  in  regard  to  the  various  substitutes  for 
OS ;  these  are  not  adulterants  unless  hurtful  bitters.    Mention  has  been 
eady  made  of  the  fact  that,  at  times,  wormwood,  marsh-rosemary,  bitter- 
^■er,  box  tree,  holy  thistle,  centaury,  gentian,  quassia,  and  various  other 
ters  of  a  more  or  less  harmless  nature  may  be  added  to  beer,  while 
asionally  others  of  a  more  objectionable  character,  such  as  colchicum, 
icrotoxin  and  aloin,  have  been  used ;  still  the  employment  of  these  is  so 
■vceptional,  and  the  use  of  genuine  hops  so  general,  that  the  serious  con- 
leration  of  beer  adulteration  or  sophistication  by  these  means  is  unnecessary. 
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The  most  important  points  to  be  observed  in  the  examination  of  beer 
re: — 1.  Its  physical  characters.  2.  Specific  gravity  at  15°  C.  or  60°  F. 
.  Determination  of  the  proportion  of  alcohol.    4.  Determination  of  the 

tract.    5.  Determination  of  the  degree  of  acidity.    6.  Determination  of 

-sible  adulterations. 

1.  Physical  Characters. — The  beer  should  be  transparent,  not  turbid, 
urbidity  arises  from  imperfect  brewing  or  clarifying,  or  from  commencing 
langes.  If  the  latter,  the  acidity  wiU  probably  be  found  to  be  increased, 
he  amount  of  carbon  dioxide  disengaged  shoidd  neither  be  excessive  nor 
eficient. 

The  taste  should  be  pleasant.  If  bitter,  the  bitterness  should  not  be 
'  sistent.    It  should  not  taste  too  acid. 

SmeU  gives  no  indication  till  the  changes  have  gone  on  to  some  extent, 
f  tliere  is  any  turbidity,  microscopic  examination  will  usually  detect  the 
mse. 

2.  Determination  of  the  Specific  Gravity.— The  beer,  after  it  has  been 
r  iught  to  the  required  temperature  of  15°  C.  or  60°  F.,  is  well  shaken  in 

flask,  half  filled,  to  expel  carbonic  acid,  and  filtered  through  wadding 
'  remove  froth ;  the  specific  gravity  is  then  determined  by  means  of  an 

curate  hydrometer.  The  specific  gravity  should  be  taken  both  before  and 
fcor  driving  ofi"  the  alcohol.  From  the  reading,  after  de-alcoholisation,  an 
I  iproximate  conclusion  can  be  formed  of  the  amount  of  sohds  or  extract 
'  '■sent,  by  dividing  by  4  the  excess  of  the  gravity  reading  over  1000,  or  by 

004  the  excess  of  the  gravity  over  unity.  Of  course  the  more  extract,  the 
n;ater  is  the  body  of  the  beer.  Before  de-alcoholisation,  in  the  better  class 
f  beers  the  specific  gravity  wiU  vary  from  1010  to  1025,  and  in  the  inferior 
"ids  from  1006  to  1014. 

3.  Determination  of  the  Alcohol— There  are  various  ways  of  determin- 
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ing  the  amount  of  alcohol  in  beer,  wine  and  spirits :  for  tlie  medical  officei,  i 
one  of  the  two  following  will  be  suflicient. 

Measure  a  certain  quantity  of  the  alcoholic  fluid,  and  take  the  specifi- 
gravity  at  60°  F.  1st.  Place  in  a  retort  and  distil  at  least  two-thirdt 
Take  the  distillate,  dilute  to  original  volume  with  distilled  water,  determine 
the  specific  gravity  at  60°  F.  by  a  proper  instrument,  and  then  refer  to  tli 
annexed  table  of  specific  gravities — opposite  the  found  specific  gravity  tli< 
percentage  of  alcohol  is  given  in  volume  and  in  loeigM. 

2nd.  Then,  to  check  this,  a  plan  recommended  by  Mulder  may  be  used 
Take  the  residue  of  the  liquid  in  the  retort,  dilute  with  water  to  the  origin:i 
volume,  and  take  the  specific  gravity  at  60°  F. 

Then  deduct  the  specific  gravity  before  the  evaporation  from  the  specifi 
gravity  after  it,  take  the  difference,  and  deduct  this  from  unity  (the  specili 
gravity  of  water),  and  look  in  the  table  of  specific  gravities  for  the  numlx 
thus  obtained;  opposite  will  be  found  the  percentage  of  alcohol.  Tli 
results  of  these  two  methods  should  be  identical. 


TaUe  of  Percentages  of  Absolute  Alcohol  at  60°  Fahrenheit  (Stevenson). 


Vols, 
cent. 

Weight 
per 
cent. 

Specific 

orn  vit.v 

^  J.  <l  V  1  l/J 

at  60-  F. 

Vols, 
per 
cent. 

Weight 
per 
cent. 

Specific 

frfivitv 

^  1  Cl>  V  1 

at  60°  F. 

Vols, 
cent. 

Weight 
cent. 

Specific 

frT*n  VI +"17 

it  V 1  by 
at  60°  F. 

Vols, 
cent. 

Weight 
per 
cent. 

Specific 
at  60°  F. 

0 

0 

1-0000 

23^05 

18-80 

•9730 

49-00 

41-55 

-9362 

75-00 

67-90 

-8772 

0-05 

0-05 

-9999 

24-00 

19-60 

•9719 

50^00 

42-50 

-9343 

76-00 

69-00 

•8744 

0-15 

0-10 

•9998 

-25-00 

20-45 

•9709 

51-00 

43-45 

•9324 

77-00 

70-10 

•8719 

0-55 

0-45 

-9991 

26-00 

21-30 

•9698 

52-00 

44-40 

•9303 

78-00 

71-25 

•8692 

1-00 

0-80 

•9985 

27-00 

22-10 

•9688 

53-00 

45-35 

-9283 

79-00 

72-40 

•8664 

2-00 

1-60 

-9970 

28-05 

23^00 

•9677 

54-00 

46-25 

•9263 

80-00 

73-50 

•8638 

3-00 

2-40 

•9956 

29-00 

23-80 

•9666 

55-00 

47-25 

-9242 

81-00 

74-70 

-8610 

4-00 

3-20 

-9942 

30-00 

24-70 

-9654 

56-00 

48-20 

•9221 

82-00 

75-85 

•8580 

5-00 

3-95 

-9929 

31-00 

25-05 

•9643 

57-00 

49-20 

•9199 

83-00 

77-00 

-8553 

6-00 

4-80 

•9915 

32-05 

26-45 

•9630 

58-00 

50-20 

-9178 

84-00 

78-25 

•8524 

7-00 

5-65 

•9902 

33-00 

27^20 

•9619 

5.9-00 

51-15 

-9157 

85-00 

79-45 

-8493 

8-00 

6-40 

-9890 

34-00 

28^10 

•9605 

60-00 

52-20 

•9134 

86-00 

80-65 

-8465 

9-00 

7-25 

•9878 

35-00 

28-95 

-9592 

61-00 

53-20 

•9111 

87-00 

81-90 

•8433 

10-00 

8-05 

-9866 

36-00 

29-85 

•9578 

62-00 

54-15 

•9089 

88-00 

83-10 

•8402 

11-00 

8-90 

-9854 

37-00 

30-70 

•9564 

63-00 

55-15 

•9066 

89-00 

84-45 

■8369 

12-05 

9-75 

•9843 

38-00 

31-60 

•9549 

64-00 

56-20 

•9043 

90-00 

85-65 

•8337 

13-00 

10-50 

•9832 

39-05 

32-50 

-9533 

65-00 

57-20 

•9020 

91-00 

87-00 

-8304 

14-00 

11-35 

•9821 

40-00 

33-35 

-9519 

66-00 

58-25 

•8996 

92-00 

88-35 

-8269 

15-00 

12-15 

•9811 

41^00 

34-25 

•9503 

67-00 

59-30 

•8971 

93-00 

89-60 

■8237 

16-00 

13-00 

•9800 

42-00 

35-15 

•9487 

68-00 

60-30 

-8949 

94-00 

91-00 

■8199 

17-00 

13-80 

■9790 

43  00 

36-05 

-9470 

69-00 

61-40 

-8923 

95-00 

92-45 

■8160 

18-00 

14-65 

•9780 

44-00 

36-95 

•9453 

70-00 

62-50 

-8899 

96-00 

93  ^80 

•8123 

19-00 

15-45 

•9770 

45-00 

37-85 

•9436 

71-00 

63 -.'iO 

-8874 

97-00 

95-30 

-8081 

20-00 

16-30 

•9760 

46-00 

38-80 

-9417 

72-00 

64-65 

•8848 

98-00 

96-85 

•8036 

21-00 

17-10 

•9750 

47-00 

39-70 

•940,6 

73-00 

65-65 

•8824 

99-00 

98-40 

-7988 

22-05 

17-95 

•9739 

48-00 

40-60 

-9381 

74-00 

66-75 

•8797 

100-00 

100-00 

•7938 

If  there  is  no  retort  available,  this  second  plan  may  be  used  with  an 
ordinary  evaporating  dish,  the  alcohol  being  suffered  to  escape.  The  plan 
is  very  useful  for  medical  ofl&cers,  and  if  conducted  with  reasonable  care  and 
slowness  of  evaporation  so  as  not  to  char  the  residue  and  render  it  insoluble, 
gives  very  satisfactory  results. 

Example, — Say  200  c.c  of  beer  are  taken,  and  its  sp,  gr.  .it  60°  F.  is  found  to  be 
1^012  ;  after  boiling  down  to  one-third,  it  is  allowed  to  cool,  and  made  up  with  distilled 
water  to  200  c.c.  Its  sp.  gr.  is  now  taken  again  at  60°  F.,  and  found,  say,  to  be  r020. 
Tlie  diflference  between  the  first  sp.  gr.  and  the  second  is  0  008,  and  this  deducted  from 
1  -OQO  gives  0  -9920 ;  on  roferriug  to  the  table,  we  fiud  that  the  nearest  specific  gravity 
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:viven  to  this  figure  is  0'9915,  corresponding  to  6  volumes  of  alcohol  per  cent.,  anil  tliat 
•onsequently  0-9920  lies  between  0-9915  and  the  one  next  above,  namely,  0-9929,  and, 
aerefoi-e,  the  percentage  of  alcohol  corresponding  to  0-9920  is  sometliing  between  5  and 
volumes.  To  find  exactly  how  much,  we  calculate  the  proportional  part.  The 
iiiffereuce  between  the  gravities  for  5  and  6  volumes  per  ceut.  of  alcohol  is  0*0014,  and 
S3  the  calculated  gravity  of  0-9920  is  0-0009,  dill'erent  from  the  one  above  it,  the  per- 
':3ntage  of  alcohol  corresponding  to  0-9920  may  be  said  to  be  5,  corresponding  to  0-9929, 
!ius  %  of  1,  which  gives  the  exact  volume  of  alcohol  per  cent.,  corresponding  to  a  sp. 
X.  of  0-9920  as  being  5-64. 

Alcohol  is  sometimes  stated  as  weight  in  volume  and  not  as  vohime  in 
lolume.  If  the  percentage  of  alcohol  in  volume  be  multiplied  by  0-8,  the 
tieight  of  the  alcohol  is  given  per  cent.  If  the  percentage  of  alcohol  in 
veight  is  multiplied  by  1-25,  the  volume  is  given.  If  the  percentage  volume 
ff  alcohol  be  multiplied  by  1-76,  and  the  weight  in  volume  by  2-21,  the 
imount  of  j3i'oof  spirit  is  given. 

4.  Determination  of  the  Extract. — This  can  be  estimated  by  taking  a 
iiven  quantity  of  the  beer,  evaporating  down  to  dryness  in  a  weighed 
mpsule,  re-weigliing  and  calculating  out  the  resulting  residue  as  a  percent- 
gge;  or,  it  can  be  determined  indirectly,  as  already  explained,  from  the 
ppecific  gravity  of  the  de-alcoholised  beer.  In  the  example  given  above, 
lie  extract  would  be  calculated,  by  this  method,  as  being  0-020  divided  by 
'•004  or  5  per  cent. 

Complementary  to  this  estimation,  it  may,  sometimes,  be  necessary  to 
eetermine  what  was  the  original  extract  of  the  wort  before  fermentation  set 
11.  As  on  fermentation  about  two  parts  by  weight  of  sugar  yield  one  part 
ff  alcohol,  by  doubling  the  alcohol  found  in  the  beer,  and  adding  it  to  the 
xxtract  found  by  direct  estimation,  we  may  calculate,  approximately,  how 
iiuch  extract  the  wort  reaUy  contained  before  fermentation  was  established, 
rr  in  other  words,  what  has  been  the  concentration  of  the  Avort.  Thus,  say 
11  the  preceding  example  we  find  5  per  cent,  of  extract  and  4-92  per  cent, 
[f  alcohol:  then  (4-92  x  2)  +  5  =  14*84  as  the  probable  percentage  of 
xxtract  in  the  original  wort,  with  a  probable  specific  gravity  of  1059.  These 
ggures  are  accurate  enough  for  a  general  or  rapid  statement,  but  by  means  of 

ihe  formula  ^^^J"^  in  which  E  =  extract,  and  A  =  alcohol,  we  may 

100  +  l-066oA 

aalculate  the  original  extract  still  more  accurately :  lOQ  (5  +  2-0665  x  4-92)  ^ 

^      100  +  1-0665  x4-92 
J4*41,  and  presuming  that  the  specific  gravity  of  that  wort  would  rise  4 
eegrees  above  1000,  or  0-004  degree  above  unity  for  each  1  per  cent,  of 
xxtract  in  it,  we  can  conclude  that  the  specific  gravity  of  that  original  wort 
vas  1057  or  r0576,  according  to  which  way  we  choose  to  state  it. 

5.  Determination  of  the  Acidity.— This  is  a  very  important  matter,  as 
ihe  increase  of  acidity  is  an  early  effect  when  beer  is  undergoing  chano-es. 
tt  may  be  stated  either  as  a  percentage,  or  in  grains  per  pint. 

The  acidity  of  the  beer  consists  of  two  kinds. 
Volatile  acids,  viz.,  acetic  and  carbonic. 

Non-volatile  acids,  viz.,  lactic,  gallic,  or  tannic,  malic,  and  sulphuric,  if  it 
laas  been  added  as  an  adulteration. 

To  determine  the  acidity  of  beer  we  must  use  an  alkaline  solution  of 
mown  strength,  1  c.c.  of  which  is  equal  to  6  milligrammes  of  glacial  acetic 
fcid  (C2H4O2)  or  to  9  milligrammes  of  lactic  acid  (CgHgOg).  This  is  the 
lame  alkaline  solution  as  was  needed  for  estimating  the  acidity  of  bread 
|>page  361).  ^ 

Total  or  Free  Acidity.— TokQ  10  c.c.  of  the  boer  to  be  examined,  and 
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drop  into  it  the  alkaline  solution  from  a  burette,  till  exact  neutrality  (as 
tested  by  turmeric  and  litmus  papers)  is  reached.  Then  read  oft'  the' 
number  of  c.c.  of  alkaline  solution  used ;  multiply  by  9,  and  the  result  will 
be  the  amount  of  total  acidity  in  the  quantity  of  beer  operated  on,  expressr 
as  milligrammes  of  lactic  acid  (the  symbols  being  always  used  in  the  reporly. 
By  shifting  the  decimal  point  two  places  to  the  left,  the  amount  per  cent, 
is  given.  To  bring  percentage  into  grains  per  pint  multiply  by  700  (tu 
bring  to  grains  per  gallon),  and  then  divide  by  8  to  bring  to  grains  per 
pint ;  or,  what  is  the  same  thing,  multiply  at  once  the  number  of  c.c.  of 
alkaline  solution  used  by  7 "8 7 5  (short  factor). 

The  total  acidity  can  be  divided  into  fixed  and  volatile  by  evaporation. 
"While  the  total  acidity  is  being  determined,  evaporate  another  measured 
quantity  of  beer  to  one-third,  make  up  to  the  original  bulk  with  distilled 
water,  and  determine  the  acidity.  The  acetic  and  carbonic  acids  being 
volatile  are  driven  off,  and  lactic  and  other  acids  remain.  Deduct  the 
amount  of  alkaline  solution  used  in  this  second  process  from  the  total 
amount  used,  and  this  will  give  the  amount  required  for  the  volatile  and  fixed 
acidities  respectively;  express  one  in  terms  of  acetic,  the  other  of  lactic 
acid.  Short  factor  for  acetic  acid  =  5 "25.  The  fixed  acidity  is  greater  than 
the  volatile  in  almost  all  beers,  and  sometimes  five  or  six  times  as  much. 

Example. — 10  c.c.  of  beer  took  5  c.c.  of  alkaline  solution  :  5  x  7'875  =  39"375  grains 
of  lactic  acid  per  pint  =  total  acidity. 

After  boiling  and  making  up  to  original  bulk  with  distilled  water,  10  c.c.  took  4  c.c. 
of  alkaline  solution  :  4  x  7'875  =  31'5  grains  of  lactic  acid  per  pint  =  fixed  acidity.  The 
difference  between  the  amounts  of  alkaline  solution  used,  5-4  =  11  multiplied  by  5'25, 
gives  the  volatile  acidity. 

Generally  speaking,  the  amount  of  total  acidity  of  beer  given  in  books  is 
too  great.  It  is  seldom  found  to  be  more  than  30  grains  per  pint,  or  0'342 
per  cent.,  and  even  rarely  reaches  that;  sometimes  it  is  not  more  than  12 
or  14  grains,  or  about  0'15  per  cent. 

6.  Determination  of  Adulterations. — The  most  important  are  the 
following  : — • 

Water. — -Probably  the  most  frequent  adulteration ;  detected  by  taste ; 
determining  amount  of  alcohol  and  specific  gravity  of  the  beer  free  from 
alcohol. 

•  Alcohol. — Seldom  added ;  the  quantity  of  alcohol  is  large  in  proportion 
to  the  amount  of  extract,  as  determined  by  the  specific  gravity  after  separa- 
tion of  the  alcohol. 

Sodium  or  Calcium  Carhonate  in  order  to  lessen  Acidity. — Jfeither 
adulteration  can  be  detected  without  a  chemical  examination.  Evaporate 
beer  to  a  thick  extract,  then  put  it  in  a  retort,  acidulate  with  sulphuric  acid, 
and  distil;  if  calcium  or  sodium  acetate  be  present,  acetic  acid  in  large 
quantity  will  pass  over.  The  extract  always  contains  some  acetate,  but 
only  in  small  quantity. 

Lime. — Evaporate  to  dryness  another  portion  of  beer,  incinerate,  dissolve 
in  weak  acetic  acid,  and  precipitate  by  ammonium  oxalate.  In  un- 
adulterated beer  the  precipitate  is  moderate  only. 

Sodium  Cliloride. — This  is  hardly  an  adulteration,  unless  a  very  large 
quantity  is  added.  Take  a  measured  quantity  of  the  beer ;  evaporate  tc 
dryness ;  incinerate  at  as  low  a  heat  as  possible ;  dissolve  in  water,  and 
determine  the  sodium  chloride  by  the  standard  solution  of  nitrate  of  silver. 

Ferrous  Sulphate. — If  the  beer  be  light-coloured  a  mixture  of  potassium 
ferricyanide  and  ferrocyanide  may  be  added  at  once,  and  will  give  a 
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irecipitate  of  Prussian  blue  ;  if  the  beer  be  very  dark-coloured,  it  must  be 
nlocolourised  by  adding  solution  of  lead  subacetate  and  filtering. 

Or  evaporate  a  portion  of  beer  to  dryness  and  incinerate ;  if  any  iron  be 
oresent  the  ash  is  red ;  dissolve  in  weak  nitric  acid,  and  test  with  potassium 
o'errocyanide.  Two  grains  of  ferrous  sulphate  to  nine  gallons  of  water  give 
,  I  red  ash.    The  ash  of  genuine  porter  is  always  white,  or  greyish-white. 

Sulphuric  add  is  added  to  clarify  beet,  and  to  give  it  the  hard  flavour  of 
j,ge.  If  the  beer  be  pale,  add  a  few  drops  of  hydrochloric  acid,  and  test 
with  barium  cliloride.  A  very  dense  precipitate  may  show  that  sulphuric 
dcid  has  been  added,  but  it  must  be  remembered  that  the  water  used  in 
)orewing  may  contain  large  quantities  of  sulphates.  (The  Burton  spring- 
water  is  rich  in  calcium  sulphate.)  If  there  be  a  large  precipitate,  then 
Idetermine  the  acidity  of  the  beer  before  and  after  evaporation ;  if  the 
amount  of  fixed  acid  be  found  to  be  very  large,  there  will  be  no  doubt  that 
iuulphuric  acid  has  been  added ;  or  precipitate  with  baryta,  and  weigh. 

Mulder  recommends  that  the  extract  of  the  beer  be  heated,  and  the 
uulphur  dioxide  which  is  disengaged  led  into  chlorine  water ;  sulphuric  acid 
iwill  be  found  in  the  chlorine  water,  and  may  be  tested  for  as  usual. 

Alum. — Evaporate  to  dryness ;  incinerate,  and  proceed  exactly  as  in  the 
analysis  of  alum  in  Bread.  The  substance  added  to  give  "head"  to  beer  is 
i  1  mixture  of  alum,  salt,  and  ferrous  sulphate. 

Liquorice. — Evaporate  1  litre  of  the  beer  to  half  its  volume,  and  on 
icooHng,  precipitate  with  a  slight  excess  of  concentrated  plumbic  acetate, 
lifter  twelve  or  twenty-four  hours,  the  precipitate  is  filtered,  well  washed, 
umd  rinsed  into  a  flask,  so  that  the  whole  makes  up  to  300  to  400  c.c.  The 
liquid  is  then  heated  for  an  hour,  and  sulphuretted  hydrogen  passed  into 
tt,  while  still  warm,  until  the  lead  compounds  are  decomposed.  After  well 
ibhaldng,  the  cold  liquid  is  filtered  through  a  folded  filter  and  the  sul- 
phuretted hydrogen  washed  out. 

The  lead  sulpliide  on  the  filter  retains  the  glycyrrhizinic  acid  of  the 
iliquorice.  . 

It  is  washed  with  200  c.c.  of  50  per  cent,  alcohol  into  a  flask,  heated  to 
)boiling  and  filtered.  The  filtrate  is  evaporated  to  a  few  c.c,  and  a  few 
lirops  of  ammonia  added,  which  turns  the  pale  yeUow  liquid  brown-yellow ; 
fche  latter  is  then  evaporated  to  dryness,  the  residue  dissolved  in  3  c.c.  of 
Bwater  and  filtered.  The  filtrate  possesses  the  characteristic  taste'  of  liquorice, 
if  this  latter  be  present,  and  separates  out  a  flocculent  resinous  mass 
^glycyrretin)  on  heating  with  a  few  drops  of  hydrochloric  acid  on  the  water 
>bath.  The  residue  from  a  beer  free  from  liquorice  possesses  no  taste,  or 
(Only  a  slightly  bitter  one,  and  gives  at  the  most  only  a  whitish  turbidity. 

Other  substances  have  been  supposed  to  be  used  as  adulterants,  and 
'(formerly  this  was  the  case,  but  not  of  late  years. 


WINE. 

The  term  '  wine  '  is  held  to  mean  "  the  fermented  juice  of  the  grape  with 
ouch  additions  only  as  are  essential  to  the  stabiUty  or  keeping  quality  of 
Ithe  wine."  This  definition  admits  as  wines  those  beverages  which,  made 
tfrom  grape  juice,  require  to  preserve  them  the  addition  of  spirit,  as'in  the 
'-case  with  some  wines  from  Spain  and  Portugal;  but  it  excludes  the 
^o-called  British  wines,  which  are  not  made  from  the  juice  of  the  grape  at 
Jail,  and  those  wines  from  other  countries  which  are  fortified  with  spirit 
"Tvhen  they  require  no  such  addition. 
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When  the  sugary  juice  of  a  fruit,  such  as  the  grape,  is  left  to  itself  at  a 
moderate  temperature,  fermentation  takes  place  from  the  influence  and 
action  of  germs  which  adhere  to  the  skin  of  the  grapes  and  are  introduced 
into  the  "must"  on  pressing;  this  process  differing  very  much  from  that  in 
the  making  of  beer,  when  the  starchy  or  sugary  infusion  or  wort  is  boiled, 
and  then  yeast  added  to  make  it  ferment.  During  the  fermentation  of  the 
fruit  juice,  a  part  or  whole  of  the  sugar  is  converted  into  alcohol.  Various 
ethers,  which  give  the  characteristic  flavour  or  bouquet  to  wine,  are  formed, 
as  well  as  acetic,  malic,  succinic,  and  other  acids.  The  essential  acid  of 
wine  is  tartaric  acid  ;  much  of  this  crystallises  in  the  casks  as  cream  of 
tartar  or  tartrate  of  potash.  The  newer  wines  contain  aldehyde,  which  is 
very  intoxicating,  later  on  this  gets  oxidised  into  acetic  acid,  and,  if  exposed 
to  the  air  long  enough,  all  the  alcohol  in  a  wine  will  be  converted  into  this 
acid  so  as  to  practically  become  ordinary  wine  vinegar.  Much  of  the  colour, 
taste,  and  character  of  wines  depends  upon  how  far  they  are  made  from  the 
grape  juice  only,  or  how  much  this  is  mixed  with  the  seeds  and  skins  of  the 
fruit.  The  seeds  are  rich  in  tannin  and  a  bitter  principle,  while  the  skins 
yield  a  colouring  matter,  some  flavouring  principle,  and  tannin.  If  it  is 
desired  to  produce  white  wine,  the  "must "is  quickly  jaressed  away  from  the 
skins  and  stalks  :  while  for  red  Avine  the  skins  of  purple  grapes  are  allowed 
to  ferment  along  with  the  must,  yielding  thus  a  wine  rich  in  tannin  and 
colouring  matter. 


Specific  Gravity. 

Alcohol. 

Extract. 

Tartaric  Acid. 

Glycerine. 

Mineral  Salts. 

Sugar. 

Tannin  and 
Colouring  Matter. 

Nitrogen. 

Potash. 

Phosphoric  Acid. 

Sulphuric  Acid. 

0-9982 

7-80 

2-56 

0-57 

0-730 

0-248 

0-180 

0-043 

0-106 

0-030 

0-033 

0-9966 

10-08 

3-04 

0-52 

0-249 

0-158 

0-9958 

8-49 

2-54 

0-62 

0-810 

0-241 

0-110 

0-026 

o-i'oi 

0-037 

0-0 

0-9952 

9-02 

2-54 

0-67 

0-790 

0-215 

0-150 

0-034 

0-091 

0-03S 

0-02i 

0-9975 

12-31 

3-53 

0-49 

1-090 

0-610 

0-220 

0-242 

0-027 

0-2-21 

0-9982 

14-10 

2-96 

0-58 

0-461 

0-233 

0-195 

0-019 

0-220 

0-9976 

11-36 

2-86 

0-62 

0-550 

0-226 

0-021 

0-231 

0-230 

0-225 

0-9963 

10-31 

3-03 

0-66 

0-970 

0-250 

0-098 

0-032 

0-038 

1-0005 

8-00 

2-60 

0-81 

0-850 

0-248 

0-048 

0-085 

0-046 

0-020 

0-9949 

7-93 

2-13 

0-67 

0-680 

0-189 

0-022 

0-081 

0-034 

0-039 

0-9955 

8-00 

2-33 

0-69 

0-770 

0-204 

0-027 

0-075 

0-036 

0-026 

0-9964 

7-99 

2-24 

0-79 

0-720 

0-175 

0-031 

0-068 

0-034 

0-025 

1-0565 

10-20 

19-75 

0-60 

1-130 

0-120 

17-520 

0-016 

0-022 

1-0572 

9-60 

20-24 

0-70 

0-970 

0-120 

18-500 

0-012 

0-017 

1-0280 

8-21 

10-15 

0-57 

0-230 

0-135 

8-450 

0-059 

0-016 

0-025 

0-9943 

12-05 

3-26 

0-68 

0-240 

1-040 

0-630 

0-041 

0-108 

0-035 

0-OSO 

1-0081 

16-69 

8-05 

0-40 

0-430 

0-233 

5-843 

0-430 

0-027 

0-102 

0-031 

0-023 

0-9932 

17-45 

3-98 

0-45 

0-520 

0-380 

2-120 

0-206 

0-031 

0-128 

1-0003 

15-40 

5-52 

0-43 

0-740 

0-350 

3-230 

0-020 

0-149 

0-060 

0-075 

1-0022 

15-85 

5-27 

0-49 

0-510 

0-380 

3-530 

0-142 

0-029 

0-114 

J. -0694 

11-93 

21-73 

0-55 

0-410 

17-110 

0-041 

0-187 

0-049 

0-043 

Ked  wine  (French),  . 
„      ,,    (Rhine),  . 
„      ,,  (Austrian), 
„      „    (Hungarian),  . 
,,      ,,  (Spanish), 
,,      ,,    (Australian),  . 
„    (Cape),  . 
White  wine  (French), 
„      „  (Rhine), 
„      „    (Austrian),  . 
„      „  (Hungarian), 

Moselle  

Champagnes  (Cliquot),  . 
,,  (Roderer),  . 
,,  (Monopole), 
Tokay, 
Port,  . 
Sherry, 
Madeira, 
Marsala, 
Malaga, 


Composition  of  Wines. — According  to  the  absence  or  presence  of  sugar 
in  them,  wines  are  conveniently  divided  into  two  great  classes,  namely,  the 
light  red  and  white  wines,  from  which  sugar  is  either  entirely  absent  or 
present  in  only  very  small  amounts,  and  the  sweet  wines,  such  as  Port, 
Sherry,  and  the  Champagnes,  in  which  sugar  largely  is  present.  The  light 
wines  and  the  sparkling  wines  diff'er  slightly  in  the  amount  of  their 
contained  alcohol,  but  chiefly  differ  in  the  quantity  of  their  ethers  and 
aromatic  substances.  The  champagnes  differ  largely  from  the  ports  and 
sherries  in  their  effects,  but  as  they  contain  frequently  large  amounts  of 
sugar,  they  are  best  classed  with  them  under  the  same  heading  of  sM-eet 
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wines.  The  composition  of  wines,  it  will  be  recadily  understood,  is  some- 
vwhat  complex,  and  moreover,  very  variable.  So  far  as  it  is  possible  to 
5  summarise  this  information,  the  chief  constituents  and  their  percentage 
[proportions  are  given  in  the  preceding  table,  compiled  mainly  from  large 
i:  numbers  of  analyses  made  by  ISTessler  and  Borgmann. 

Alcohol. — With  regard  to  the  amount  of  alcohol  which  a  wine  contains 
t  there  is  no  constancy.  AU  wines  can  be  divided  according  to  their 
aalcoholic  strength  into  two  classes  :  the  natural  wines,  containing  from  6  to 
113  per  cent,  by  weight  of  alcohol;  and  the  fortified  wines,  containing  from 
112  to  22  per  cent,  by  weight  of  alcohol.  The  limit  of  alcohoHc  distinction 
hbetween  these  two  great  classes  of  wine  will  be  more  readily  understood  if 
itit  be  borne  in  mind  that  during  the  fermentation  of  any  sugary  liquid  or 
nmass,  that  process  usually  ceases  when  the  alcohol  formed  reaches  14  per 
ccent.,  so  that  any  excess  of  alcohol  over  that  amount  must,  of  necessity, 
hhave  been  added  artificially.  The  ports  and  sherries  are  all  largely  fortified 
with  added  alcohol ;  whHe  many  of  the  inferior  clarets  and  champagnes  are 
ssubject  to  very  similar  additions.  The  strongly  alcohoUc  and  fortified  wines 
aare  slow  to  undergo  change,  hence  keep  weU ;  but  the  lighter  and  natural 
wines  deteriorate  rapidly  when  exposed  to  air. 

MJiers.— The  chief  of  these  present  in  wine  are  oenanthic,  citric,  malic, 
t±artaric,  acetic,  racemic,  butyric,  caproic,  caprylic,  and  some  other  ethers  of 
inndefinite  composition.  The  "bouquet"  of  wine  is  partly  owing  to  the 
rvolatile  ethers  and  partly  to  extractive  matter.  The  characteristic  odour  of 
vnvine  is  mainly  due  to  oenanthic  ether. 

Albuminous  Matters —Extractive  Colouring  Matter.— The  quantity  of 
iklbumm  is  not  great ;  the  extractives  and  colouring  matter  vary  in  amount 
rihe  colouring  matter  is  derived  from  the  grape  skins;  it  is  naturally 
greenish  or  blue,  and  is  made  violet  and  then  red  by  the  free  acids  of  wine, 
llhe  bluish  tint  of  some  Burgundy  wines  is  owing,  according  to  Mulder,  to 
the  very  smaU  amount  of  acetic  acid  which  these  wines  contain  It  is 
wccording  to  Batilliat,  composed  of  two  matters— rosite  and  purpurite' 
With  age  changes  occur  in  the  extractive  matters ;  some  of  it  faUs 
aapothema),  especiaUy  in  combination  with  tannic  acid,  and  the  wine 
loecomes  pale  and  less  astringent. 

Sugar  exists  in  varying  amounts,  and  in  the  form,  for  the  most  part,  of 
rruit  sugar.  Sherry  generally  contains  sugar,  but  not  always ;  it  averages 
■5  grains  per  ounce,  and  appears  to  be  highest  in  the  brown  sherries,  and 
east  m  Amontillado  and  Manzanilla.  In  Madeira  it  varies  from  6  to  66 
rirains  per  oimce ;  in  Marsala  a  httle  less ;  in  Port,  from  12  to  28  grains  per 
ounce,  being  apparently  nearer  the  latter  in  the  finest  wines.  In  Cham- 
-nagne  it  amounts  to  from  6  to  28  grains,  the  average  being  about  24  grains  ; 
rat  a  good  deal  of  Champagne  is  now  drunk  as  "vinbrut,"  without  any 
ragar  In  the  Clarets,  Burgundy,  Rhine,  and  Moselle  wines  it  is  absent,  or 
present  m  small  amount. 

Fat. — A  small  amount  exists  in  some  wine. 

Free  AcMs.— Wine  is  acid  from  free  acids  and  from  acid  salts,  as  the 
jotassium  bitartrate.  The  amount  varies  from  2  to  3  grains  per  ounce. 
«,tnA"''N'P  1  """^'^^  ^^^tic,  malic,  tannic  (in  smaU 

W^?  °'  ^^"'^^'^        carbonic,  and  fatty  acids  such  as 

?  /'"'^y"^'  propionic.  Some  acids  besides  acetic  are  volatile, 
eerivp/frr  1i  T"^  quite  certain  what  they  are.  The  tannic  acid  is 
HSc;r.M  '^^^  ^''^''^^'^  ^^^^  Vort  wines;  it  is 

ed  frni  5  ^'''^  the  Rhine  wines ;  it  is  present  in  all  white  and  most 
f^a-lruit  wines,  except  champagne.     The  tannic  acid  on  keeping  pre- 
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cipitates  with  some  extractive  and  colouring  matter  (apothema  of  tannic 
acid). 

Salts.— The  salts  consist  of  bitartrate  of  potassium,  tartrate  of  calcnmi 
and  sodium,  sulphate  of  potassium,  a  little  phosphate  of  calcium  and  mag- 
nesium, chloride  of  sodium,  and  iron.  The  magnesia  is  in  larger  amount 
than  the  lime,  and  exists  sometimes  as  malate  and  acetate.  A  little  man- 
ganese and  copper  have  been  sometimes  found.  In  Ehine  wine  a  little 
ammonia  is  found  (Mulder).  The  total  amount  of  salts  is  O'l  to  O'S  per 
cent.,  i.e.,  about  9  to  26  grains  per  pint,  or  |  to  1^  grain  per  ounce.  The 
salts  can  only  be  detected  by  evaporation  and  ignition. 

The  total  solids  in  wine  vary  from  3  to  14  per  cent.,  or  in  some  of  the 
rich  liqueur-like  wines  to  more.  The  specific  gravity  depends  upon  the 
amoimt  of  alcohol  and  of  solids,  and  varies  from  0-973  to  1-002  or  more. 

Artificial  Improvement  of  Wine.— There  are  several  processes  which  are 
frequently  employed  for  either  artificially  improving  wine,  or  increasuig  its 
volume.  Thus,  the  addition  of  alcohol  to  the  wine  renders  it  stronger  and 
more  permanent ;  so,  too,  the  addition  of  glycerine  makes  it  sweeter  and 
fuller  in  the  mouth,  and  various  essences  render  it  more  fragrant  and 
highly  flavoured.  Various  colouring  matters  and  preservative  agents  are 
also  frequently  added  to  wine,  to  improve  its  appearance  and  keeping 
qualities.  Of  the  processes  which  aim  exclusively  at  an  increase  of  volume, 
the  chief  is  the  addition  of  alcohol  and  water,  sometimes  with  glycerine. 
What  is  called  "  gallising  "  is  the  dilution  of  the  "  must,"  when  it  is  too  acid, 
by  means  of  water  until  its  acidity  becomes  normal  (say  0-5  per  cent.),  and 
then  adding  cane-  or  grape-sugar  until  it  contains  from  20  to  30  per  cent. 
Yeast  wines  are  obtained  by  causing  sugar  water  to  ferment  with  wine- 
yeast,  with  an  addition  of  tartaric  acid.  Latterly  much_  wme  has  been 
obtained  by  fermenting  water  and  raisins,  with  the  occasional  addition  ot 
suitable  ingredients.  A  manufacture  of  artificial  wine  from  water,  sugar, 
tartaric  acid,  and  alcohol  is  by  no  means  unknown.  _  _  . -n  ■  i 

Apart  from  adulterations  in  the  direction  of  added  spirit  and  artificial 
colouring,  the  most  common  sophistication  of  wine  is  "  plastering  "  to  secure 
clearness  and  dryness.  The  term  "dryness,"  as  applied  to  wmes,  is  meant 
to  express  a  flavour  which  is  not  that  of  sweetness.  It  has  ahpady  been 
stated  that  the  fermentation  of  grape  juice,  in  the  formation  of  wme,  is  the 
result  of  a  vegetable  growth,  which  the  "  must "  or  juice  of  the  grape  obtams 
spontaneously.  Two  distinct  effects  foUow  the  growth  of  this  fmigus  or 
process  of  fermentation;  one  is,  the  sugar  of  the  "must"  is  converted  mto 
alcohol :  the  other  is  that  the  greater  part  of  the  albuminous  or  nitrogenous 
part  of  the  "must"  is  consumed  as  food  by  the  fungus.  If  left  alone,  the 
fermentation  goes  on  until  either  all  the  sugar  is  used  up,  or  until  the  supply 
of  sufficient  albuminous  matter  is  exhausted.  Now,  it  will  be  readily  under- 
stood that  the  relative  proportions  of  these  present  determine  which  of  the 
two  gets  exhausted  first ;  and  if  the  sugar  is  used  up  before  the  albuminous 
food  of  the  fungus,  a  dry  or  not  sweet  wine  is  produced,  while  if  the 
nitrogenous  food  is  exhausted  first,  the  remaining  unfermented  sugar  pro- 
duces a  sweet  wine.  Since  the  juice  of  the  ripe  grape  contains  from  10  to 
30  per  cent,  of  sugar,  there  is  a  very  wide  range.  .        a  f^r 

A  large  number  of  people  dislike  sweet  wmes,  hence  the  demand  for 
what  is  called  a  dry  wine.  From  what  has  been  stated  as  to  the  differen  e 
in  origin  of  a  naturally  sweet  wine  and  a  naturally  dry  wme,  it  amU  be 
apparent  that  the  poorer  the  grape  the  drier  the  wme  ^^'^.^.f^^^J/V.ence 
the  yield  from  a  poor  grape  is  less  than  that  from  a  rich  one,  hence 
naturally  dry  wine  costs  more  to  produce  than  naturally  sweet  wme.  It 
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will  also  be  apparent  that  the  conversion  of  naturally  sweet  wines  into  dry 
ones  will  not  be  difficult,  and  since  there  is  a  demand  for  dry  -wines  the 
artificial  conversion  is  frequently  performed.  It  is  carried  out  either  by 
making  the  wine  from  unripe  or  poor  grapes,  in  which  case  the  yield  of 
alcohol  and  flavour  are  both  low ;  or  it  is  done  by  adding  some  nitrogenous 
material  such  as  gelatine,  isinglass,  or  white  of  egg  to  the  "  must,"  so  as  to  feed 
the  yeast  fungus  until  all  or  nearly  all  the  sugar  in  the  grape  has  been  con- 
A-erted  into  alcohol.  This  procedure  is  sometimes  called  fining  in  the  wine 
trade,  and  is  the  least  objectionable  of  all  methods  of  artificial  drying, 
being,  as  it  is,  almost  identical  with  the  natural  cause  of  wine  dryness. 
Unfortunately,  there  are  other  methods  adopted  which  are  less  commendable 
but  more  common.  These  consist  often  in  making  an  imitation  of  the 
natural  dryness  of  wine  by  adding  factitious  salts  and  fortifying  with 
alcohol.  The  sugar  still  exists  as  largely  as  before,  only  its  taste  is 
disguised. 

Perhaps  the  most  general  method  of  increasing  the  dryness  of  a  given 
wine  is  that  of  adding  mineral  acids  and  mineral  salts,  more  particularly 
gypsum,  or  Spanish  earth.  This  is  technically  known  as  "plastering," 
Ijecause  gypsum  is  plaster  of  Paris.  This  being  largely  sulphate  of  lime, 
modifies  the  chemical  characters  of  the  -wane  by  decomposing  the  cream  of 
tartar  or  potassium  tartrate  into  calcium  tartrate,  potassium  sulphate  and 
free  tartariis  acid,  at  the  same  time  altering  the  colouring  matter  and  chan^r. 
ing  the  neutral  organic  compounds  which  exist  in  grape  juice.  The  use  of 
-gypsum  materially  clears  a  wine,  making  it  look  brilliant ;  this  is  explained 
by  the  fact  that  the  resulting  sulphate  of  potash  is  much  more  soluble  than 
the  antecedent  tartrate  of  potash.  To  a  certain  extent,  after  the  addition 
of  gypsum,  much  of  the  tartaric  acid  of  wine  is  replaced  by  sulphuric  acid 
a  body  which  renders  wine,  so  altered,  distinctly  unsuitable  for  daily  use' 
The  sherries  suffer  the  most  from  plastering— so  much  so,  that  some 
chemists  advise  that  the  plastering  of  wines  should  be  called  adulteration. 

The  chemistry  of  plastering  may  thus  be  written  :  

Gypsum.  Potassium  Acid  potassium  Calcium 

n  c/^  X'^^^^^A  suJphate.  tartrate. 

CaSO,    +    C.HsKOg    =    SO.HK    +  C^H^CaOg. 
A  further  transposition  may  ensue,  such  as  the  following,  though 
accordmg  to  Eoos  and  Thomas,  it  is  questionable.  ,  o         &  , 

Acid  potassium       Acid  potassium      Neutral  potassium  ^ 

sulphate.  phosphate.  sulphate  •Pnosphonc  acid. 

SO.HK    +     PO.H^K    =    SO,k;     +  P0,H3. 
The  nutritive  value  of  wines  is  small,  and  in  the  main  subsidiary 

0  the  stimulating  properties  of  their  contained  alcohol.  Clarets  and 
lighter  wines  are  more  or  less  anti-scorbutic,  owing  to  the  presence  of  the 
•rganic  acids.    Port  and  sherry  appear  to  predispose  to  gout.    The  presence 

t  some  albuminous  principles  in  wine  may  give  it  a  slight  nourishing  value, 
'ut  in  favour  of  such  a  view  the  evidence  is  small.  Like  malt  liquors 
.vines  act  as  stimulants  to  the  secretion  of  gastric  juice,  but  they  aU  have 
>  well-marked  retarding  effect  on  the  chemical  process  of  gastric  digestion. 
Vccordmg  to  Roberts,  this  retarding  effect  of  both  malt  liquors  and  wines  is 
lot  proportional  to  the  amount  of  alcohol  contained  in  them  :  there  is  some- 

ung  else  which  is  more  retarding  than  alcohol.  Of  the  wines,  port  and 
: ,,  "I-  ^'^'^  digestion  the  most.    Hock  and  claret  have  a  less 

il'r^  f    '  ''''^  champagne  even  still  less.    The  retarding  effects  on 

S  nT  °V  wlf""^  ""^^^  ^^"l^^''     P'°^^^^^y       ^  tl^e  inorganic 
■uts  present,  but  the  question  cannot  be  yet  regarded  as  settled.  " 
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This  will  be  directed  to  ascertain  Quality  and  Adulteration. 

The  Quality  of  wine  can  be  best  determined  Ijy  noting  the  colour,  trans- 
parency, and  taste,  and  then  determining  the  following  points  : — 

Specific  Gravity. — In  the  best  clarets,  before  the  loss  of  alcohol,  the 
specific  gravity  is  very  nearly  that  of  water.  In  some  claret  examined  by 
Hoffmann,  the  specific  gravity  was  0-99952  and  in  others  as  low  as  0-995. 
A  low  specific  gravity  shows  that  alcohol  has  been  added,  or  that  the  solids 
are  in  small  amount. 

Amount  of  Alcohol. — A  very  small  amount  may  show  the  addition  of 
water,  a  large  amount  the  addition  of  spirits.  Its  determination  should  be 
made  as  for  beer. 

Amount  of  Extract.— This  may  be  estimated  directly  by  evaporation  of 
50  c.c.  on  the  water  bath  in  a  weighed  capsule  and  calculating  the  residue 
as  a  percentage.  Indirectly,  the  extract  of  wine  may  be  ascertained  from 
the  specific  gravity  of  the  de-alcoholised  liquid  as  explained  in  the  examina- 
tion of  beer,  but  the  result  is  only  approximate. 

Amount  of  Free  Aciditij.— This  is  an  important  point,  as  it  seems  clear 
that  some  persons  do  not  readily  digest  a  large  amount  of  acid  and  acid 
salts.  The  amount  is  determined  by  the  alkaline  solution,  as  used  for 
ascertaining  the  acidities  of  bread  and  beer.  The  total  or  free  acidity  is 
generally  reckoned  as  crystallised  tartaric  acid  (C4HgOe),  1  c.c.  pf  the 
standard  alkaline  solution  being  equal  to  7-5  miUigrammes.  There  is  both 
fixed  and  volatile  acidity ;  the  relative  amount  of  the  two  is  difficult  to 
determine  satisfactorily,  as  some  acid  may  be  formed  on  distiUation.  Ihe 
distillation  should  be  conducted  at  a  low  temperature,  so  as  not  to  decompose 
the  fixed  compound  ethers.  The  volatile  acidity  is  reckoned  as  glacial 
acetic,  the  fixed  as  tartaric  acid.  All  the  acidities  of  wme  are  usuaUy 
reckoned  as  grains  per  ounce,  but  occasionally  are  stated  as  percentages. 

Example.S^y  10  c.c.  of  wine  are  exactly  neutralised  by  9-5  c.c.  of  standard  alkaline 
solution  :  9-5  x  7-5-71-25  milligrammes  of  tartaric  acid  m  10  c.c  of  wine  =  ""^  '^^^^^ 
7  =  498-75  grains  of  tartaric  acid  in  a  gallon  ot  wme,  and  498-75-160-3  IX  grams  oi 
tartaric  acid  per  ounce,  or  0  -712  per  cent. ,  of  total  or  Iree  acidity.  5x7-5x7 

After  de-alcoholisation,  say  10  c.c.  require  5  c.c.  of  alkaline  solution  :  then 

=  1-64  grain  per  ounce,  or  0-377  per  cent.,  of  fixed  acidity  as  tartaric  acid  , 
The  difference  between  the  amounts  of  alkaline  solution  used  9  o-5  =  i  5  multipuea 
by  6  X  7-M60  =  l-18  grain  per  ounce,  or  0-27  per  cent.,  of  volatile  acidity  as  acetic  acid. 

The  amount  of  free  acidity  varies  greatly  even  in  the  same  kind  of  wines ; 
the  least  acid  wines  are  Sherry,  Port,  Champagne,  the  best  Claret  and 
Madeira:  the  more  acid  wines  are  Burgundy,  Rhine  wine,  Moselle,  ine 
amount  of  free  acid  in  good  Clarets  is  equal  to  2  to  4  grams  of  tartaric  acid 
per  ounce;  in  common  Clarets  and  in  Beaujolais  it  may  be  4  to  6  grains 
and  in  some  extremely  acid  wines  it  may  be  even  more  than  this  in  tne 
best  Champagnes  it  is  2  to  3  grains  usually;  but  it  has  been  kno^^^l  to 
reach  in  excellent  Champagne  M2  per  cent.,  or  4-9  grains  per  ounce  in 
Port  it  averages  2  to  2|  grains,  but  may  reach  4  grains;  m  Sherry,  U  to 
24  grains ;  in  the  Ehine^ines,  3J  to  4  or  6  grains.  .Jhudichum  and 
Dupr.^  state  that  in  good  sound  wine  the  amount  of  free  acidity  ranges  fiom 
0-3  to  0-7  per  cent.,  or  from  TS  to  3  grains  per  ounce. 

Excessive  acidity  of  wine  can  be  corrected  l^J. '?'i'i"\S  ,f  tS' 
sium  tartrate.    Milk  is  also  often  used.    The  addition  of  the  carbonated 
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alkalies,  or  of  chalk,  alters  the  bouquet  of  the  wine.  When  wine  becomes 
stringy,  in  which  case  acetic  and  lactic  acids  are  formed,  it  may  be  improved 
by  adding  a  little  tea ;  about  one  ounce  of  tea  boiled  in  two  quarts  of  water 
should  be  added  to  about  40  gallons  of  wine.  Bitter  wine  is  treated  with 
liard  water  or  sulphur;  bad  smelling  wine  with  charcoal;  too  astringent 
wine  with  gelatine ;  wine  which  tastes  of  the  cask  with  olive  oil. 

Amount  of  Sugar.-^Th.is  can  be  estimated  by  means  of  the  copper  solu- 
tion used  in  the  determination  of  lactose  (page  337).  It  is,  however,  neces- 
sary to  render  the  wine  alkaline  by  an  addition  of  sodium  carbonate  and 
to  decolourise  before  using  the  Fehling  solution.  Strongly  coloured  wines, 
if  their  proportion  of  sugar  is  low,  may  be  decolourised  with  purified  animal 
charcoal;  but  if  the  sugar  exceeds  0'5  per  cent.,  witli  basic  lead  acetate,  and 
should  then  receive  more  sodium  carbonate.  As  animal  charcoal  retains 
sugar  from  strong  sugary  solutions,  its  use  is  inadmissible  for  wines  containing 
much  sugar.  If  there  is  reason  to  suspect  cane-sugar,  the  sugar  must  be  in- 
verted by  boiling  with  hydrochloric  acid,  the  sugar  re-determined  with  copper 
and  the  cane-sugar  calculated  from  the  difference.  As  an  alternative  to  the 
use  of  FehHng's  solution,  the  saccharometer  may  be  employed,  after  decolour- 
isation  of  the  wine. 

In  using  the  copper  solution  for  determining  the  sugar,  if  any  substance 
exists  which  is  still  turned  green  by  the  alkali  of  the  Fehling  solution,  the 
wine  must  be  neutralised,  evaporated  to  dryness,  and  the  sugar  dissolved. 
As  a  rule,  the  estimation  of  wine  sugar  by  means  of  the  copper  solution  gives 
0'5  pep  cent,  too  much  sugar,  and  a  correction  to  this  amount  should  be 
made. 

Adulterations  of  Wine  will  be  best  detected  by  attention  to  the  follow- 
ing points : — 

Water,  if  added,  will  be  known  by  taste,  by  the  amount  of  alcohol,  and 
the  specific  gravity  after  the  elimination  of  the  alcohol. 

Distilled  Spirits. — Known  by  determining  the  amount  of  alcohol,  the 
normal  percentage  of  the  particular  kind  of  wine  being  known.  By  frac- 
tional distillations  the  peculiar-smelling  fusel  oils  may  be  obtained ;  or 
merely  rubbing  some  of  the  wine  on  the  hand,  and  letting  it  evaporate,  may 
enable  the  smell  of  these  ethers  to  be  perceived. 

Artificial  Colouring  Matters. — For  distinguishing  between  the  genuine 
colouring  matter  of  wine  and  artificial  admixtures,  Dupre  suggests  the  use 
of  cubes  of  gelatine  made  by  dissolving  5  grammes  of  gelatine  in  100  c.c.  of 
distilled  water ;  when  cold,  cut  into  cubes  about  f  inch  square ;  immerse  in 
the  wine,  and  examine  after  twenty-four  to  forty-eight  hours.  If  the  wine 
is  pure,  the  colour  is  confined  almost  to  the  margin,  or  does  not  extend 
inwards  more  than  ^th  of  an  inch.  Most  of  the  other  colouring  matters 
permeate  the  jelly  ;  an  exception  is  furnished  by  Rhatany  root,  the  colouring 
matter  of  which  acts  like  that  of  wine. 

Lime  Salts. — If  wine  has  been  plastered,  the  lime  salts  are  large.  The 
only  precise  way  of  detecting  this  adulteration  is  by  evaporating  to  dryness, 
incinerating,  and  determining  the  amount  of  lime.  But  the  following  method 
is  shorter,  and  will  generally  answer.  The  natural  lime  salts  of  wine  are 
tartrate  and  sulphate  ;  when  lime  is  added  an  acetate  of  calcium  is  formed. 
Evaporate  the  wine  to  ■xo^\\;  add  twice  its  bulk  of  strong  alcohol;  the 
calcium  acetate  is  dissolved,  but  not  the  sulphate  or  tartrate ;  filter  and  test 
with  oxalate  of  ammonium  ;  if  a  large  precipitate  occur,  lime  has  probably 
been  added. 

Tannin  may  be  detected  either  by  chloride  of  iron  or  by  adding  gelatine, 
s  Eut  as  tannin  exists  naturally  in  most  of  the  red  wines  (Port,  Beaune, 
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Roussillon,  Hermitage,  &c.),  the  question  becomes  often  one  of  quantity. 
The  amount  of  tannin  can  be  estimated  by  drying  the  tanno-gelatine,  weigh- 
ing it,  and  calculating  on  the  basis  that  each  100  parts  contain  40  of  tannin. 

Alum. — This  is  detected  precisely  in  the  same  manner  as  in  bread. 
Evaporate  a  pint  of  the  wine  to  dryness ;  incinerate,  and  then  proceed  as 
directed  in  the  Examination  op  Bread. 

Lead. — Evaporate  to  dryness,  and  incinerate ;  dissolve  in  dilute  nitric 
acid,  and  test  as  directed  in  the  Examination  of  Water. 

Copper. — Decolourise  with  animal  charcoal,  and  test  at  once  with  ferro- 
cyanide  of  potassium. 

Port  wine,  as  sold  in  the  market,  is  stated  to  be  a  mixture  of  true  Port, 
Marsala,  Bordeaux,  and  Cape  wines  with  brandy,  although  at  present  it  is 
probably  purer  than  it  used  to  be,  purer  perhaps  than  most  other  wines. 
Inferior  kinds  are  still  adulterated  with  logwood,  elderberries,  catechu,, 
prune  juice,  and  a  little  sandalwood  and  alum. 


SPIEITS. 

Of  all  the  alcoholic  beverages,  spirits  contain  the  largest  amount  of 
alcohol.  They  are  all  made  by  the  distillation  of  alcohol  from  the  fermenta- 
tion of  various  saccharine  or  starchy  materials.  The  more  common  spirits 
in  this  country  are  brandy,  whisky,  rum,  and  gin.  The  basis  of  all  of  them 
is  ethylic  alcohol,  mixed  with  water  :  but  they  all  contain  other  alcohols, 
usually  classed  together  under  the  name  of  fusel  oil,  various  compound  ethers 
and  fragrant  bodies  produced  during  distillation.  It  is  the  varying  pro- 
portions of  these  latter  which  give  the  respective  spirits  their  characteristic 
taste  and  aroma.  After  being  kept  for  some  years,  spirits  become  mellowed 
or  softened  down ;  this  was  formerly  supposed  to  be  due  to  the  diminution 
of  the  so-called  fusel  oil,  but  it  is  now  more  generally  regarded  as  due  to  a 
lessening  both  in  quantity  and  quality  of  the  empyreumatic  or  flavouring 
substances. 

The  following  table  gives  the  chief  points  of  importance  : — 


Name. 

Sp.  gr.  at 

60°  F. 

Alcohol 
per  cent. 

Solids 
per 
cent. 

Ash 
per  cent. 

Acidity 
per  ounce, 
reckoned 
as  tartaric 
acid. 

Sugar 
per  cent. 

Brandy,  . 
Gin, 

Whisky. . 
Rum, 

0-929-0 -934 
0-930-0-944 
0-915-0 -920 
0-874-0 -926 

45-55 
40-50 
50-55 
50-60 

1-2 
1-2 

0-  6 

1-  0 

0-05-0-2 
0-1 
trace 
0-1 

1  £frain 
0-2 
0  2 
0-5 

0  or  traces 
1 
0 
0 

Brandy  is  made  by  the  distillation  of  fermented  grape  juice.  When  first 
distilled  it  is  colourless,  but  gradually  darkens  with  age,  though  too  often 
artificially  coloured  by  means  of  burnt  sugar.  Pure  brandy  consists  of 
Avater,  alcohol,  acetic  acid,  acetic  and  cenanthic  ethers,  a  volatile  oil,  colour- 
ing matter,  and  tannin.  It  usually  contains  from  45  to  55  per  cent,  of 
alcohol.  The  best  kinds  come  from  France,  the  more  inferior  from  Spain, 
Portugal,  and  Italy.  The  chief  adulterations  are  water,  cayenne  pepper, 
burnt  sugar,  and  acetic  ether.  Some  of  the  cheaper  brandies  are  not  made 
from  grape  juice  at  all,  but  are  mere  imitations,  made  from  corn  spirit. 


WHISKY — GIN — RUM. 
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Havoured  and  coloured.  According  to  Wynter-Blytli,  a  very  usual  process 
of  making  brandy  artificially  in  England  is  to  add  to  every  100  parts  of 
proof  spirit  from  ^  to  1  ft)  of  argol,  some  bruised  French  plums,  and  a 
quart  of  good  Cognac ;  the  mixture  is  then  distilled,  and  a  little  acetic 
ether,  tannin,  and  burnt  sugar  added  afterwards. 

Whisky  is  really  one  of  the  corn  spirits,  being  made  from  malted  grain. 
The  more  inferior  kinds  are  prepared  from  oats,  barley,  or  rye,  or  from 
potatoes  mashed  up  with  malted  barley  and  then  roughly  distilled  and  burnt 
in  order  to  give  it  the  peculiar  smoky  flavour  characteristic  of  some 
varieties.  Whisky  usually  contains  from  40  to  50  per  cent,  of  alcohol. 
Its  adulterations  are  much  the  same  as  those  of  brandy. 

Gin,  in  this  country,  is  usually  made  from  a  mixture  of  malt  and  barley, 
flavoured  not  only  with  juniper  berries,  but  with  oil  of  turpentine,  orange 
peel,  and  several  other  aromatic  substances.  In  Holland,  it  is  made  from 
unmalted  rye,  and  barley  malt  with  juniper  berries.  In  consequence  of  the 
juniper  and  turpentine  contained  in  gin,  it  is  a  direct  stimulant  to  the 
kidneys.  It  usually  contains  from  40  to  50  per  cent,  of  alcohol.  Its  chief 
adulteration  is  water,  which  makes  it  turbid ;  to  remove  this,  alum  and  acetate 
of  lead  are  employed,  followed  by  the  addition  of  sugar  and  cayenne  pepper 
to  sweeten  it  and  give  it  pungency.  Speaking  generally,  gin  is  the  spirit  of 
wliich  most  is  annually  consumed  by  the  public,  and  the  spirit  which  is 
most  often  adulterated. 

Rum  is  a  spirit  obtained  by  distillation  from  the  fermented  skimmings  of 
sugar  boilers  or  the  drainings  of  sugar  barrels  (molasses).  Like  brandy,  it 
is  colourless  when  first  distilled,  but  it  is,  later  on,  artificially  coloured  with 
burnt  sugar.  The  peculiar  flavour  of  rum  is  due  to  butyric  ether  and  a  volatile 
oil ;  the  amount  of  alcohol  present  in  rum  is  from  50  to  60  per  cent.  An 
imitation  flavouring  identical  with  that  of  the  Jamaica  rum,  so  often  flavoured 
with  slices  of  pine-apple,  is  made  by  distilling  butter  with  sulphuric  acid 
and  alcohol,  and  then,  by  means  of  the  resulting  butyric  compound,  a 
factitious  rum  can  be  made  from  malt  or  molasses  spirit. 

When  quite  pure  and  free  from  water,  alcohol  is  termed  absolute  alcoJiol, 
having  a  specific  gravity,  at  60°  R,  of  0-79381  :  Avhen  mixed  with  16  per 
cent,  of  water,  it  is  called  rectified  spirit,  and  when  mixed  with  42 "95  per 
cent.,  volume  in  volume  of  water,  it  constitutes  j^roof  spirit. 

Proof  Spirit  is  a  term  constantly  in  use  for  excise  purposes,  signifying  a 
ililute  spirit  of  definite  strength.  If  expressed  as  volume  in  volume,  proof 
spirit  contains  5 7 '05  per  cent,  of  absolute  alcohol :  if  as  weight  in  weight, 
4'.) -25  per  cent. :  if  as  weight  in  volume,  42 '46  per  cent.  :  the  remainder  in 
each  case  being  distilled  water.  The  ratio  of  alcohol  to  proof  spirit  in  each 
of  these  cases  being  for  volume  in  volume,  as  1  is  to  1'753  :  for  weight  in 
weight,  as  1  is  to  2-03  :  and  for  weight  in  volume,  as  1  is  to  2*355.  We 
can,  therefore,  if  in  any  case  the  percentage  of  contained  alcohol  be  known, 
calculate  the  amount  of  proof  spirit  present  by  multiplying  the  given  per- 
centage of  alcohol  by  any  of  the  foregoing  ratios. 

Spirits  which  are  weaker  than  proof  are  described  as  being  under  proof ; 
when  stronger  than  proof,  as  being  over  proof.  Thus,  say  a  sample  of 
whisky  is  found  to  contain  70  per  cent.,  volume  in  volume,  of  alcohol; 
then  70  X  1-753  =  1227,  and  the  excess  of  this  product  over  100,  or  22-7, 
gives  the  number  of  degrees  over  proof  which  the  sample  is.  If,  on  the 
otlier  hand,  it  contained  but  24  per  cent,  of  alcohol,  volume  in  volume,  then 
--4  X  1-753  =  42-07,  and  by  just  so  much  as  this  figure  is  greater  or  less  than 
100,  so  is  the  sample  degrees  over  or  under  proof,  that  being,  in  this  case, 
]ust  57-93  under  proof.    Conversely,  if  the  degree  of  strength  of  any  spirit 


408 


BEVERAGES  AND  CONDIMENTS. 


over  or  under  proof  be  known,  tlie  percentage  of  alcohol  present  can  be 
calculated  either  as  volume  in  volume,  weight  in  weight,  or  weight  in 
volume.    Thus,  say  a  sample  of  brandy  be  x  degrees  over  proof ;  theij 

T'TF^  gives  the  percentage,  volume  in  volume,  of  alcohol  which  it  contains! 

If  it  be  X  degrees  under  proof,  then  gives  the  percentage,  volume 

1  *7o3 

in  volume,  again  of  alcohol. 

The  Sale  of  Food  and  Drugs  Amendment  Ad,  1879,  allows  brandy, 
whisky  or  ram  to  be  25  degrees  under  proof;  equal  to  42-8  per  cent,  of 
absolute  alcohol,  volume  in  volume,  or  31 '8  per  cent,  of  weight  in  volume. 
This  gives  a  specific  gravity  of  0-947.  Gin  is  allowed  to  be  35  degrees 
under  proof,  equal  to  37*7  i>er  cent,  volume  in  volume,  or  28-1  per  centl 
weight  in  volume  of  absolute  alcohol.  This  gives  a  specific  gravity  of  0-9563. 
Proof  spirit  contains  57-05  volume  in  volume,  or  42-46  weight  in  volume  of 
absolute  alcohol,  sp.  gr,  0-9198,  or  49-25  weight  in  weight  per  cent. 

Alth  ough  the  alcohol  in  spirits  can  be  determined  by  means  of  the  specific 
gravities  before  and  after  de-alcoholisation,  as  explained  for  beer  and  wines, 
still  the  strength  of  spirits  is  frequently  ascertained  by  the  use  of  Sikes' 
hydrometer,  and  a  book  of  tables  for  its  employment. 

A  sample  of  the  spirits  to  be  tested  is  poured  into  a  trial  glass,  and  the 
temperature  ascertained  by  means  of  a  thermometer  in  the  usual  way.  The 
hydrometer  is  taken,  and  one  of  the  weights  is  attached  to  the  stem  below 
the  ball :  it  is  then  pressed  down  to  the  0  on  the  stem.  If  the  right  weight 
has  been  selected  it  will  float  up  to  one  of  the  divisions  on  the  stem.  The 
number  on  the  stem  is  then  read  off  and  added  to  the  number  on  the  weight ; 
the  sum  is  called  the  indication.  The  book  of  tables  is  then  opened  at  the 
temperature  first  found,  and  the  indication  looked  for  in  one  of  the  columns : 
opposite  it  will  be  found  the  strength  of  the  spirits  over  or  under  proof.  If 
at  the  temperature  60°  F.  the  indication  is  58-8,  then  opposite  this  will  be 
found  zero,  that  is,  the  spirit  is  the  exact  strength  of  proof.  If  the  indica- 
tion is  50,  then  opposite  that  is  12*8  or  the  spirit  is  12-8  over  proof :  if  the 
indication  is  70,  then  opposite  is  18-9,  or  the  spirit  is  18-9  under  proof. 
The  meaning  of  these  expressions  is — (1)  If  the  spirit  be  12-8  over  proof, 
then,  in  order  to  reduce  it  to  proof,  12-8  gallons  of  water  must  be  added 
to  100  gallons  of  the  spirit :  the  resulting  mixture  will  be  proof  ;  (2)  if  the 
spirit  be  18-9  under  proof,  this  means  that  100  gallons  contain  only  as  much 
alcohol  as  81*1  (i.e.,  100-18-9)  of  proof  spirit:  to  raise  it  to  proof  it 
would  have  to  be  mixed  with  an  equal  quantity  of  spirit  as  much  above 

proof  as  it  is  below  it,  so  that  lOQ  -       +  118-9  ^ 

2 

The  presence  of  sugar  or  extractives  renders  the  use  of  the  hydrometer 
fallacious  unless  the  spirit  is  distilled  off  and  the  instrument  then  used  on 
the  distillate. 


THE  DIETETIC  USE  OF  ALCOHOL  AND  ALCOHOLIC 

BEVERAGES. 

In  endeavouring  to  determine  the  dietetic  value  of  alcoholic  beverages,  it 
is  desirable  to  see,  in  the  first  place,  what  are  the  effects  of  their  most 
important  constituent,  viz.,  alcohol. 

Three  sets  of  arguments  have  been  used  in  discussing  this  question, 
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drawn,  namely,  from — 1,  the  physiological  action  of  alcohol;  2,  experience 
of  its  use  or  abuse ;  and  3,  moral  considerations. 

The  last  point  will  not  be  further  alluded  to,  for  without  underrating 
the  great  weight  of  the  argument  ,  drawn  from  the  misery  which  the  use  of 
alcohol  produces, — a  misery  so  great  that  it  may  truly  be  said,  that  if 
alcohol  were  unknown,  half  the  sin  and  a  large  part  of  the  poverty  and 
unhappiness  in  the  world  would  disappear, — yet  this  part  of  the  subject  is 
so  obvious  that  it  seems  unnecessary  to  occupy  space  with  it.  The  argu- 
ments, however,  which  are  strongest  for  total  abstinence,  are  drawn  from 
this  class.  'Not  does  anyone  entertain  a  mordent's  doubt  that  the  effect  of 
intemperance  in  any  alcoholic  beverage  is  to  cause  premature  old  age,  to  pro- 
duce or  predispose  to  numerous  diseases,  and  to  lessen  the  chance  of  living 
very  greatly.  All  statistics  from  life  assurance  offices  and  other  provident 
institutions  put  this  in  a  very  strong  light. 

The  physiological  argument  for  the  use  or  disuse  of  alcohol  requires  to  be 
used  with  caution,  as  our  knowledge  of  the  action  of  pure  alcohol  (much 
more  of  the  alcoholic  beverages)  is  imperfect. 

When  taken  into  the  stomach,  alcohol  is  absorbed  without  alteration,  or 
is  perhaps  in  some  small  degree  converted  into  acetic  acid,  possibly  by  the 
action  of  the  mucus  or  secretion  of  the  stomach.  The  rate  of  absorption 
is  not  known,  and  it  has  been  supposed  that  when  given  in  very  large 
quantities  it  may  not  be  absorbed  at  all.  It  has  not,  however,  been  re- 
covered from  the  faeces  in  any  great  amount.  After  absorption  it  passes 
into  the  blood,  and,  according  to  Schmiedeberg,  forms  a  compound  with 
haemoglobin,  which  more  readily  gives  off  oxygen  than  haemoglobin  itself. 
The  result  of  this  is  that  alcohol  lessens  oxidation  in  the  blood  and  tissues. 
Most  of  the  alcohol  taken  is  oxidised  in  the  body,  the  products  being 
excreted  in  the  urine.  In  dietetic  doses,  some  of  the  alcohol  may  be 
detected  in  the  expired  air,  but  it  can  be  detected  in  the  urine  only  when 
the  dose  is  excessive.  The  presence  of  alcohol  in  the  urine  is  there- 
fore, to  some  extent,  a  chemical  test  of  an  excess  of  alcohol  having  been 
taken. 

The  place  where  the  partial  oxidation  of  alcohol  occurs  is  yet  doubtful ; 
but  it  is  not  impossible  that  the  transformation  should  take  place  in  the 
various  gland-cells  in  which  almost  all,  or  all,  the  changes  in  the  body  occur. 
As  the  change  out  of  the  body  which  most  easily  occurs  is  the  formation  of 
acetic  acid,  it  seems  at  present  most  likely  that  some  of  the  alcohol  is  thus 
transformed.  The  acetic  acid  would  then  unite  with  the  soda  of  the  blood, 
and  a  carbonate  would  eventually  be  formed  which  would  be  eliminated 
with  the  urine,  as  in  the  case  when  acetates  are  taken.  This  would  account 
for  the  pulmonary  carbonic  acid  not  being  increased.  If  this  view  be 
correct,  the  use  of  alcohol  in  nutrition  would  be  limited  to  the  effects  it 
produces,  first  as  alcohol,  and  subsequently  as  acetic  acid,  when  it 
neutralises  soda,  and  is  then  changed  into  carbonate. 

The  first  point  only  (its  effects  as  alcohol)  need  be  considered. 

In  very  small  quantities  it  appears  to  aid  digestion ;  in  larger  amount  it 
checks  it,  reddens  the  mucous  membrane,  and  produces  the  "chronic 
catarrhal  condition  "  of  Wilson  Fox,  viz.,  increase  of  the  connective  tissue 
between  the  glands ;  fatty  and  cystic  degeneration  of  the  contents  of  the 
glands,  and,  finally,  more  or  less  atrophy  and  disappearance  of  these  parts. 
Taken  habitually  in  large  quantities  it  lessens  appetite. 

The  action  of  small  quantities  on  the  amount  of  bile,  or  glycogenic  sub- 
stances, or  on  the  other  chemical  conditions  of  the  liver,  is  not  known. 
Applied  directly  to  the  liver  by  injection  into  the  portal  vein,  it  increases 
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the  amount  of  sugar  (Harley).  Taken  daily  in  large  quantities,  it  causes 
either  enlargement  of  the  organ  by  producing  albuminoid  and  fatty  deposit, 
or  it  causes  at  once,  or  following  enlargement,  increase  of  connective  tissue, 
and,  finally,  contraction  of  Glisson's  capsule,  and  atrophy  of  the  portal 
canals  and  cells,  by  the  pressure  of  a  shrinking  exudation.  The  exact 
amount  necessary  to  produce  these  changes  in  the  liver  and  stomach  has  not 
yet  been  fixed  with  precision. 

It  is  said  to  lessen  the  amount  of  carbon  dioxide  (and  of  watery  vapour  ?) 
in  the  air  of  expiration,  though  there  are  some  discrepancies  in  experiments 
with  different  kinds  of  spirits.  E.  Smith,  for  example,  found  the  expired 
carbon  dioxide  lessened  by  brandy  and  gin,  but  increased  by  rum.  It  is 
very  important  that  these  experiments  should  be  repeated,  but  they  show, 
at  any  rate,  that  the  usual  effect  is  not  to  increase  the  carbon  dioxide.  In 
large  quantities  habitually  taken  it  also  alters  the  molecular  constitution  of 
the  lungs,  as  chronic  bronchitis  and  lobar  emjjhysema  are  certainly  more 
common  in  those  who  take  much  alcohol. 

Alcohol,  in  healthy  persons,  increases  the  force  and  quickness  of  the 
heart's  action.  It  further  tends  to  increase  the  blood  pressure,  and  to 
increase  the  flow  of  blood  from  the  arteries  into  the  veins.  The  effect  on 
the  blood  pressure  is,  however,  largely  counterbalanced  by  a  coincident 
dilatation  of  the  cutaneous  blood-vessels,  which  thus  become  flushed,  and 
tend  to  produce  more  or  less  sensible  perspiration. 

In  most  persons,  alcohol  appears  to  act  at  once  as  an  anaesthetic,  lessen- 
ing also  the  rapidity  of  impressions,  the  power  of  thought,  and  general 
acuteness  and  the  perfection  of  the  senses.  In  other  cases  it  seems  to  cause 
increased  rapidity  of  thought,  and  excites  imagination,  but  even  here  the 
power  of  control  over  a  train  of  thought  is  lessened.  In  no  case  does  it 
seem  to  increase  accuracy  of  sight ;  nor  is  there  any  good  evidence  that  it 
quickens  hearing,  taste,  smell,  or  touch ;  indeed,  Edward  Smith's  experi- 
ments show  that  it  diminishes  all  the  senses.  In  almost  all  cases  moderate 
quantities  cause  a  feeling  of  comfort  and  exhilaration,  which  ensues  so 
quickly  as  to  make  it  probable  that  the  local  action  on  the  nerves  of  the 
stomach  has  at  first  something  to  do  with  this.  Afterwards  the  increased 
action  of  the  heart  may  have  an  effect.  Different  spirits  act  differently  on 
the  nervous  system,  owing  probably  to  the  presence  of  the  ethers  and  oils. 
Absinthe  appears  especially  hurtful,  apparently  from  the  presence  of  the 
essential  oils  of  anise,  wormwood,  and  angelica,  as  well  as  from  the  large 
amount  of  alcohol. 

In  spite  of  much  large  experience,  it  is  uncertain  whether  alcohol  really 
increases  mental  power.  The  brain  circulation  is  no  doubt  augmented  in 
rapidity ;  the  nervous  tissues  must  receive  more  nutriment,  and  for  a  time 
must  work  more  strongly.  Ideas  and  images  may  be  more  plentifully 
produced,  but  it  is  a  question  whether  the  power  of  clear,  consecutive,  and 
continuous  reasoning  is  not  always  lessened.  In  cases  of  great  exhaustion 
of  the  nervous  system,  as  when  food  has  been  withheld  for  many  hours  and 
the  mind  begins  to  work  feebly,  alcohol  revives  mental  power^  greatly, 
probably  from  the  augmented  circulation.  But,  on  the  whole,  it  -  seems 
questionable  whether  the  brain  finds  in  alcohol  a  food  which  by  itself  can 
aid  in  mental  work. 

After  taking  alcohol,  voluntary  muscular  power  seems  to  be  lessened, 
and  this  is  most  marked  when  a  large  amount  of  alcohol  is  taken  at  once ; 
the  finer  combined  movements  are  less  perfectly  made.  Whether  this  is  by 
direct  action  on  the  muscular  fibres,  or  by  the  influence  on  the  nerves,  is 
not  certain.    In  very  large  doses  it  paralyses  either  the  respiratory  muscles 
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the  nerves  supplying  tliem,  and  death  sometimes  occurs  from  the  inter- 
ii'rence  with  respiration. 

A  small  quantity  of  alcohol  does  not  seem  to  produce  much  effect,  but 
;ore  than  2  fluid  ounces  manifestly  lessens  the  power  of  sustained  and 
long  muscular  work.    In  the  case  of  a  man  on  Avhom  Parkes  experi- 
lented,  4  fluid  ounces  of  brandy  (  =  1*8  fluid  ounce  of  absolute  alcohol) 
lid  not  apparently  affect  labour,  though  it  could  not  be  affirmed  it  did  not 
'0  so;  but  4  ounces  more  given  after  four  hours,  when  there  must  have 
■en  some  elimination,  lessened  muscular  force  ;  and  a  third  4  ounces,  given 
ur  hours  afterwards,  entirely  destroyed  the  power  of  work.    The  reason 
:i3  evidently  twofold.    There  was,  in  the  first  place,  narcosis  and  blunting 
;  the  nervous  system — the  will  did  not  properly  send  its  command  to  the 
uscles,  or  the  muscles  did  not  respond  to  the  will ;  and,  secondly,  the 
•tion  of  the  heart  was  too  much  increased,  and  induced  palpitation  and 
ireathlessness,  which  put  a  stop  to  labour.    The  inferences  were,  that  even 
my  amount  of  alcohol,  altliough  it  did  not  produce  symptoms  of  narcosis, 
\  ould  act  injuriously,  by  increasing  unnecessarily  the  action  of  the  heart, 
vhich  the  labour  alone  had  sufficiently  augmented.    These  experiments  are 
II  accord  with  common  experience,  which  shows  that  men  engaged  in  very 
lard  labour,  as  iron-puddlers,  glass-blowers,  navvies  on  piece-work,  and 
irize-fighters  during  training,  do  their  work  more  easily  without  alcohol. 

In  the  exhaustion  following  great  fatigue,  alcohol  may  be  useful  or 
lurtful  according  to  circumstances.  If  exertion  must  be  resumed,  then  the 
ction  of  the  heart  can  be  increased  by  alcohol  and  more  blood  sent  to  the 
uuscles ;  of  course,  this  must  be  done  at  the  expense  of  the  heart's  nutri- 
ion,  but  circumstances  may  demand  this.  In  the  case  of  an  army,  for 
'xample,  called  on  to  engage  the  enemy  after  a  fatiguing  march,  alcohol 
uight  be  invigorating.  But  the  amount  must  be  small,  i.e.,  much  short  of 
)roducing  narcosis  (not  more  than  J  fluid  ounce  of  absolute  alcohol),  and,  if 
lossible,  it  should  be  mixed  with  Liebig's  meat  extract,  which,  perhaps  on 
tccount  of  its  potash  salts,  has  a  great  power  of  removing  the  sense  of 
|.  .atigue. 

About  two  ounces  of  red  claret  wine  with  two  teaspoonfuls  of  Liebig's 
sxtract  and  half  pint  of  water  is  a  very  reviving  draught,  and  if  it  could 
loe  issued  to  troops  exhausted  by  fatigiie,  would  prove  a  most  useful  ally. 

But  when  renewed  exertion  is  not  necessary  it  would  appear  most  proper 
fiifter  great  fatigue  to  let  the  heart  and  muscles  recruit  themselves  by  rest ; 
i>o  give  digestible  food,  but  to  avoid  unnecessary  and  probably  hurtful 
quickening  of  the  heart  by  alcohol. 

How  far  alcohol  sensibly  lowers  the  temperature  of  the  body  in  health  is 
titiU  a  matter  of  dispute,  but  there  is  no  doubt  that  in  some  cases  of 
e'ever,  especially  in  children,  alcohol  does  lower  the  temperature.  Lauder 
iBrunton  has  suggested  that,  in  health,  it  tends  to  lower  the  body  tempera- 
aure  in  two  ways:  first,  in  medium  doses,  "by  dilating  the  "cutaneous 
eressels,  whereby  more  blood  comes  to  the  surface  of  the  body,  and  thus 
more  heat  is  lost  by  radiation  and  by  means  of  the  increased  perspiration  ; 
wecond,  -when  giveii  in  large  doses,  by  lessening  the  processes  of  oxidation 
m  the  body."  Although  there  are  doubts  whether  alcohol  really  lowers  the 
semperature  of  the  healthy  body,  there  is  no  doubt  whatever  that  it  lowers 
ihe  natural  resistance  of  the  body  against  cold.  "  When  a  person  is 
exposed  to  extreme  cold  for  long  periods,  as  in  the  Arctic  regions,  he  may 
elerive  some  temporary  comfort  and  sensation  of  warmth  from  taking  alcohol ; 
lout  his  power  of  resistance  to  the  intense  cold  is  lessened,  and  instances  have 
Been  recorded  where  death  has  occurred  under  such  conditions  during  sleep." 
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Under  circumstances  of  great  heat,  the  evidence  is  almost  equally  con- 
clusive against  the  use  of  spirits  or  beverages  containing  much  alcohol.  It 
seems  quite  certain,  also,  that  not  only  is  heat  less  well  borne,  but  that 
heat-stroke  is  predisposed  to. 

When  there  is  want  of  food,  it  is  generally  considered  that  alcohol  has  a 
sustaining  force,  and  possibly  it  acts  partly  by  keeping  up  the  action  of  the 
heart,  and  partly  by  deadening  the  susceptibility  of  the  nerves.  It  was 
formerly  supposed  that  it  lessened  tissue-change,  and  thus  curtailed  the 
waste  of  the  body ;  but  this  is  not  true  of  the  nitrogenous  tissues,  and  it  is 
not  yet  quite  certain  in  respect  of  the  carbonaceous.  It  seems  unlikely  that 
alcohol  would  be  applied  differently  during  starvation  and  during  usual 
feeding. 

Cases  are  recorded  in  which  persons  have  lived  for  long  periods  on  almost 
nothing  but  wine  and  spirits.  In  most  cases,  however,  some  food  has  been 
taken,  and  sometimes  more  than  Avas  supposed,  and  in  all  instances  there 
has  been  great  quietude  of  mind  and  Isody.  It  seems  very  doubtful 
whether  in  any  case  nothing  but  alcohol  has  been  taken  ;  and,  in  fact,  we 
may  fairly  demand  more  exact  data  before  weight  can  be  given  to  this 
statement. 

There  are  instances  for  and  against  the  view  that  spirits  are  useful  against 
malaria.  On  both  sides  the  evidence  is  defective ;  but  there  are  so  many 
cases  in  which  persons  have  been  attacked  with  malarious  disease  who  took 
spirits,  that  it  is  impossible  to  consider  the  preventive  powers  great,  even  if 
they  exist  at  all.  On  the  other  hand,  when  teetotalers  have  escaped  malaria 
there  have  been  other  circumstances,  such  as  more  abundant  food  and  better 
lodging,  which  will  explain  their  exemption.  The  probability  is,  that  the 
reception  and  action  of  malaria  are  not  influenced  by  the  jsresence  or  absence 
of  alcohol  in  the  blood  unless  the  amount  of  alcohol  is  so  great  as  to  lessen 
the  amount  of  food  taken. 

Alcohol  is  contra-indicated  where  zymotic  diseases  generally  are  likely  to 
be  prevalent,  as  it  retards  due  elimination  of  effete  azotised  products,  and 
thus  renders  the  system  more  prone  to  disease.  On  the  other  hand,  there 
is  no  direct  evidence  that  teetotalers  are  more  exempt  from  cholera,  yellow 
fever,  and  other  zymotics  than  those  who  use  alcohol  with  moderation. 

The  question  arises,  is  alcohol  desirable  as  an  article  of  diet  in  health  1 
To  it  a  satisfactory  answer  can  hardly  be  given,  with  our  present  knowledge. 
The  data  for  passing  a  judgment  are  partly  physiological,  but  still  more 
largely  empirical. 

The  obvious  useful  physiological  actions  of  alcohol  are  an  improvement 
in  appetite,  produced  by  small  quantities,  and  an  increased  activity  of  the 
circulation,  which,  within  certain  limits,  may  be  beneficial.  It  is  difficult  to 
perceive  proof  at  present  of  any  other  useful  action,  since  it  is  uncertain 
whether,  during  its  partial  destruction  in  the  system,  it  gives  rise  to  energy, 
in  cases  of  disease,  in  addition  to  its  effect  on  digestion  and  circulation,  its 
narcotising  influence  on  the  nervous  system  may  be  sometimes  useful.  Beale 
suggests  that  it  may  restrain  the  rapidity  of  abnormal  growth  or  develop- 
ment of  multiplying  cells,  and  that  by  such  arrest  it  may  possibly  diminish 
bodily  temperature ;  but  proof  of  this  has  not  been  given. 

The  dangerous  physiological  actions  in  health,  when  its  quantity  is  larger, 
are  evidently  its  influence  on  the  nervous  system  generally,  and  on  the 
regulating  nerve-centres  of  the  heart  and  vaso-motor  nerves  in  particular ; 
the  impairment  of  appetite  produced  by  large  doses ;  the  lessening  of  muscular 
strength  ;  and  remotely  the  production  of  degenerations.  Except  when  it 
lessens  appetite,  it  does  not  alter  the  transformation  of  the  nitrogenous 
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tissues  and  the  elimination  of  nitrogen  ;  nor  can  it  be  held  to  be  absolutely- 
proved  to  lessen  the  excretion  of  carbon.  If  it  did  so,  this  effect  in  health 
would  be  simply  injurious. 

It  is  a  matter  of  the  highest  importance  to  determine  when  the  limit  of 
I  the  useful  effect  of  alcohol  is  reached.  The  experiments  are  few  in  number, 
but  are  tolerably  accurate.  From  experiments  made  by  Anstie,  an  amount 
of  one  fluid  ounce  and  a  half  (42-6  c.c.)  caused  the  appearance  of  alcohol  in 
the  urine,  which  Anstie  regards  as  a  sign  that  as  much  has  been  taken  as 
can  be  disposed  of  by  the  body.  Parkes  and  Wollowicz  obtained  almost 
[irecisely  the  same  result.  When  only  one  fluid  ounce  of  absolute  alcohol 
^\•as  given,  none  could  be  detected  in  the  urine.  They  found  that  in  a  strong 
healthy  man,  accustomed  to  alcohol  in  moderation,  the  quantity  given  in 
twenty-four  hours  that  begins  to  produce  effects  which  can  be  considered 
injurious  is  sometliing  between  one  fluid  ounce  ( =  28"35  c.c.)  and  two  fluid 
ounces  (56-7  c.c).  The  effects  which  can  then  be  detected  are  slight  but 
evident  narcosis,  lessening  of  appetite,  increased  rapidity  of  rise  in  the  action 
of  the  heart,  greater  dilatation  of  the  small  vessels  as  estimated  by  the 
sphygmograph,  and  the  appearance  of  alcohol  in  the  urine.  These  effects 
manifestly  mark  the  entrance  of  that  stage  in  the  greater  degrees  of  which 
the  poisonous  effects  of  alcohol  become  manifest  to  all. 

It  may  be  considered,  then,  that  the  limit  of  the  useful  effect  is  produced 
by  some  quantity  between  1  and  1|-  fluid  ounce  in  twenty-four  hours. 
There  may  be  persons  whose  bodies  can  dispose  of  larger  quantities ;  but 
:is  the.  experiments  were  made  on  two  powerful  healthy  men,  accustomed 
to  take  alcohol,  the  average  amount  was  more  likely  to  be  over  than  under 
stated.  In  women,  the  amount  required  to  produce  decided  bad  effects 
must,  in  all  probabiHty,  be  less.  For  children,  there  is  an  almost  universal 
consent  that  alcohol  is  injurious,  and  the  very  small  quantity  which 
produces  symptoms  of  intoxication  in  them  indicates  that  they  absorb  it 
rapidly  and  tolerate  it  badly. 

Assuming  the  correctness  of  these  experimental  data,  which,  though  not 
extensive,  are  yet  apparently  exact,  it  is  evident  that  moderation  must  be 
something  below  the  quantities  mentioned ;  and  considering  the  dangers  of 
taking  excess  of  alcohol,  it  seems  wisest  to  assume  1  to  1^  fluid  ounce  of 
absolute  alcohol  in  twenty-four  hours  as  the  maximum  amount  which  a 
healthy  man  should  take.  It  must  be  admitted  that  this  is  provisional, 
and  that  more  experiments  are  necessary  ;  but  it  is  based  on  the  only  safe 
data  we  possess.  One  ounce  is  equivalent  to  2  fluid  ounces  of  brandy  (con- 
taining 50  per  cent,  of  alcohol) ;  or  to  5  ounces  of  the  strong  wines  (sherries, 
&c.,  20  per  cent,  of  alcohol) ;  or  to  10  ounces  of  the  weaker  wines  (clarets 
and  hocks,  10  per  cent,  of  alcohol);  or  to  20  ounces  of  beer  (5  per  cent,  of 
alcohol).  If  these  quantities  are  increased  one-half,  IJ  ounce  of  absolute 
alcohol  will  be  taken,  and  the  limit  of  moderation  for  strong  men  is  reached. 
This  standard  appears  to  be  fairly  correct;  since,  from  inquiries  of  many 
healthy  men  who  take  alcohol  in  moderation,  Parkes  found  that  they  seldom 
exceeded  the  above  amounts.  "Women,  no  doubt,  ought  to  take  less ;  and 
nlcohol  in  any  shape  only  does  harm  to  healthy  children. 

Another  question  now  arises,  to  which  it  is  more  difficult  to  reply.  Is 
alcohol,  even  in  this  moderate  amount,  necessary  or  desirable?  are  men 
really  better  and  more  vigorous,  and  longer  lived  with  it,  than  they  would 
lie  without  any  alcohol  ?  If  distinctly  hurtful  in  large  quantities,  is  it  not 
so  in  these  smaller  amounts  ? 

There  is  no  difficulty  in  proving,  statistically,  the  vast  loss  of  health  and 
life  caused  by  intemperance;  and  the  remarkable  facts  of  the  Provident 
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Institution  show  the  great  advantage  total  abstainers  have  over  those  who, 
though  not  intenii^erate,  use  alcohol  more  freely.  But  it  is  almost 
impossible,  at  jjiesent,  to  compare  the  health  of  teetotalers  with  those 
who  use  alcohol  in  the  moderate  scale  given  above.  In  both  classes  are 
found  men  in  the  highest  health,  and  with  the  greatest  vigour  of  mind  and 
body ;  in  both  are  to  be  found  men  of  the  most  advanced  age.  If  the 
question  is  looked  at  simply  as  a  scientific  one,  it  is  hardly  possible  at 
present  to  give  an  answer.  Failing  in  accurate  information  on  tliis  point 
the  usual  arguments  for  and  against  the  use  of  alcohol  cannot  be  held  to 
settle  the  point.    These  are — 

(a)  That  the  universality  of  the  habit  of  using  some  intoxicating  drink 
proves  utility.  This  seems  incorrect,  since  whole  nations  (Mohammedan 
and  Hindoo)  use  no  alcohol  or  substitute;  and  since  the  same  argument 
might  prove  the  necessity  of  tobacco,  which,  for  this  generation  at  any  rate, 
is  clearly  only  a  luxury.  The  wide-spread  habit  of  taking  intoxicating 
liquids  merely  proves  that  they  are  pleasant. 

(b)  That  if  not  necessary  in  healthy  modes  of  life,  alcohol  is  so  in  our 
artificial  state  of  existence,  amid  the  pressure  and  conflict  of  modern  society. 
This  argument  is  very  questionable,  for  some  of  our  hardest  workers  and 
thinkers  take  no  alcohol.  There  are  also  thousands  of  persons  engaged  in 
the  most  anxious  and  incessant  occupations  who  are  total  abstainers,  and, 
according  to  their  own  account,  with  decided  benefit. 

(c)  That  though  it  may  not  be  necessary  for  perfectly  healthy  persons, 
alcohol  is  so  for  the  large  class  of  people  who  live  on  the  confines  of  health, 
whose  digestion  is  feeble,  circulation  languid,  and  nervous  system  too  excit- 
able. It  must  be  allowed  there  are  some  persons  of  this  class  who  are 
benefited  by  alcohol  in  small  quantities,  and  chiefly  in  the  form  of  beer  or 
light  wine.  Unless  these  persons  wilfully  deceive  themselves,  they  feel 
better,  and  are  better,  with  a  little  alcohol. 

(d)  That  common  experience  on  the  largest  scale  shows  that  alcohol  in 
not  excessive  quantities  cannot  be  an  agent  of  harm;  that  it  is  and  has 
been  used  by  millions  of  persons  who  appear  to  suff'er  no  injury,  but  to  be 
in  many  cases  benefited,  and  therefore  that  it  must  be  in  some  way  a 
valuable  adjunct  to  food.  A  grand  fact  of  this  kind  must,  it  is  contended, 
override  all  objections  based  on  physiological  data,  Avhich  are  confessedly 
incomplete,  and  which  may  have  left  undiscovered  some  special  useful 
action.  It  must  be  admitted  that  this  is  a  very  strong  argument,  and  that 
it  seems  incredible  that  a  large  part  of  the  human  race  should  have  fallen 
into  an  error  so  gigantic  as  that  of  attributing  great  dietetic  value  to  an 
agent  which  is  of  little  use  in  smaU  quantities,  and  is  hurtful  in  large.  At 
first  sight  the  common-sense  of  mankind  revolts  at  such  a  sujjposition,  but 
the  argument,  though  strong,  is  not  conclusive ;  and  unfortunately  we  know 
that  in  human  affairs  no  extension  of  belief,  however  wide,  is  per  se 
evidence  of  truth. 

(e)  That  though  a  man  can  do  without  alcohol  under  ordinary  circiun- 
stances,  there  are  certain  conditions  when  it  is  useful. 

These  considerations  make  it  difficult  to  avoid  the  conclusion  that  the 
dietetic  value  of  alcohol  has  been  much  overrated.  It  does  not  appear 
possible  at  jsresent  to  condemn  alcohol  altogether  as  an  article  of  diet  in 
health,  or  to  prove  that  it  is  invariably  hurtful,  as  some  have  attempted  to 
do.  It  produces  eff'ects  which  are  often  useful  in  disease  and  sometimes 
desirable  in  health,  but  in  health  it  is  certainly  not  a  necessity,  and  many 
persons  are  much  better  without  it.  As  now  used  by  mankind  (at  least  in 
our  own,  and  in  many  other  countries),  it  is  infinitely  more  powerful  for 
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evil  than  for  good ;  and  though  it  can  hardly  be  imagined  that  its  dietetic 
use  will  cease  in  our  time,  yet  a  clearer  view  of  its  effects  must  surely  lead 
to  a  lessening  of  the  excessive  use  which  now  prevails.  As  a  matter  of 
public  health,  it  is  most  important  that  the  medical  profession  should  throw 
its  great  influence  into  the  scale  of  moderation ;  should  explain  the  limit  of 
the  useful  power,  and  show  how  easily  the  line  is  passed  which  carries  us 
from  the  region  of  safety  into  danger,  when  alcohol  is  taken  as  a  common 
article  of  food. 

In  the  previous  remarks,  the  effect  of  alcohol  only  has  been  discussed, 
but  beer  and  wine  contain  other  substances  besides  alcohol. 

In  beer  there  appear  to  be  four  ingredients  of  importance,  viz.,  the 
extractive  matters  and  sugar,  the  bitter  matters,  the  free  acids,  and  the 
alcohol.  The  first,  no  doubt,  are  carbo-hydrates,  and  play  the  same  part  in 
the  system  as  starch  and  sugar,  appropriating  the  oxygen,  and  saving  fat 
and  proteids  from  destruction.  Hence  one  cause  of  the  tendency  of  persons 
who  drink  much  beer  to  get  fat.  The  bitter  matters  are  supposed  to  be 
stomachic  and  tonic;  though  it  may  be  questioned  whether  we  have  not 
gone  too  far  in  this  direction,  as  many  of  the  highest  priced  beers  contain 
now  little  else  than  alcohol  and  bitter  extract.  The  action  of  the  free  acids 
is  not  known ;  but  their  amount  is  not  inconsiderable ;  and  they  are  mostly 
of  the  kind  which  form  carbonates  in  the  system,  and  which  seem  to  play 
so  useful  a  part.  The  salts,  especially  potassium  and  magnesium  phosphates, 
are  in  large  amount. 

It  is  evident  that  in  beer  we  have  a  beverage  which  can  answer  several 
purposes,  viz.,  can  give  a  supply  of  carbo-hydrates,  of  acid,  of  important 
salts,  and  of  a  bitter  tonic  (if  such  be  needed),  independent  of  its  alcohol,  but 
whether  it  is  not  a  very  expensive  way  of  giving  these  substances  is  a  question. 

In  moderation,  it  is  no  doubt  well  adapted  to  aid  digestion,  and  to  lessen 
to  some  extent  the  elimination  of  fat.  It  may  be  inferred  that  beer  will 
cause  an  increase  of  Aveight  of  the  body,  by  increasing  the  amount  of  food 
taken  in,  and  by  slightly  lessening  metamorphosis ;  and  general  experience 
confirms  those  inferences.  When  taken  in  excess,  it  seems  to  give  rise  to 
-gouty  affections  more  readily  even  than  wine. 

In  wine  there  are  some  proteid  substances,  much  sugar  (in  some  wines), 
and  other  carbo-hydrates,  and  abundant  salts.  Whether  it  is  that  the 
amount  of  alcohol  is  small,  or  whether  the  alcohol  be  itself,  in  some  way, 
lifferent  from  that  prepared  by  distillation,  or  whether  the  co-existence  of 
carbo-hydrates  and  of  salts  modifies  its  action,  certain  it  is  that  the  moderate 
use  of  wine,  which  is  not  too  rich  in  alcohol,  does  not  seem  to  lead  to  those 
profound  alterations  of  the  molecular  constitution  of  organs  which  follow 
the  use  of  spirits,  even  when  not  taken  largely.  Considering  the  large 
xmounts  of  vegetable  salts  which  most  wines  contain,  it  may  reasonably  be 
nipposed  that  they  play  no  unimportant  part  in  giving  dietetic  value  to  wine, 
[ndeed,  it  is  quite  certain  that,  in  one  point  of  view,  they  are  most  valuable ; 
;  hey  are  highly  anti-scorbutic,  and  the  arguments  of  Lind  and  Gillespie,  for 
:he  mtroduction  of  red  wine  into  the  Eoyal  Navy  instead  of  spirits,  have 
■)een  completely  justified  in  our  own  time  by  both  French  and  English 
■xperience.  It  is  now  certain  that  with  the  same  diet,  but  giving  in  one 
■ase  red  wine,  in  another  rum,  the  persons  on  the  latter  system  will  become 
;corbutic  long  before  those  who  take  the  wine.  This  is  a  most  important 
ict,  and  in  a  campaign  the  issue  of  red  wines  should  never  be  omitted. 
I  he  ethers  may  also  be  important  if,  as  indicated  by  Bernard,  and  recently 
'omted  out  by  Sir  B.  W.  Forster,  they  excite  the  flow  of  the  pancreatic 
'ccretion,  and  thereby  promote  the  absorption  of  fat. 
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In  spirits,  alcohol  is  the  main  ingredient,  chiefly  in  the  form  of  ethyl- 
alcohol,  though  there  are  small  amounts  of  propyl-,  butyl-,  and  in  eome 
cases  amyl-alcohols.  In  addition,  there  are  sometimes  small  quantities  of 
ether ;  and,  in  some  cases,  essential  oils  (as  apparently  in  absinthe,  and  in 
one  kind  of  Cape  brandy),  which  have  a  powerful  action  on  the  nerves.  But 
spirits  are,  for  the  most  part,  merely  flavoured  alcohol,  and  do  not  contain 
the  ingredients  which  give  dietetic  value  to  wine  and  beer.  They  are  also 
more  dangerous,  because  it  is  so  easy  to  take  them  undiluted,  and  thus  to 
increase  the  chance  of  damaging  the  structure  and  nutrition  of  the  albuminous 
structures  with  which  they  come  first  in  contact.  There  is  every  reason, 
therefore,  to  discourage  the  use  of  spirits,  and  to  let  beer  and  wines,  with 
moderate  alcoholic  power,  take  their  place. 

Some  of  the  undoubtedly  deleterious  effects  of  crude  spirits  must  be 
ascribed  to  the  presence  of  furfurol  and  other  bodies,  which  both  diminish 
in  quantity  and  change  in  quality,  as  the  spirit  "  mellows  "  with  age.  These 
substances,  as  present  in  new  spirit,  tend  to  derange  digestion,  and  also 
appear  to  have  a  profound  effect  upon  the  nervous  system. 


TEA. 

Tea  consists  of  the  dried  leaves  of  a  shrub  called  the  Camellia  tJiea,  which 
grows  in  China,  India,  Ceylon,  and  Japan.    As  met  with  in  everyday  life, 

tea-leaves  are  curied,  but  they  uncurl  on  being  placed 
in  hot  water,  and  when  so  treated  are  found  to  have 
a  characteristic  shape  and  structure.  The  border  is 
serrated  nearly,  but  not  quite  to  the  stalk ;  the  primary 
veins  run  out  from  the  midrib  nearly  to  the  border, 
and  then  turn  in,  so  that  a  distinct  space  is  left 
between  them  and  the  border.  The  leaf  may  vary 
in  point  of  size  and  shape,  being  sometimes  broader, 
and  sometimes  long  and  narrow.  The  border  and 
the  primary  venation  distinguish  it  from  all  leaves 
(fig.  54).  The  leaves  Avhich  it  is  said  have  been 
mixed  with  or  substituted  for  tea  in  this  country  are 
the  willow,  sloe,  oak,  Yalonia  oak,  plane,  beech,  ehn, 
poplar,  hawthorn,  and  chestnut ;  and  in  China  Chlor- 
antlius  inconspicuus  and  Camellia  Sasanqua  are  said 
to  be  used.  Of  these  the  willow  and  the  sloe  are 
the  only  leaves  which  at  all  resemble  tea-leaves. 
The  Avillow  is  more  irregularly,  and  the  sloe  is  much 
less  perfectly  and  uniformly  serrated. 

To  examine  the  leaves,  make  an  infusion,  and 
then  spread  out  a  number  of  leaves ;  if  a  leaf  be  placed 
on  a  glass  slide,  and  covered  with  a  thin  glass,  and  then  held  up  to  the 
light,  the  border  and  venation  can  usually  be  well  seen. 

The  leaves  of  the  Valonia,  if  used,  are  at  once  detected  by  acicular 
crystals  being  found  under  the  microscope. 

Sometimes  exhausted  tea-leaves  are  mixed  with  catechu  or  with  a  coarse 
powder  of  a  reddish-brown  colour,  consisting  chiefly  of  powdered  catechu. 
Gum  and  starch  are  added,  the  leaves  being  steeped  in  a  strong  solution  of 
gum,  which,  in  drying,  contracts  them.  The  want  of  aroma,  and  the  col- 
lection at  the  bottom  of  the  infusion  of  powdered  catechu,  or  the  detection  of 
particles  of  catechu,  will  at  once  indicate  this  falsification,  which  is,  however^ 
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,  ery  uncommon.  Sand  and  magnetic  oxide  of  iron  are  added  by  the  Chinese. 
Vt  first  the  latter  was  mistaken  for  iron  filings  ;  and  when  it  was  proved  to 
le  really  magnetic  oxide,  it  was  suggested  that  it  came  accidentally  from  the 
oil  where  the  tea  was  cultivated,  but  there  exist  good  reasons  for  considering 
rs  presence  to  be  due  to  wilful  addition. 

Practically  all  tea  in  the  market  is  grown  from  the  same  species  of  shrub ; 
le  various  names  given  as  indicating  different  kinds  are  only  trade  names, 
d  do  not  indicate  really  different  varieties  of  tea-leaf  so  much  as  different 
alities  dependent  upon  mixing  or  blending,  and  on  the  age  of  the  leaves, 
on  the  soil  on  which  the  plant  has  been  grown.  In  all  cases,  the  leaf 
iiost  highly  valued  is  the  small  top  leaf  of  the  twig  and  the  bud.  Possibly 
hese  small  leaves  are  neither  finer  in  quality  nor  richer  and  better  in  flavour 
han  the  leaves  next  in  succession,  but  being  more  tender  and  softer  in 
ti'ucture  give  better  and  more  flavoured  infusions.  The  various  teas  known 
nder  the  trade  names  of  Orange  Pekoe,  Pekoe,  Suchong,  Congou  are  all  the 
ime  in  respect  of  origin ;  they  are  picked  at  the  same  time  from  the  same 
lirub.  The  bud  and  top  leaf  constitute  Orange  Pekoe,  the  two  or  three 
irger  leaves  growing  on  the  same  twig  a  little  lower  down  are  Suchong,  and 
elow  that  the  leaves  become  Congou. 

The  most  simple  division  of  teas  is  into  the  green  and  the  black ;  both 
re  from  the  same  plant,  the  only  difl"erence  is  their  colour.  Green  tea  is 
ow  little  used,  in  consequence  of  the  disrepute  into  which  it  fell  as  the 
isult  of  the  artificial  colouring  it  received ;  but  real  green  tea  owes  its 
:>loration  to  being  dried  over  wood  fires  when  fresh.  Black  teas  owe  their 
Aour  to  the  leaves  having  been  allowed  to  lie  in  heaps  for  twelve  hours, 
Linng  which  they  undergo  a  process  of  fermentation  and  are  afterwards  dried 
owly  over  charcoal  fires.  "  Brick  tea  "  is  made  from  the  refuse,  broken 
aves  and  twigs,  moulded  into  shapes.  "Lie  tea"  consists  of  the  dust  of 
a  and  other  leaves  made  up  by  means  of  gum  or  starch  into  little  masses, 
hich  are  coloured  or  painted  so  as  to  resemble  black  or  green  tea ;  it  is 
illed  "  he  "  tea  because  it  is  a  false  article  and  not  tea  at  all.  In  selecting 
line  tea,  one  should  not  be  guided  by  any  trade  name,  but  determine,  by 
raring  a  httle  boiling  water  over  the  leaves  and  examining  them,  whether 
e  leaf  was  a  whole  leaf  and  not  a  large  leaf  cut  into  small  pieces.  The 
rger  the  leaf,  the  weaker  will  be  the  infusion  and  the  less  the  value.  What 
e  called  "  digestive  "  teas  are  varieties  in  which  the  tannin  of  the  tea  has 
!en  so  altered  by  electrical  treatment  that  it  does  not  precipitate  gelatine, 
id  interferes  but  little  with  the  digestion  of  starch. 

Ihws  percentage   composition  of  tea  may  be  expressed  as 

 8-0 

l^^'"".'  2-6 

Ta°mn,  14.0 

O'l  0-4 

Extractives,  ^5-0 

Insoluble  organic  matter,    .       .       i       !  54'0 

Ash,   g.g  /  Potash,  iron,  silica, 

\    alumina,  magnesia. 

There  is  rather  more  tannic  acid,  and  more  thein  and  ffitherial  oil,  in 
Jen  than  black  tea,  but  less  ceUulose  :  otherwise  the  composition  is  much 
3  same. 

The  most  essential  points  in  making  good  tea  of  the  finest  quality,  and 
ti  the  least  waste,  are  to  have  actually  boiling  water,  and  tea-leaves  so 
isnea  and  subdivided  that  the  largest  possible  surface  is  rapidly  exposed 
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to  the  boiling  water  in  infusing  it.  This  explains  why  the  best  tea  infusion 
in  the  world  is  that  made  by  the  Japanese  from  their  carefully  prepared  "  tea 
powder,"  which  is  made  by  crushing  to  a  fine  powder  certain  well-selected 
leaves. '  The  tea  bricks  of  Cliina  probably  owe  their  superiority  to  being 
well-crushed  leaves  of  good  quality.  About  -^tbs  of  the  soluble  matters  in 
the  tea-leaves  are  taken  up  by  the  first  infusion  with  hot  water. 

If  water  contain  much  lime  or  iron  it  will  not  make  good  tea ;  in  each 
case  the  water  should  be  well  boiled  with  a  little  carbonate  of  soda  for  fifteen 
or  twenty  minutes,  and  then  poured  on  the  leaves. 

In  the  infusion  are  found  dextrin,  glucose,  tannin,  and  thein.  About  47 
per  cent,  of  the  nitrogenous  substances  pass  into  the  infusion,  and  53  per 
cent,  remain  undissolved.  If  soda  is  added,  a  still  greater  amount  is  given 
to  water.  The  amount  of  tannin  taken  up  by  the  infusion  varies  according 
to  the  character  of  the  tea  as  well  as  the  time  the  infusion  is  allowed  to 
stand  :  the  following  numbers  are  given  by  Hale  White  :— 

Per  cent,  by  weight  alter  3  minutes.       After  15  minutes. 

Finest  Assam,  ll'^O  17;73 

Finest  China,  7-77  7  97 

Common  Congou,  9  "37  ^J- 

As  an  article  of  diet,  tea  seems  to  have  a  decidedly  stimulant  and  restora- 
tive action  on  the  nervous  system,  followed  by  no  after-depression.  This 
effect  is  mainly  due  to  the  alkaloid  thein  which  it  contains,  aided,  perhaps, 
by  the  warmth  of  the  infusion.  Thein  or  cafi'ein  is  chemicaUy  trimethyl 
xanthin  or  methyl  theobromine,  CgHioN^Os,  Though  considered  to  be 
chemically  identical  with  caffein,  thein  differs  somewhat  from  it  in  physio- 
logical action.  After  taking  tea,  the  pulse  is  a  little  quickened,  the  action 
of  the  skin  increased,  and  that  of  the  bowels  lessened.  The  kidney  excretion 
is  little  affected,  at  most  the  urea  is  slightly  diminished,  but  the  evidence 
with  respect  to  this  is  somewhat  contradictory.  Roberts  has  shown  that  tea 
retards  both  salivary  and  peptic  digestion,  and  it  is  probable  that  most  of 
the  symptoms  resulting  from  excessive  consumption  of  tea  are  those  of  delay 
of  digestion,  that  is,  of  food  remaining  undigested  in  the  stomach.  A  pre- 
valent idea  is  that  the  tannin,  in  tea,  chiefly  produces  the  disturbances  of 
di<^estion  so  commonly  associated  with  abuse  of  tea ;  according  to  Koberts, 
however,  it  is  not  clear  what  constituent  of  tea  is  the  really  active  agent  m 

producing  dyspepsia.  „    ,     -,     ^  j 

Exaimnation  of  Tea.— Judge  of  the  aroma  of  the  dry  tea  and  its 
infusion  ;  spread  out  the  leaves  and  see  their  characters ;  coUect  anything 
like  mineral  powder  and  examine  under  microscope.  The  microscope  will 
also  show  if  the  tea  has  deteriorated  by  keeping  ;  sometimes  acart,  f  ungt, 
and  bacteria  may  be  found.  .  . 

The  tea  should  not  be  too  much  broken  up,  or  mixed  up  mth  dirt. 
Spread  out,  the  leaves  should  not  be  aU  large,  thick,  dark,  and  old,  but  some 
should  be  smaU  and  young.  There  will  always  be  in  the  best  tea  a  good 
deal  of  stalk  and  some  remains  of  the  flower.  In  old  tea  much  of  the 
Eetherial  oU  evaporates,  and  the  aroma  is  less  marked. 

The  infusion  should  be  fragrant  to  smell,  not  harsh  and  bitter  to  taste 
and  not  too  dark.    The  buyers  of  tea  seem  especially  to  depend  on  m 

smell  and  taste  of  the  infusion.  •,       •  •     ^-fi,  u  nther 

Formerly,  the  chief  adulteration  of  tea  was  by  mixing  with  it  otner 
leaves,  such  as  those  of  the  sloe  and  willow,  which  have  a  superficial  ^ 
semblance  to  tea-leaves.  At  the  present  time  the  chief  adf  eration  of  tea 
isThe  admixture  of  old  and  exhausted  tea-leaves,  while  in  he  inferior  kin^ 
Uie  e     often  clay,  lime,  or  ferruginous  sand.    The  total  soluble  matters 
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obtainable  from  tea  are  a  ready  and  convenient  index  of  its  quality :  they 
are  estimated  by  infusing  a  weighed  quantity  with  an  excess  of  distilled 
water,  and  evaporating  this  down  to  dryness ;  the  amount  of  extract  so 
obtained  should  be  at  least  30  per  cent.  If  the  sample  contain  many  ex- 
hausted leaves,  the  amount  of  extract  obtained  will  be,  of  course,  less  than 
tliis. 

To  make  the  infusion,  take  10  grammes  of  tea,  and  infuse  in  500  c.c.  of 
hoiling  distilled  or  rain  water.  Let  it  stand  five  or  six  minutes  before  smell- 
ing and  tasting  it.  Exhaust  the  leaves  by  boiling  with  successive  portions 
of  water,  imtil  no  colour  is  given  up  to  the  water.  Measure  the  total 
amount  of  the  infusion  and  decoction  mixed  together ;  take  100  c.c.  and 
dry  it  in  a  water  bath,  and  weigh.  Calculate  out  the  percentage.  The  sp. 
L^r.  of  the  infusion  will  be  found,  if  made  from  a  good  tea,  to  varv  from 
11011  to  1015.  ^ 

Example. — The  total  quantity  of  the  infusion  from  10  grammes  of  tea  was  1890  c.c.  ; 
100  c.c.  taken  and  dried  yielded  0-21  of  extract ;  then  ^~  x  0-21  =  3-969  of  extract  in 
10  grammes  ;  this  multiplied  by  10  =  39-69  per  cent. 

The  exhausted  leaves  may  also  be  dried  and  weighed,  the  loss  represent- 
iig  the  amount  of  extract,  which  ought  to  correspond  with  the  amount 
)ljtained  directly. 

The  ash  should  also  be  determined ;  6  or  10  grammes  are  to  be  inciner- 
ited ;  the  ash  is  generally  grey,  sometimes  slightly  greenish.  Any  excess 
iljove  6  per  cent,  is  suspicious ;  if  above  8  per  cent,  on  the  perfectly  dry  tea, 
:(lulteration  is  certain.  About  one-half  of  the  ash  is  soluble  in  water ;  the 
olution  is  often  (but  not  always)  pink,  from  the  presence  of  manganese. 
!  Che  amount  and  character  of  the  ash  form  good  means  of  detecting  the  use 
'f  exhausted  leaves. 

The  acidity  of  the  infusion,  and  the  amount  of  tannin  and  thein,  may 
Lso  be  determined;  as  also  the  chlorine,  alkalinity,  and  iron  of  the  ash. 
he  best  tests  of  the  quality  of  the  tea  are  the  aroma  and  the  physical 
liaracters. 

Extraction  of  T/iei/?.— OccasionaUy  it  may  be  desired  to  determine  the 
uantity  of  them.  Take  10  grammes  of  tea,  exhaust  with  boiling  water, 
nd  add  solution  of  subacetate  of  lead ;  filter  ;  pass  hydrosulphuric  acid 
tirough  to  get  rid  of  excess  of  lead;  filter;  evaporate  to  smaU  bulk,  and 
dd  a  httle  ammonia ;  add  more  water,  decolourise  with  animal  charcoal 
iid  evaporate  slowly  to  smaU  bulk.  Wliite  feathery  crystals  of  thein  form 
•Inch  should  be  collected  on  filtering  paper,  dried  at  a  very  low  heat,  and 
eighed.  ' 

Determination  of  Tannin.— Ma\i&  an  infusion  and  add  solution  of 
3latine;  collect  precipitate,  dry  and  Aveigh— 100  =  40  of  tannin. 


COFFEE. 


Coffee  IS  the  seed  or  berry  of  the  Cafea  Arabica,  a  plant  growing  in 
ost  parts  of  the  tropics,  but  chiefly  in  Arabia,  Abyssinia,  Ceylon,  and  the 
■  ost  Indies.  After  the  seeds  have  been  roasted  to  a  chocolate  brown,  they 
0  ground  to  a  powder  in  a  mill,  and  then  used  in  the  form  of  a  decoction 

inlusion.  The  percentage  composition  of  unroasted  coffee  may  be  ex- 
ussed  .as  follows  : — 
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Water  11-23 

Nitrogenous  matter,  .          .          .         .         .  12*07 

Calleiii,  1-21 

Fat,  12-27 

Sugar  or  dextrin,       .  .  .  .  .8-55 

Tannin,  32-79 

Cellulose,  ,  .  .  .  .  .18-17 
Salts  3-71 


The  chief  properties  of  coifee  depend  upon  an  aromatic  oil  and  the 
alkaloidal  body,  caffein.  Caffein  itself  is  a  nitrogenous  crystalline  alkaloid, 
identical  with  thein ;  in  the  roasting  of  coffee,  this  body  is  not  destroyed, 
but  dissociated,  as  it  were,  from  its  previously  existing  combination  witli 
tannin.  During  the  same  process,  the  sugar  and  dextrin  are  changed  into 
caramel,  and  the  gas  and  water  of  the  berry  driven  off. 


Fig.  55, 

As  an  article  of  diet,  coffee  stimulates  the  nervous  system,  and  in  large 
doses  produces  tremors.  Caffein  given  to  animals  augments  reflex  action, 
and  may  produce  tetanus,  or  peculiar  stiffness  of  muscles.  It  increases  the 
frequency  of  the  pulse  in  men  (but  taken  in  large  quantity  diminishes  it), 
and  removes  the  sensation  of  commencing  fatigue  during  exercise.  It  has 
been  said  (J.  Lehmann  and  others)  to  lessen  the  amount  of  urea  and 
phosphoric  acid,  but  this  is  doubtful.  It  appears,  however,  to  increase  the 
urinary  water.  The  pulmonary  carbon  dioxide  is  said  to  be  increased  (E. 
Smith),  as  weU  as  the  action  of  the  skin. 

Sir  W.  Roberts'  experiments  showed  that  coffee  does  not  retard  the 
salivary  digestion  as  compared  with  tea,  and  he  considers  that  this  can  be 
accounted  for  by  the  fact  that  in  coffee  tannin  is  replaced  by  caffeo-tannic 
acid.  jCoffee,  however,  was  found  to  exercise  a  greater  retarding  influence 
on  stomach  digestion  than  tea,  on  account  of  its  being  taken  in  much 
stronger  infusion.  It  slightly  increases  tlie  action  of  the  kidneys,  and  with 
some  stimulates  the  intestines  so  as  to  act  as  an  aperient. 

To  make  good  coffee,  the  berry  must  be  freshly  roasted.  Good  drinkable 
coffee  requires  as  much  as  an  ounce  of  recently  roasted  and  ground  coffee 
to  each  large  cup,  the  result  of  which  means  that  the  cost  of  a  cup  of  good 
coffee,  including  milk  and  sugar,  is  about  twopence.  The  prevalent  custom 
of  making  coffee  in  this  country  is  to  use  barely  an  ounce  to  two  pmts  ot 
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water,  the  resulting  infusion  being  more  or  less  mawkish,  tasteless,  and 

^vanting  in  stimulating  properties. 

Detection  of  Adulterations. — The  adulterations  of  coffee  are  chiefly 

chicory,  but  at  times  dates,  beans,  maize,  and  acorns  have  been  added. 

Cliicory  is  a  legal  addition  to  coffee,  provided  such  admixture  is  stated,  no 
iJimit  being  fixed  as  to  their  relative  proportions :  as  a  rule,  it  amounts  to 
uabout  30  per  cent.  The  addition  of  chicory  to  coflPee  is  considered  by  most 
ppeople  to  add  to  its  flavour.  It  is  probable  that  much  of  the  present 
ildecadence  of  coffee  drinking  is  due  to  want  of  care  in  its  preparation,  and 


Fig.  56. 


ibhe  excessive  addition  of  chicory,  whereby  the  resulting  infusion  is  wanting 
lin  the  desired  aDcaloid  caffein. 

Chicory  is  the  dried  and  powdered  root  of  the  wild  endive  (Cichorium 
infybus).  In  composition  it  differs  much  from  coffee,  containing  no  caflfein, 
eess  fat,  but  more  sugar.  It  may  be  readily  distinguished  from  coffee  by 
the  fact  that  when  throAvn  into  water  it  rapidly  sinks  and  colours  the  liquid 
)Drown,  while  coffee  floats  and  does  not  yield  any  colour.  The  surest  test, 
laowever,  is  microscopical  examination,  as  both  the  cells  and  dotted  ducts  of 
fchicory  (fig.  55)  are  quite  characteristic  :  at  least  nothing  like  them  exists 
irji  coffee.  The  long  cells  of  the  testa  of  coffee  berries  are  equally  marked 
(t'fig.  56).  The  interior  of  the  berry  also  presents  characters  which  are  quite 
eBvident :  an  irregular  areolar  tissue  containing  light  or  dark  yellow  angidar 
tanasses  and  oil  globules,  such  as  are  very  different  from  any  adulterations. 
iThe  little  corkscrew-like  unrolled  spiral  fibres  are  chiefly  found  in  the 
ixDottom  of  the  raphe. 

The  percentage  of  ash  has  been  suggested  as  a  means  of  detection. 
■.'Zloffee  yields  about  4  per  cent.,  of  which  four-fifths  are  soluble  in  water : 
hliicory  yields  only  about  5  per  cent.,  of  which  only  one-third  is  soluble. 
I  Chicory  contains  a  notable  amount  of  sugar,  10  to  18  per  cent.,  whereas 
^roasted  coffee  has  never  more  than  1  per  cent.  Wanklyn  has  proposed  to 
imake  this  a  basis  of  detection,  using  the  standard  copper  solution. 
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Other  methods  for  the  estimation  of  chicory  in  mixtures  of  coffee  and 
chicory  are  based  respectively  upon  the  specific  gravity  of  the  infusion,  and 
upon  the  amount  of  solid  extract  obtainable  from  it.  Take  10  grammes  of 
the  sample,  infuse  in  100  c.c.  of  water,  boil  for  half  a  minute,  filter,  and 
after  filtrate  cools  to  60°  F.,  take  the  specific  gravity.  The  sp.  gr.  of  a  10  per 
cent,  infusion  of  pure  coffee  is  1010,  that  of  a  similar  infusion  of  pure  chicory, 
1022  :  that  is,  a  standard  difference  of  12  between  the  two  specific  gravities. 

Example.— Say  the  sp.  gr.  of  the  infusion  made  from  sample  =  1014, 
then  difference  between  sp.  gr.  of  sample  and  coffee  or  1014 -1010  =  A  of  100  =  33'3 
percent,  of  chicory; 

then  difference  between  sp.  gr.  of  sample  and  chicory  or  1014-1022  =  ^  of  100  =  66-7 
per  cent,  of  coffee. 

Next  place  the  filter  with  the  coffee  dregs  on  it  into  a  large  flask  with 
150  c.c.  of  water.  Stir  gently,  boil  for  five  minutes,  allow  sediment  to 
subside,  filter  off  the  supernatant  Hquid  and  add  filtrate  to  the  original 
filtrate  obtained  above.  Allow  to  cool,  measure,  and  make  up  with  distilled 
water  to  250  c.c:  mix  the  whole  thoroughly,  then  pipette  50  c.c.  (  =  2 
grammes  of  the  sample)  of  this  infusion  into  a  weighed  capsule.  Evaporate 
to  dryness  over  a  water  bath,  re-weigh,  and  calculate  solid '  extract  as  a 
percentage. 

Treated   as  above,  chicory  gives  a  mean  percentage  extract  ot  70; 
while  coffee  gives  a  remarkably  constant  percentage  extract  of  24;  or  a 
standard  difference  of  46.    Consequently,  we  have  percentage  of  coffee  = 
100  (70  -  percentage  of  extract  found). 
46 

Exavivle.-Sa.y  50  c.c.  of  infusion  (  =  2  grammes  of  the  sample)  have  yielded  1-03 

...       J  100  (70-51 'O 
gramme  of  extract :  this  equals  51-5  percentage  of  extract,  and   ^          -4U  per 

cent,  of  coffee  in  the  sample. 

Roasted  corn  or  beans  are  at  once  known  by  the  starch  grains,  which 
commonly  preserve  their  characteristic  form.  Iodine  turns  them  at  once 
blue  while  the  infusion  will  also  give  a  blue  with  iodine.  Potato  starch  is 
also 'at  once  detected,  there  being  nothing  like  it  in  coffee.  Sago  starch, 
which  is  sometimes  used,  is  also  easily  detected.  The  presence  of  sugar 
can  be  readily  estimated  by  the  standard  copper  solution :  if  caramel  has 
been  added,  the  extract  wiU  be  found  to  be  brittle,  dark  coloured,  and  bitter 

to  the  taste.  .,     .  ,  ^  i 

Occasionally  chicory  itself  is  adulterated  with  mangel-wurzel,  parsnip, 
carrot,  acorn,  or  sawdust.  The  cells  of  mangel-wurzel  are  like  chicory,  bu 
much  larger;  those  of  carrot  and  parsnip  are  something  like  chicory,  but 
contain  starch  cells ;  the  starch  grains  of  the  acorn  are  round  or  oval,  mrt^  a 
deep  culvert  depression,  or  hilum.  The  infusion  of  chicory  is  not  turned 
blue  by^dine  ;  when  incinerated  the  ash  of  chicory  should  not  be  less  than 
5  per  cent. 

PARAGUAY  TEA,  KOLA,  AND  COCA. 

Paraguay  tea,  sometimes  known  as  mate,  is  obtained  by  roasting  the 
leaves  ofllexpararjnayensis  and  exposing  them  to  the  action  of  the  sun 
ItTs  much  used  in  varixDUS  parts  of  South  America.  The  mean  of  severa 
ana  vTes  of  dried  matS  show  it  to  contain  3-87  per  cent,  of  proteids,  about  3 

t.  of  fats  and  resinous  oil,  2^38  per  cent  of  sugar,  3-92  per  cei^- 
salts  about  1  per  cent,  of  thein  and  4  per  cent,  of  tannin.    About  24  j  c 
cent  of  the  solids  are  soluble  in  water.    Its  infusion  has  an  action  suuilai 
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Fig.  5.-Gayeuiie.  Pig.  6.-Compound  Ginger. 
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to  other  thein-containing  beverages,  but  is  more  apt,  it  is  said,  to  cause 
digestive  distm-bance. 

Closely  allied  to  Paraguay  tea  is  Guarana,  obtained  by  roasting  the  seeds 
of  Paullinia  sorbilis.  It  contains  nearly  5  per  cent,  of  thein  or  caffein, 
and  has  some  medicinal  value  in  migraine. 

Kola  is  prepared  from  the  seeds  of  the  Sterculia  acuminata,  a  tree 
resemblmg  the  chestnut  and  growing  wild  on  the  west  coast  of  Africa.  Its 
percentage  composition  is  as  follows:  water  11  "9,  proteids  6'7,  fat  0'68, 
starch  and  sugar  36'5,  caffein  2'42,  tannin  1-6,  cellidose  33"7,  ash  6"5. 
It  is,  therefore,  closely  allied  to  tea  and  coffee,  but  differs  from  them  in 
the  relatively  large  amount  of  alkaloid  which  it  contains.  Kola  nuts  are 
hard  and  irregularly  shaped,  of  a  reddish-brown  colour,  and  present  a 
faintly  aromatic  odour.  When  powdered,  their  taste  is  bitter,  leaving  a 
harsh  and  earthy  flavour  on  the  palate. 

Kola  has  some  shght  fatigue-dispelUng  power,  if  masticated,  or  taken 
when  freshly  ground  in  the  form  of  an  infusion  like  coffee.  It  increases  the 
urinary  water,  and  reduces  the  total  solids  of  the  urine,  especially  the  ex- 
tractives ;  it  acts  as  a  stimulant  to  the  nervous  system,  and  increases  arterial 
tension ;  its  stimulating  and  sustaining  qualities  are,  however,  largely  over- 
rated. True  kola  nuts  are  somewhat  difficult  to  obtain;  many  of  these 
nuts  now  in  the  market  are  not  those  of  Sterculia  acuminata  at  aU,  but 
those  of  Garcinia  kola  and  Sterculia  cordifolia,  species  which  do  not  contain 
caifein,  and  which,  consequently,  are  more  or  less  without  any  physiological 
action. 

Coca,  from  the  leaves  of  Erythroxylon  coca,  when  chewed,  is  said  to  have 
a  similar  action  to  that  claimed  for  kola,  namely,  to  take  away  the  feeling  of 
fatigue  after  and  during  excessive  exertion.  It  is  much  used  as  a  stimulant 
in  Peru,  and  contains  the  alkaloid  cocaine,  the  use  of  which  as  a  local 
antesthetic  is  well  known.  Some  observations  upon  the  sustaining  and 
stimulating  properties  of  coca-leaves  have  been  made  on  soldiers,  both 
diu-ing  and  after  long  marches,  but  with  only  indiff"erent  success.  The  ill- 
success  which  has  attended  various  attempts  to  use  both  kola  nuts  and  coca- 
leaves,  by  Europeans,  as  stimulants  during  unusual  bodily  exertion,  is 
probably  due  to  the  fact  that  the  normal  diet  of  Europeans  is  rich  in 
stimulant  extractives  of  the  xanthin  group.  Consequently,  the  consumption 
of  substances,  however  rich  in  cafl"ein,  by  them,  would  have  less  effect  than 
on  the  indigenous  races  of  Africa  or  South  America,  whose  ordinary  dietary 
is  of  a  less  stimulating  character. 


COCOA  AND  CHOCOLATE. 

Cocoa  is  the  roasted  seed  of  the  Theohroma  cacao,  growing  chiefly  in  the 
West  Indies.  Cocoa  nibs  are  the  seeds  or  beans  roughly  broken;  flake 
cocoa  is  the  same  completely  ground  and  crushed  ;  soluble  cocoa  is  the'  same 
treed  from  cellulose  ;  while  prepared  cocoa  is  the  same  after  half  or  more  of 
Its  contained  oil  or  fat  has  been  removed,  and  in  most  cases  starch  and 
sugar  added.  The  percentage  composition  of  cocoa  beans  may  be  said  to  be 
fis  follows  :— 


Water, 

Theobromine, 

Fat, 

Starch, 

Salts, 

Gum, 

Cellulose,  . 


6-0 
1-5 
50-0 
10-0 
3-6 
8-0 
20*9 
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The  active  principle  of  cocoa,  theobromine,  is  closely  related  to  caffein, 
being  dimethylxanthine,  C^HgN^Og.  Its  physiological  action  is  chiefly 
exerted  on  the  muscular  system,  and  it  is  a  greater  restorer  of  muscular 
activity  than  either  thein  or  calfein.  Its  effect  on  the  nervous  system  is 
not  well  defined. 

The  adulteration  of  cocoa  is  chiefly  in  the  direction  of  the  addition  of 
sugar  and  starch,  which  the  microscope  will  detect;  while,  by  some,  the 
removal  of  the  fat,  so  as  to  reduce  it  below  20  per  cent.,  is  regarded  as  an 
adulteration.  Apart  from  cocoa  consisting  largely  of  nitrogenous  and 
fatty  matter,  in  its  commercial  forms  it  contains  so  much  starch  and  sugar 
that  it  is  rightly  regarded  to  some  extent  not  only  as  a  proteid  and  fatty 
food,  but  also  a  carbo-hydrate  one.  Cocoa  difi'ers  much  from  both  tea  and 
colfee  in  having  but  little  stimulant  action,  but  it  does  possess  some  nutritive 
value,  and,  as  such,  may  in  a  limited  sense  be  regarded  as  a  food. 

The  starch  grains  of  cocoa  are  small  and  embedded  usually  in  the  cells. 
The  presence  of  starch  grains  of  cereals,  arrowroot,  sago,  or  other  kinds  of 
starch,  is  at  once  detected  by  the  microscope.  Sugar  can  be  detected  by  the 
taste,  and  by  Fehling's  solution.  Mineral  substances  are  best  detected  by 
incineration,  digesting  it  in  an  acid  and  testing  for  iron,  lea;d,  &c. 

Chocolate  is  a  preparation  of  cocoa,  from  which  the  greater  part  of  the 
fat  has  been  removed,  and  which,  after  being  mixed  with  sugar  and  various 
flavouring  substances,  is  made  into  a  paste  with  water,  and  then  pressed  in 
moulds, 

LEMON  AND  LIME  JUICE. 

These  juices  contain  free  acids  in  large  quantities,  chiefly  citric,  and  a 
little  malic  acid,  sugar,  vegetable,  albumin,  and  mucus. 

Lemon  juice  is  the  expressed  juice  of  the  Citrus  limonum,  and  hme  juice 
that  of  the  Citrus  limetta.  The  British  Pharmacopoeia  directs  that  lemon 
juice  should  have  a  specific  gravity  of  1039,  and  should  contain  32-5  grains 
of  citric  acid  per  ounce.  The  Board  of  Trade  standard  for  lemon  juice  is 
a  specific  gravity  of  1030,  when  de-alcoholised,  and  an  acidity  equivalent  tc 
30  grains  per  ounce  of  citric  acid.  It  occasionally  may  be  met  with,  ^ith  a 
density  as  high  as  1050.  ,  .       r   ^  . 

Lime  juice  has  usually  a  less  specific  gravity  than  lemon  juice,  ot  about 
1037  or  1035,  and  also  contains  less  acid,  or  about  32-22  grains  per  ounce. 

As  found  in  commerce,  for  merchant  shipping,  or  used  in  the  Eoyaj 
Navy  the  lime  or  lemon  juice  is  chiefly  prepared  in  Sicily  or  the  West 
Indies ;  it  is  mixed  with  spirit  (usually  brandy  or  whisky,  which  gives  it  - 
slic'htly  greenish-yellow  hue),  and  olive  oil  is  poured  on  the  top. 

°  Sugar  is  added  to  it  when  issued,  to  make  it  more  agreeable  to  taste,  u: 
the  proportion  of  half  its  weight.  Lemon  juice  is  usually  issued  m  bottle, 
containing  from  three  to  foiu-  pints,  not  quite  filled,  and  covered  with  a  laye, 
of  olive  oil  About  1  ounce  of  brandy  is  added  to  each  10  ounces  of  juice 
Sometimes  the  juice  is  boiled,  and  no  brandy  is  added ;  the  former  km. 
keeps  better.  Both  are  equal  in  anti-scorbutic  power.  Good  lemon  juic 
will  keep  for  some  years,  at  least  three  years;  bad  juice  soon  become- 
turbid,  and  then  stringy  and  mucilaginous,  and  the  citnc  and  mahc  acnl 
decompose,  glucose  and  carbon  dioxide  being  formed.  Some  turbidity  an. 
precipitate  do  not,  however,  destroy  its  anti-scorbutic  powers. 

As  found  in  the  marlcet,  it  is  frequently  mixed  with  water,  and  some 
times  with  other  acids,  such  as  tartaric  and  sulphuric  acids  Tlic  imi- 
juice  used  in  the  Arctic  Expedition  1875-6,  gave  on  analysis  27  grams  u 
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citric  acid  per  ounce  as  issued,  that  is,  after  being  fortified  with  about  15 
per  cent,  of  proof  spirit.  Before  fortifying  it  contained  32  grains.  Some 
samples  analysed  at  Netley  showed  a  density  of  1023  as  issued,  and  of 
1035  7  after  de-alcoholisation  :  the  extract  was  about  S-5  per  cent.  The 
unfortified  juice  froze  at  25°  F.,  the  fortified  remained  liquid  down  to  15°  F. 
Prolonged  freezing  at  a  temperature  of  nearly  0°  F.  produced  no  change  in 
the  character  or  amount  of  the  constituents. 

In  the  examination,  the  points  which  seem  of  consequence,  in  addition 
to  the  determination  of  the  free  acidity,  are  the  fragrancy  of  the  extract  and 
the  alkahnity  of  the  ash,  proving  the  existence  of  some  alkaline  citrate. 
The  latter  can,  however,  be  imitated,  but  the  fragrancy  cannot  be  so. 

Examination  of  Lemon  or  Lime  Jxiice.— This  will  have  reference  to 
both  quality  and  adulterations. 

1.  Pour  into  a  glass,  and  mark  physical  characters ;  turbidity,  precipitate, 
stringiness,  &c.  The  taste  should  be  pleasant,  acid,  but  not  bitter.  Add 
hme  water,  and  boil;  if  free  citric  acid  is  present,  a  large  precipitate  of 
calcium  citrate  is  formed,  which  redissolves  as  the  solution  cools.  Evaporate 
carefully  in  order  to  prepare  an  extract,  and  to  test  the  fragrancy,  &c. 

2.  Take  the  specific  gravity,  remembering  that  spirit  is  present ;  then, 
if  necessary,  evaporate  to  one-half  to  drive  off  alcohol,  dilute  to  former 
amount,  and  take  specific  gravity  at  60°  F. 

3.  Determine  acidity  by  the  standard  alkaline  solution.  Express  the 
acidity  as  citric  acid  (CeHgO^) ;  1  c.c.  of  the  alkaline  solution  =  6-4  milli- 
grammes of  citric  acid.  As  the  acidity  is  considerable,  the  best  way  is 
to  take  10  c.c.  of  the  juice,  add  90  c.c.  of  water,  and  take  10  c.c.  of  the 
dilute  fluid,  which  will  give  the  acidity  of  1  c.c.  of  the  undiluted  juice.  If 
the  number  of  c.c.  used  for  the  diluted  juice  is  multiplied  by  2-8,  it  gives 
the  acidity  in  grains  per  ounce. 

4.  Determine  the  combined  organic  acid.  In  Sicilian  lime  juice  it  is 
usually  about  0-53  per  cent.,  but  in  English  lime  juice  it  may  be  only  0-1 
per  cent. 

5.  Test  for  adulteration,  viz.  :— (a)  TaHaric  Acid.—Dilute  and  filter,  if 
the  lune  juice  be  turbid  ;  add  a  little  solution  of  acetate  of  potash  ;  stir  well, 
without  touching  the  sides  of  the  glass,  and  leave  for  twenty-four  hours  ' 
if  tartaric  acid  be  present,  the  potassium  tartrate  wUl  fall.  ' 

(b)  Sulphuric  ^ciVi.— Add  barium  cliloride  after  filtration,  if  necessary ; 
It  any  precipitate  falls,  add  a  little  water  and  a  few  drops  of  dilute  hydro- 
chloric, acid  to  dissolve  the  barium  citrate,  which  sometimes  causes  a 
turbidity. 

(c)  Hydrochloric  Acid.— Teat  with  silver  nitrate  and  a  few  drops  of  dilute 
nitric  acid. 

(d)  Nitric  Acid.— This  is  an  uncommon  adulteration ;  the  iron  or  brucine 
test  can  be  used  as  in  the  case  of  water. 

fnn(?°*^*/°^^  Juice.— It  is  not.  easy  to  distinguish  weU-made 

■ictitious  lemon  j uice.  As  a  rule  about  552  grains  of  crystallised  citric  acid  are 
'  3S0  ved  in  a  wine  pint  of  water,  which  is  flavoured  with  essence  of  lemon 
'ssolved  in  spirits.    This  corresponds  to  about  19  or  20  grains  of  dry  citric 
■  -la  per  ounce.    The  flavour  is  not,  however,  like  that  of  the  real  juice,  and 
"6  taste  IS  sharper.    Evaporation  detects  the  falsification. 

use  of  Lemon  Juice.-In  military  transports,  the  daily  issue  of  one 
l^e  ot  lemon  juice  per  head  is  commenced  when  the  troops  have  been  ten 
ordn,ii       """"^  Merchant  Shipping  Act  (1867)  the  same  rule  is 

Drocnro'i^''';?  ^^'"^  '^^P  harbour,  and  fresh  vegetables  can  be 

I  ioourea.    It  IS  mixed  with  sugar. 


426 


BEVERAGES  AND  CONDIMENTS. 


If  preserved  vegetables  can  be  procured,  half  the  amount  of  juice  will 
perhaps  do. 

In  campaigns,  when  vegetables  are  deficient,  the  same  rules  should  be 
enforced.  On  many  foreign  stations,  where  dysentery  takes  a  scorbutic  type 
(as  formerly  in  Jamaica,  and  even  of  late  years  in  China),  lemon  juice  should 
be  regularly  issued,  if  vegetables  or  fruit  cannot  be  procured. 

Substitutes  for  Lemon  Juice.— Citric  acid  is  the  best,  or  citrate  o: 
sodium;  then  perhaps  vinegar,  though  this  is  inferior;  and  lowest  of  all 
citrate  of  potassium.  The  tartrates,  lactates,  and  acetates  of  the  alkahe; 
may  all  be  used,  but  there  are  no  good  experiments  on  their  relative  anti 
scorbutic  powers  on  record.  If  milk  is  procurable,  it  may  be  allowed  tc 
become  acid,  and  the  acid  then  neutralised  with  an  alkali.  The  fresh  juice 
of  many  plants,  especially  species  of  cacti,  can  be  used,  the  plant  bein;. 
crushed  and  steeped  in  water ;  and  in  case  neither  vegetables,  lemon  juice 
nor  any  of  the  substitutes  can  be  procured,  we  ought  not  to  omit  the  trial  o: 
such  plants  of  this  kind  as  may  be  obtainable. 


VINEGAE. 

Ordinary  commercial  vinegar  is  really  a  more  or  less  impure  acetic  acid 
containing  besides  acetic  acid,  alcohol,  acetic  ether,  sugar,  extractive  matters 
alkaline  acetates,  and  a  variable  amount  of  salts.  It  usuaUy  also  contaii, 
some  sulphuric  acid,  which  by  law  must  not  exceed  one-thousandth  part  u 
its  weight  of  pure  acid.  .         .    ^  „, 

There  are  four  kinds  of  vinegar  commonly  m  use  m  Europe,  ihese  are 
Malt  Vinegar,  Wine  Vinegar,  Vinegar  from  starch,  sugar,  &c.,  and  Wooc 
Vinecrar  The  acid  in  all  these  products  is  identical,  but  there  are  distmc 
differ°ences  of  flavour  and  odour  between  them.  Owing,  however,  to  th 
addition  of  colouring  matter  and  flavouring  essences,  it  is  often  very  dithcul 
to  detect  the  sources  of  some  of  the  inferior  vinegars.  All  varieties  o 
vinegar,  except  that  obtained  by  means  of  the  destructive  distiUation  o 
wood  are  formed  by  the  oxidation  of  alcohol.  . 

Malt  vinegar,  which  constitutes  the  greater  part  of  the  vinegar  used  u 
this  country,  is  derived  from  the  acetous  fermentation  of  a  wort  made  fron 
malt  and  barley.  It  is  of  a  distinct  brown  colour,  having  a  specific  gravit; 
of  from  1016  to  1019.  It  commonly  contains  traces  of  alcohol,  pe 
cent,  of  extract,  4  per  cent,  of  acetic  acid,  and  about  O'l  per  cent,  of  sul 

^^""wine'^negar  is  chiefly  used  on  the  Continent,  where  it  is  prepared  fron 
crape  juice  and  inferior  new  wines,  that  made  from  white  wine  being  th. 
most  esteemed.  These  vinegars  vary  in  colour  ^'^f/^'^'\^^'f'}l%\ 
usually  an  alcoholic  odour,  and  a  specific  gravity  of  .^^J^- 
They  usually  contain  1  per  cent,  of  alcohol,  1  per  cent,  of  extract,  fiom  5 
6  per  cent,  of  acetic  acid,  with  smaU  quantities  of  tartaric  acid  and  taitrat. 

'^^^he  drief  adulterations  of  vinegar  are  water,  mineral  acids,  especiaH: 
sulphuric,  metals,  such  as  copper,  arsenic,  lead  and  tin,  pyroligneons  acid  an. 
various  organic  substances,  such  as  colouring  agents  and  capsicum. 

Examination  of  Vinegar.-This  will  have  reference  to  both  quality  an. 

''"SfaTe"  several  kinds  of  vinegar  now  in  the  maAet,  ^^-^  ^ 
numbers  16,  18,  20,  22,  and  24.  Numbers  22  and  24  are  the^-t.  -^^^^ 
contain  about  5  per  cent,  of  pure  glacial  acetic  acid.    The  inferior 
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contain  3  per  cent,  or  even  less.  The  Society  of  Public  Analysts 
have  adopted  3  per  cent,  as  the  minimum  of  acetic  acid  permissible. 

Quality. — 1.  Take  specific  gravity  :  white  wine  vinegar  varies  from  1015 
to  1022,  malt  vinegar  from  1016  to  1019.  If  below  this  water  has  been 
added. 

2.  Determine  acidity  of  10  c.c.  with  the  alkaline  solution.  It  is  generally 
best  to  dilute  the  vinegar  ten  times  with  distilled  water,  and  to  take  10  c.c. 
of  the  diluted  vinegar.  Multiply  the  c.c.  of  alkaline  solution  used  by  0-6; 
the  result  is  acetic  acid  per  cent. 

Example.— IQ  c.c.  of  diluted  vinegar  took  8  c.c.  of  alkaline  solution:  8x0-6  =  4-8 
per  cent,  ot  acetic  acid. 

An  alternative  method  of  estimating  the  strength  of  vinegar  has  been 
suggested  by  Wynter-Blyth.  Distil  110  c.c.  until  100  c.c.  have  come  over, 
that  is  ten-elevenths.  The  100  c.c.  will  contain  80  per  cent,  of  the  whole 
acetic  acid  present  in  the  110  c.c.  and  may  be  titrated,  or  the  specific 
gravity  of  the  distiUate  taken,  and  the  percentage  of  acetic  acid  found  from 
the  following  table  : — 


Specific  gravity. 


1001 
1002 
1004 
1005 
1007 
1008 
1010 
1012 
1013 
1015 


Per  cent,  of  acetic  acid. 

Specific  gravity. 

Per  cent,  of  acetic  acid. 

1 

1016 

11 

2 

1017 

12 

3 

1C18 

13 

4 

1020 

14 

5 

1022 

15 

6 

1023 

16 

7 

1024 

17 

8 

1025 

18 

9 

1026 

19 

10 

1027 

20 

The  acidity  of  English  vinegar  is  chiefly  caused  by  acetic  and  sulphuric 
acids,  but  It  is  usually  calculated  at  once  as  glacial  acetic  acid.    If  it  falls 
below  3  per  cent.,  water  has  probably  been  added.    If  the  specific  gravity 
be  low  and  the  acidity  high,  excess  of  sulphuric  acid  may  have  been  added 
bodium  carbonate  or  ammonia  gives  a  purplish  precipitate  in  wine  vine^rar 
'lut  not  in  malt  vinegar.  ^  ' 

If  excess  of  sulphuric  acid  be  suspected,  it  must  be  determined  by 
naryta ;  tins  requires  care,  as  sulphates  may  be  introduced  in  the  water 
nyclrochloric  acid  and  barium  cliloride  are  added;  the  sulphate  of 
"arnini  collected,  dried,  weighed,  and  then  multiplied  by  0-412,  gives  the 
^veiglit  ot  sulphuric  acid. 

Adulterations.— WiitQx  ■  sulphuric  acid  in  excess;  hydrochloric  acid 
uncommon);  or  common  salt  (detected  by  nitrate  of  silver  and  dilute 
■trie  acid)  ;  pyroligneous  acid  (distU  and  re-distil  the  distillate,  the  residue 
•vJ;X%n!?  «^«".«f.Py^«lisneous  acid);  lead;  copper  from  vessels 
evaporate  to  dryness,  incinerate,  dissolve  in  weak  nitric  acid,  divide  into 
X  W  '  P^''  hydrogen  sulphide  through  one,  and  test  for  copper  in  the 
MrolT,h ^'"'^  ^vdL^i,  (pass 

pJn-eft  3"  'f'"'      «Pitate) ;  capsicum,  pellitory,  or  other 

alcohof  (evaporate  nearly  to  dryness,  and  dissolve  in  boiling 

^^tiZ'':;z%:i^y'^       ^^^^^  "^^^^  ^  ^^"^^  '^^'^  ^ 

The  presence  of  copper  in  the  vinegar  used  for  pickles  may  be  easily 
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detected  by  simply  inserting  the  bright  blade  of  a  steel  knife.  Manj 
vinegars,  especially  the  weaker  and  inferior  kinds,  often  contain  in  extra 
ordinary  abundance  Anguillula  oxypMla  or  vinegar  eels,  these  being  minuti 
worms  from  1  to  2-5  mm.  in  length.  Lindner  and  others  have  endeavourec 
to  show  that  these  worms  have  an  injurious  action  upon  those  drinking  th( 
vinegar.  Beyond  rendering  the  condiment  somewhat  disgusting  to  the  eye 
it  is  doubtful  whether  they  have  any  prejudicial  effect. 

As  an  article  of  diet,  vinegar  holds  the  same  rank  as  the  vegetable  acidf 
generally.  It  tends  to  maintain  the  alkalinity  of  the  blood  and  the  hquidt 
which  bathe  the  tissues.  The  acetic  acid  is  largely  converted  into  carbon 
ates  in  the  body,  and  in  doses  of  from  half  to  one  ounce  daily,  vinegar  is  i 
valuable  anti-scorbutic.  But  this  valuable  dietetic  quality  is  partly  counter 
balanced  in  English  vinegar  by  the  unfortunate  circumstance  that  sulphuric 
acid  ( i^th  in  weight)  is  allowed  to  be  added  to  it,  and  thus  a  strong  acid  ii 
taken  into  the  body,  which  is  not  only  not  useful  in  nutrition,  but  is  hurtfu 
from  the  tendency  to  form  insoluble  salts  of  lime.  This  defect  is  no 
present  in  the  wine  vinegar  from  the  Continent.  If  taken  well  dilute* 
with  water,  vinegar  makes  a  useful  and  far  from  disagreeable  drink. 


MUSTAED. 

Mustard  is  the  seed  of  the  Sinapis  alba  and  Sinapis  nigra.  Commonl\ 
Bold  as  a  powder,  it  is  liable  to  considerable  adulteration  by  being  mixec 
with  different  kinds  of  the  starches  or  with  turmeric. 

Good  mustard  is  known  by  the  sharp  acid  smell  and  taste.    Its  chi. 
adulterations  can  be  usually  detected  with  the  microscope.    The  micr. 
scopic  characters  of  mustard  seed  are  well  marked.    The  outer  coat  < 
!the  white  mustard  consists  of  a  stratum  of  hexagonal  cells,  perforatei 
iin  the  centre,  and  other  cells  which  occupy  the  centre  portion  of  th( 
hexagonal  cells,  and  which  escape  through  the  opening  when  swoUen  fron 
imbibition  of  water  (fig.  57).    These  ceUs  are  beheved  to  contain  the  mucdagt 
which  is  obtained  when  mustard  is  placed  in  water.    There  are  two  interna 
coats  made  up  of  smaU  angular  ceUs :  the  structure  of  the  seed  consists  ol 
numerous  cells  containing  oil,  but  no  starch.    The  black  mustard  has  tlu 
same  characters,  without  the  infundibulum  cells. 

Pure  mustard  contains  13-95  per  cent,  of  carbo-hydi-ates,  0-66  per  ceu 
of  volatile  oil,  and  35-42  per  cent,  of  fixed  oil.    In  an  adulterated  mustard^ 
the  carbo-hydrates  may  be  as  high  as  67  per  cent,  sometimes,  and  the  hxed 
'oils  as  low  as  or  even  below  7  per  cent. 


PEPPER. 


There  are  two  kinds  of  pepper,  the  black  and  the  white.  Bhck  pepper  i.^ 
obtained  from  Piper  nigrum,  while  white  pepper  is  the  same  decorticated. 
Dried  black  pepper  contains  about  7-87  per  cent,  piperin  and  fixed  oil.  Avitli 


not  less  than  50  per  cent,  of  carbo-hydrate  which  isti%ansformable  into    gn  . 
This  quantity  of  carbo-hydrate  has  been  suggested  as  a  test  for  the  pun 
of  pepper.    In  white  pepper,  the  piperin  and  fixed  oil  is  about  8  24  P 
cent.,  and  the  carbo-hydrates  64-95  per  cent.,  of  which  ^M^^r  cent,  s  staicl,. 

The  microscopic  characters  of  pepper  are  rather  complicated    there  k 
husk  composed  of  four  or  five  layers  of  cells  and  a  central  Portion.  ilu 
cortex  has  externally  elongated  cells,  placed  verticaUy,  and  provided  with 
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central  cavity,  from  which  lines  radiate  towards  the  circumference;  then 
come  some  strata  of  angidar  cells,  which  towards  the  interior  are  larger, 
iiid  filled  with  oil.  The  third  layer  is  composed  of  woody  fibre  and  spiral 
cells.  The  fourth  layer  is  made  up  of  large  cells,  which  towards  the  interior 
become  smaller  and  of  a  deep  red  colour ;  they  contain  most  of  the  essential 
oil  of  the  pepper.  The  central  part  of  the  berry  is  composed  of  large  angular 
cells,  about  twice  as  long  as  broad  (fig.  58).  Steeped  in  water,  some  of  these 
cells  become  yellow,  others  remain  colourless.  It  has  been  supposed  that  the 
yellow  cells  contain  piperin,  as  they  give  the  same  reactions  as  piperin  does  : 
the  tint,  namely,  is  deejjened  by  alcohol  and  nitric  acid,  and  sulphuric  acid 
applied  to  a  dry  section  causes  a  reddish  hue. 


Fig.  57.— White  Mustard  Seed.  —  1,  Outer  coat,  cuticle  mucilage  cells  ;  2,  Fibrous 
reticular  ;  3,  Small  angular  cells  ;  4,  Large  cells  and  very  delicate  membrane  • 
5,  Interior  of  seed  with  a  few  minute  oil  globules.  ' 

White  pepper  is  the  central  part  of  the  seed,  but  some  small  particles  of 
cortex  are  usually  mixed  with  it.  It  is  composed  of  cells  containing  very 
small  starch  grains.  HassaU  says  that  the  central  white  ceUs  are  so  hard 
that  they  may  be  mistaken  for  particles  of  sand.  A  little  care  would 
avoid  this.  The  starch  grains  are  easily  detected,  however  small  bv 
iodine.  '  ^ 

Pepper  is  adulterated  with  linseed,  mustard  husks,  wheat  and  pea  flour 
rape  cake,  and  ground  rice.  The  microscope  at  once  detects  these  adultera- 
tions. 

Pepper  is  also  largely  adulterated  with  husks  and  palm-nut  powder 
oivrette),  and  with  mineral  substances :  these  latter  may  be  separated  by 
>tiaking  up  with  chloroform.    No  pure  pepper  should  give  less  than  50  per 
"■nt.  oi  reducing  sugar  on  the  ash-free  substance  (piperin  and  piperidine 
caucmg  tlie  Fehlmg's  solution) ;  palm-nut  powder  gives  23  per  cent.  (Leng). 
^^euss  recommends  covering  the  powder  with  pure  hydrochloric  acid  :  true 
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pepper  becomes  intensely  yellow,  and  from  among  it  other  substances  can  b^ 
picked  out. 


Fig.  58. 


Pepper  dust  is  merely  the  sweepings  of  the  warehouses.  Eape  or  linseed 
cake,  cayenne  and  mustard  husks,  are  mixed  with  pepper  dust,  and  it  is 
then  sold  as  pepper. 

SALT. 

The  purity  of  ground  salt  is  known  by  its  whiteness,  fine  crystalline 
character,  dryness,  complete  and  clear  solution  in  Avater.  The  coarser  kinds, 
containing  often  chloride  of  magnesium,  and  perhaps  lime  salts,  are  darker 
coloured,  more  or  less  deliquescent,  and  either  not  thoroughly  crystalHsed  or 
in  too  large  crystals.  In  large  masses  rock  salt  is  often  of  a  reddish  colour, 
which  disappears  on  grinding. 

Dietetic  Use  of  the  Condiments. — The  various  condiments  OAve  their 
action  as  food  accessories  to  the  aromatic  oils  which  they  contain.  These 
oils  or  active  principles  have  practically  three  kinds  of  action.  In  the  first 
place  they  are  antiseptic,  and  by  virtue  of  this  property  serve  to  prevent 
acid  fermentation  in  the  digestive  tract.  They  are  aho ,  stimulants  of  diges- 
tive juices,  and  of  peristaltic  action.  Taken  in  quantity  and  by  themselves, 
possibly  some  act  as  stimulants  of  the  nervous  system  but  this  action  is 
quite  independent  of  their  rSle  as  food  accessories. 
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CHAPTER  VI. 


CLOTHING. 


(2)  to  maintain  its  warmth,  protect  it  from  injury,^ 


The  main  objects  of  clothing  are :  (1)  to  protect  the  body  from  cold, 
heat,  wind,  and  rain 
and  also  to  adorn  it. 

The  subject  naturally  divides  itself  into  two  parts,  namely,  first  a  descrip 
tion  of  the  materials  of  clothing,  and  second,  the  principles  which  shoul 
guide  us  in  the  selection  and  construction  of  clothing. 


MATEKIALS  OF  CLOTHING. 

The  chief  materials  used  for  clothing  are  derived  from  animals  an 
vegetables.    From  the  animal  world  Ave  get  wool,  fur,  leather,  feathers,  an 
silk;  while  from  vegetable  life  we  draw  cotton,  flax,  jute,  hemp,  coir, 
india-rubber,  and  gutta-percha.    To  these  might  be  added  various  inorganic 
bodies,  such  as  iron,  steel,  brass  and  glass  for  buttons,  &c. 

Although  the  materials  used  for  clothing  are  readily  recognised  by 
their  naked  eye  and  microscopical  characters,  certain  chemical  reactions  are 
of  value  in  appreciating  the  nature  of  mixed  fabrics.  They  may  be  thus 
summarised. 

Chemical  Eeactions. — Wool  and  silk  dissolve  in  boiling  liquor  potassse 
or  liquor  sod«  of  sp.  gr.  1040  to  1050,  while  cotton  and  linen  are  not 
attacked.  Wool  is  little  altered  by  lying  in  sulphuric  acid,  but  cotton 
and  linen  change  in  half  an  hour  into  a  gelatinous  mass,  which  is  coloured 
blue  by  iodine.  Silk  is  slowly  dissolved.  Wool  and  silk  take  a  yellow 
colour  in  strong  nitric  acid ;  cotton  or  linen  do  not.  So  also  wool  and  silk 
are  tinged  yellow  by  picric  acid ;  cotton  and  linen  are  not,  or  the  colour  is 
slight,  and  can  be  washed  off.  Silk,  again,  is  dissolved  by  hot  concentrated 
chloride  of  zinc,  which  will  not  touch  wool.  In  a  mixed  fabric  of  silk, 
wool,  and  cotton,  first  boil  in  strong  chloride  of  zinc,  and  wash  ;  this  gets 
rid  of  the  silk ;  then  boil  in  liquor  sodse,  which  dissolves  the  wool,  and  the 
cotton  is  left  behind.  Another  reagent  is  recommended  by  Sclilesmger, 
viz.,  a  solution  of  copper  in  ammonia ;  this  rapidly  dissolves  silk  and  cotton, 
and,  after  a  longer  time,  linen ;  wool  is  only  somewhat  swollen  by  it.  By 
drying  thoroughly  first,  and  after  each  of  the  above  steps,  the  weight  of  the 
respective  materials  can  be  obtained. 

Wool— Eound  fibres,  transparent  or  a  little  hazy,  colourless,  except 
when  artificially  dyed.  The  fibres  have  on  their  surface  imbricated  scales 
which  aU  run  in  one  direction  (fig.  59).  These  imbrications  or  serrations 
cause  wool  fibres  to  adhere  tightly,  and  make  it  difficult  to  unravel  closely 
woven  woollen  fabrics.  The  serrations  are  most  numerous  m  the  hne 
wools,  as  many  as  2800  per  inch  being  counted.    In  some  inferior  wools  the 
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serrations  are  not  more  than  500  to  the  inch.  When  old  and  worn  tlie 
libre  breaks  rip  into  fibnllw ;  and,  at  tlie  same  time,  the  markings  become 
indistmct.  By  these  cliaracters  old  wool  can  be  recognised  The  size  of 
the  fibres  vanes,  but  averages  from  -5-^  to  inch. 

As  an  Article  of  Clothing.— Wool  is  a  bad  conductor  of  heat  and  a  great 
absoi-ber  of  water ;  but  it  is  non-absorbent  of  odours.  The  water  penetrates 
into  tlie  fibres  themselves  and  distends  them  (hygroscopic  water),  and  also 
hes  between  them  (water  of  interposition).  In  these  respects  it  is  greatly 
superior  to  either  cotton  or  linen,  its  power  of  hygroscopic  absorption  bein^ 
ill  surface"         P^'opo^tio"  to  its  weight,  and  quadruple  in  proportion  to 

This  property  of  hygroscopically  absorbing  water  is  a  most  important 
one.    Dm-mg  perspiration  the  evaporation  from  the  surface  of  the  body  is 
necessary  to  reduce  the  heat  which  is  ^ 
generated  by  the  exercise.     When  the 
exercise  is  finished,  the  evaporation  still 
:  goes  on,  and,  if  unchecked,  to  such  an 
\extent  as  to  chill  the  frame.    "WTien  dry 
n'oollen  clothing  is  put  on  after  exer- 
.  tion,  the  vapoiu-  from  the  surface  of  the 
body  is  condensed  in  the  wool,  and  gives 
mi  again  the  large  amount  of  heat  which 
lead  become  latent  when  the  water  M'as 
-aporised.    Therefore  a  woollen  coverino', 
rom  this  cause  alone,  at  once  feels  warm 


 ,  J.KJKjXa  t 

vhen  used  during  sweating.    In  the 


case 


(J   ---ii  V-^CtOC 

it  cotton  and  linen  the  perspiration  passes 
lirough  them,  and  evaporates  from  the 
xternal  surface  without  condensation; 
he  loss  of  heat  then  continues.  These 
;icts  make  it  plain  why  dry  woollen 
lothes  are  so  useful  after  exertion. 

In  addition  to  this,  the  texture  of  wool 
■a  warmer,  from  its  bad  conducting  power, 
nd  it  is  less  easily  penetrated  by  cold 
inds.  The  disadvantage  of  wool  is  the 
'ay  in  which  its  soft  fibre  shrinks  in 
■■'ashing,  and  after  a  time  becomes  smaller, 
-arder,  and  probably  less  absorbent.  In 
-ashing  woollen  articles  they  should  never 
3  rubbed  or  wrung  out.     They  should 

'id  wntl      1'°*^  T"^  ""^'^  "'^^^^^  ^""^  then  plunged  into 

teiinll^g.        "^'P  ''-"'^  to  dry 

>  JS  b!f  ^'^'^''^r^  underclothing  the  touch  is  a  great  guide.  There 

ou Id  L  T^othness  and  great  softness  of  texture ;  to  the  eye  the  textm-e 

-  and  sttlil       ^Tf  ''r^^"-  °f  '''"^       '^^'^^'^  '^'^--^  length'  no 
■  Hp.    T  ^^'"^  ^'^^^^^^  the  substance  is,  in  a  given  bulk  the 

Mhe  cb  etsTcVtl  '^^/fness,  thickne'ss,  and  cCness  Sf 

.^tne  closeness  of  the  texture,  and  the  weight  of  the  blanket,  are  the  best 


Fig. 


59. 


.  the  same.    Wlien  held 


('  rlnfK  .1,  "iT7"  "T  vvnen  neid  against  the  lifht 

'M   Sstrll^^^  texture,  without  holes;  when  folded Tnd 

"ly  stretclied,  it  should  give  a  clear  ringing  note ;  it  should  be  very 
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resistant  when  stretched  Avith  violence ;  the  "  tearing  power "  is  tlie  best 
way  of  judging  if  "shoddy"  (old  used  and  worked-up  wool  and  clotli)  has 
been  mixed  witli  fresh  wool.  A  certain  weight  must  be  borne  by  every  piece 
of  cloth.  At  the  Government  Clothing  Establishment  at  Pimlico,  a  machine 
is  used  which  marks  the  exact  weight  necessary  to  tear  across  a  piece  of 
cloth.  Schlesinger  recommends  the  following  plan  for  the  examination  of 
a  mixed  fabric  containing  shoddy : — Examine  it  with  the  microscope,  and 
recognise  if  it  contains  cotton,  or  silk,  or  linen,  besides  wool.  If  so,  dissolve 
them  by  ammoniacal  solution  of  copper.  In  this  way  a  qualitative  examina- 
tion is  first  made.  Then  fix  attention  on  the  wool.  In  shoddy  both 
coloured  and  colourless  wool  fibres  are  often  seen,  as  the  fibres  have  been 
derived  from  different  cloths  which  have  been  partially  bleached;  the 
colouring  matter,  if  it  remains,  is  different — indigo,  purpurin,  or  madder. 
The  diameter  of  the  wool  is  never  so  regular  as  in  fresh  wool,  and  it  changes 
suddenly  or  gradually  in  diameter,  and  suddenly  widens  again  with  a  little 
swelling,  and  then  thins  off  again ;  the  cross  markings  or  scales  are  also 
almost  obliterated.  When  liquor  potassa?  is  applied  the  shoddy  wool  is 
attacked  much  more  quickly  than  fresh  wool. 

The  wool  from  the  Angora  goat  is  known  as  mohair,  and  is -largely  used 
in  the  making  of  plushes,  velvets,  astrachans,  and  other  fancy  fabrics. 
Alpaca  comes  from  the  Peruvian  sheep,  a  kind  of  llama.  It  is  a  very  fine 
silky  wool  and  greatly  used  for  shawls  and  umbrellas.  Cashmere  is  a 
specially  soft  and  fine  wool  from  the  Thibet  goat ;  it  is  very  expensive  and 
difficult  to  get.  Camel's  hair  is  really  a  fine  wool ;  it  is  now  chiefly  rnet 
with  in  the  underclothing  of  Jaeger.  Wool  is  largely  used  for  the  making 
of  flannel,  cloth,  blankets,  worsteds,  and  knitted  goods.  Felt  is  really  avooI 
made  up  without  either  weaving  or  spinning,  the  whole  holding  together 
simply  by  the  cohesion  of  the  serrated  fibres. 

Furs. — These  are  the  skins  of  certain  animals  from  cold  countries,  wliich 
have,  in  addition  to  their  long  "  overhair,"  a  dense  hairy  covering  called  fur. 
The  chief  are  bear,  seal,  chinchilla,  ermine,  and  Russian  sable  or  marten. 
Fur  is  often  used  for  making  felt ;  hat  felts  are  chiefly  made  by  compression 
under  heat  and  moisture  of  the  fur  from  horses  and  rabbits.  The  coarser 
felts  used  for  carpets  are  made  from  cow-hair. 

Leather.— The  skins  of  animals,  if  appropriately  prepared  by  taiming, 
tawing,  or  shammoying,  are  rendered  tough,  yet  soft  and  fit  for  use  by  man 
as  clothing.  The  chief  skin  so  used  are  those  of  the  ox,  sheep,  horse,  and 
goat.  Tanning  is  the  steeping  of  a  skin  in  an  infusion  of  oak  bark  or  other 
substances  rich  in  tannic  acid.  By  this  process,  insoluble  tannates  of  the 
gelatine  and  albumin  of  the  hides  are  formed.  To  be  properly  earned  out, 
tanning  takes  nearly  a  year.  Taioing  is  the  same  process  as  taniung,  except 
that  mineral  astringents,  such  as  alum  and  bichromate  of  potash,  are  used  m 
place  of  the  vegetable  product,  tannic  acid.  Tawing  is  more  rapid,  but  yields 
an  inferior  and  harsher  leather  than  tanning.  Shammoijing  is  the  nnpreg- 
nating  of  a  skin  with  fish  oil ;  it  is  chiefly  applied  to  light  skins,  and  is  tlie 
process  by  which  chamois  leather  is  prepared. 

Feathers  are  not  much  used  for  actual  clothing,  but  rather  as  ornaiiients. 
Their  employment  is  still  considerable  for  stuffing  pillows  and  beds,  iuese 
latter,  if  not  made  too  soft  and  luxurious,  are  quite  as  healthy  as  any  otner 

Silk.— This  is  the  strong  fibre  produced  or  spun  by  the  caterpillar  or 
larval  stage  of  certain  moths.    The  silk  threads  are  formed  m  two  smm 
glands  situated  on  the  under  part  of  the  body  and  opening  by  a  duct  on  w 
lower  lip ;  the  silk  serves  as  a  protecting  sheath  or  covering,  called  a  cocow  , 
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for  tlie  silkworm  when  about  to  assume  the  chrysalis  stage.    The  silk  thread 
so  ejected  by  each  worm  and  wound  into  a  cocoon  measures  some  4000 
yards  in  length  and  consists  of  two  fine  filaments,  one  from  each  gland,  laid 
side  by  side  and  agglutinated  together  into  a  single  thread  or  fibre.  '  The 
best  silk  is  produced  by  the  larva  of  the  moth  called  Bomhyx  mori,  or 
Chinese  silk-moth.    Other  kinds  of  silk  are  spun  from  other  silkworms 
closely  allied  to  the  B.  mori.    There  are  the  B.  textor  and  B.  fortunatus 
common  in  Bengal ;  the  B.  craisi,  found  in  Madras ;  the  B.  arracanensis,  met 
with  in  Burmah  ;  and  the  B.  sinensis,  belonging  to  China.    All  these  are 
mulberry  feeders.    The  caterpillar  of  another  moth  called  Anthercea  pernyi, 
found  in  Mongolia,  and  which  feeds  on  oak  leaves,  spins  the  kind  of  silk 
known  as  tussur  silk.    The  A.  mylitta  is  another  variety  of  the  tussur  silk- 
moth,  common  in  India.    It  feeds  on  bher  trees  and  other  shrubs.  Similar 
moths  are  found  in  Assam  and  Japan.    The  silk  fibre  (fig.  60)  consists  of  a 
central  core  or  fibre,  covered  with  a  waxy  and  albuminous  colourinrr  matter 
Microscopically,  sillc  fibres  are  structureless  and  glass-like,  usuaUy  measurinc^ 
some  o^th  inch  thick,  and  without  surface  markings  or  scales.    Silk  is 
insoluble  in  water,  alcohol,  and  ether,  but  dissolves  in  very  strong  alltalies 
mineral  acids,  and  acetic  acid.  It  is  readily  distinguished  from  wool  or  other 


Fig.  60. 


J  to'S  ^.^r  *^7°^S°^  '-^^  alkaline  solution  of  lead  oxide,  which,  owing 
-  to  the  presence  of  sulphur  m  wool,  darkens  it,  but  does  not  affect  silk 

pSicldd  T1^?''  ''''  "'^S^^^^^^  fibres  by  being  stainL  Xw  by 
S  worS     11  '  "^^^'^g^  ^•^'^^^^  yields  some  500  yards 

sUrtwJtf  'l    "'^'^'^  Its  manufactured  form  is  either  reeled  or^m 

tiJd   oco^^^^^^         -P'T"^  °^  ^P^^"^g  f™^^        --«te  and 

altemi  T     ^  i  manufacture  into  fabrics,  silk  fibre  is  larc^ely 

S  f^^r  r  ^^''^  by             ^^^g^^ts,  notably  salts  of 

lotW  7'  term  "silk,"  as  applied  to  actual  articles  of 

and  S;  ^Z^"^""'''^T'  "T"t"      "bat  something  is  mean 

•  plushes  velvet^  ""^"^^            *be  manufacture  of  satins,  silks, 

lustre    S^lk  t'  V  t           '"^f      ^       woollen  goods  to  give  them 

i  electricity.  "^''°'bent  of  moisture,  and  is  a  non-conductor  of 

J  Go8s^y,I;*u^  ' of\ho?7  "^t^f  I^^'-^"*^^  belonging  to  the  family 

eceUufoCld  va  V  f'o^'  ^^^T^'  ^"'1  ^""^^^  ^bres  consist  mainly  of 
rfrom  Te'  seeds  b/^  T  '  i  ""T  ^"""^      ^^"g*b.    The  fibres  are  f^eed 

rare  woven  So  fawf'"?-^^  ""^^  «P"^  i^to  y^rn, 

market     TW.  fin  1^  '  '  "'b,  after  being  bleached,  are  "finished"  for  the 
'<et.    This  finishmg  process  usually  involves  mangling,  starching,  and 
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damping,  and  often  includes  filling  up  the  interstices  between  the  fibres  with 
compounds  to  give  weight  and  a  false  appearance.  Cotton  is  largely  made 
up  into  sheeting,  calico,  towelling,  jean,  fustian,  velveteen,  flannelette,  and 
paper.  When  mixed  with  wool,  it  constitutes  the  merino  of  vests,  socks, 
and  many  fancy  materials;  it  is  also  mixed  with  silk  or  the  cheaper  kmd^ 
of  silken  goods. 

Microscopically,  cotton  is  a  diaphanous  substance  forming  fibres  about 
^^i^th  of  an  inch  in  diameter,  flattened  in  shape,  and  riband-like,  with  an 
interior  canal  which  is  often  obliterated,  or  may  contain  some  extractive 
matters,  borders  a  little  thickened,  Jthe  fibres  twisted  at  intervals  (about  600 
times  in  an  inch)  (fig.  61).  It  has  been  stated  that  the  fresh  cotton  fibr(^ 
is  a  cylindrical  hair  with  thin  walls,  which  collapse  and  twist  as  it  becomes 
dry.  Iodine  stains  them  brown;  iodine  and  sulphuric  acid  (in  very  small 
quantities)  give  a  blue  or  violet-blue;  nitric  acid  does  not  destroy  them, 
but  unrolls  the  twist. 


Fig.  61. 


Fig.  62. 


As  an  Article  of  Dress.— The  fibre  of  cotton  is  exceedingly  hard,  it  wear 
well,  does  not  shrink  in  washing,  is  very  non-absorbent  of  water  (either  mt 
its  substance  or  between  the  fibres),  and  conducts  lieat  rather  less  rapicU^ 
tlian  linen,  but  much  more  rapidly  than  wool.   It  is  very  absorbent  of  odouK 

The  advantages  of  cotton  are  cheapness  and  durabihty ;  its  Hard  non 
absorbing  fibre  places  it  far  below  wool  as  a  warm  water-absorbing  clothmg 
In  the  choice  of  cotton  fabrics  there  is  not  much  to  be  said;  smootlmes^ 
evenness  of  texture,  and  equality  of  spinning,  are  the  chief  points.  i 

In  cotton  shirting  and  calico,  cotton  is  alone  used ;  in  merino  and  otne 
fabrics  it  is  used  with  wool,  in  the  proportion  of  20  to  50  per  cent,  of  wool) 
the  threads  being  twisted  together  to  form  the  yarn. 


LINEN. 
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Cellular  cloth  is  made  i^rincipally  from  cotton.  The  fibres  are  so  woven 
as  to  leave  large  cellular  interspaces  in  the  fabric,  and  the  air  contained 
therein  renders  it  an  excellent  non-conductor :  its  warmth  dej^ends  on  its 
porous  character.    It  is  said  to  be  very  durable. 

Flax  is  a  fibre  obtained  from  the  stalks  of  a  plant  called  the  Linum 
usitatissimum,  which  grows  to  a  large  extent  in  Eussia  and  Ireland.  The 
seeds  are  the  familiar  linseed,  from  which  linseed  meal,  oil,  and  cake  are 
prepared.  The  stalks,  after  being  allowed  to  ferment  or  rot  on  the  ground 
in  the  damp,  are  beaten  and  combed  until  something  like  6  per  cent,  of 
saleable  flax  fibre  is  obtained  from  the  plant.  The  flax  or  linen  fibres  (fig.  62), 
when  seen  under  the  microscope,  are  marked  by  transverse  striae  at  regular 
intervals ;  they  are  not  flat  like  cotton,  but  more  like  silk,  only  they  show 


'  a  fibrous  and  jointed  structure  which  is  not  met  with  in  silk.  Flax  is  much 
'  more  expensive  than  cotton,  and  is  used  chiefly  for  the  manufacture  of  linen, 
cambric,  and  lawn.  Linen  resembles  cotton  in  being  a  good  conductor  of 
■'  neat  and  a  bad  absorbent  of  moisture.  It  is  in  many  respects  even  inferior 
to  cotton  for  underclothing,  but  from  its  smoothness  and  lustre  is  unequalled 
>is  a  material  for  collars,  cuff's,  and  shirt  fronts.  Weight  for  weight,  flax 
"toe  IS  stronger  than  cotton,  in  the  ratio  for  single  yarn  of  3  to  1-8,  for 
double  yarn  as  3  to  2-25,  and  for  cloth  as  3  to  2-1. 

Jute  IS  a  brittle  and  very  hygroscopic  fibre  obtained  from  the  Corchorus 
capsulans,  a  plant  growing  chiefly  in  Bengal.    Jute  is  not  much  used  for 
uotiiing  except  as  an  adulteration  of  silk  and  in  the  making  of  false  hair; 
18  chiefly  employed  for  coarse  fabrics  such  as  mats,  cheap  carpets,  sacking, 
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curtains,  and  table-covers.  It  is  used  also  as  a  Imcking  for  floorcloths.  The 
fil)res  are  brittle  and  very  hygroscopic  ;  often  hollow,  thickened,  and  marked 
by  constrictions  ;  sometimes  an  air-bubble  may  be  in  the  fibi-e,  as  shown  in 
the  drawing  (tig.  63). 

Hemp  is  another  fibre  not  much  used  in  European  countries  for  clothing. 
It  is  a  coarse  fibre,  prepared  from  tlie  stem  of  the  Cannabis  sativa,  a  plant 
growing  in  Europe,  Asia,  and  America.  It  is  prepared  like  flax  and  jute, 
and  chiefly  used  for  rope,  yarn,  canvas  packing,  and  sail  cloth.  The  Indian 
plant  yields  a  narcotic  drug,  while  hemjj-seed  is  a  popular  food  for  birds. 

The  hemp  fibre  is  something  like  flax,  but  much  coarser,  and  at  the  knots 
it  separates  often  into  a  number  of  smaller  fibres. 

Coir  is  a  coarse,  tough,  harsh,  yet  light  fibre  obtained  from  the  husk  of 
the  cocoanut.  It  is  rarely  used  for  clothing,  but  largely  so  for  making  mats, 
brushes,  and  ropes. 

India-rubber  enters  largely  in  the  present  day  into  the  constitution  of  our 
clothing,  cliiefly  because  it  is  elastic  and  impermeable  to  water.  Under  the 
name  of  caoutchouc,  it  is  the  milky  juice  of  several  plants  growing  in  Africa, 
Asia,  and  South  America.  Caoutchouc  is  a  somewhat  complex  body,  dis- 
solving in  chloroform,  ether,  petroleum,  benzene,  and  carbon  disidphide, 
Ereezing  impairs  its  elasticity,  while  great  heat  softens  and  melts  it.  Fats 
also  destroy  it.  When  steeped  in  melted  sulphur  at  140°  C,  caoutchouc 
becomes  vulcanised.  Macintosh  cloth  is  merely  a  cotton  or  silk  fabric 
covered,  layer  by  layer,  with  a  solution  or  paste  of  caoutchouc.  Gutta-percha 
is,  like  india-rubber,  the  juice  of  certain  trees ;  but  these  grow  only  in  the 
Malay  peninsula.  Excepting  as  boot  soles,  gutta-percha  is  little  used  in 
clothing. 


PRINCIPLES  OF  SELECTION  AND  CONSTRUCTION  OF 

CLOTHING. 

Warmth  and  coolness,  or  the  power  of  maintaining  the  body  heat  at  its 
normal  height,  being  the  most  important  property  of  all  dress  materials,  it 
follows  that  our  choice  of  clothing  Avill  depend  largely  upon  this  feature. 
How  far  a  given  clothing  will  give  warmth  depends  upon  its  material,  its 
texture,  number  of  layers,  and  its  colour.  Owing  to  fabrics  conducting  heat 
in  the  following  order  from  highest  to  lowest,  namely,  linen,  cotton,  silk, 
feathers,  fur,  and  wool,  it  follows  that  wool,  fur,  and  feathers  are  the 
warmest  materials,  then  silk  and  cotton ;  while  linen  is  the  coolest.  The 
more  readily  a  material  conducts  heat,  of  course,  the  cooler  it  feels.  This 
heat-conducting  property  is  mainly  proportionate  as  to  how  close  it  is  woven, 
and  as  to  how  little  air  'it  contains.  On  this  account,  all  soft,  furry  fabrics, 
no  matter  whether  of  wool  or  cotton,  always  feel  warmer  than  the  closely 
woven,  smooth-surfaced  silks  and  linens.  In  the  same  way,  the  more  layers 
of  clothing  there  are,  the  more  layers  of  air  there  are  retained  between 
them.  The  influence  of  colour  is  dependent  upon  the  heat-absorbing  powers 
of  that  colour.  White  absorbs  heat  the  least,  and  is  consequently  the 
coolest ;  then  comes  yellow,  red,  green,  blue,  and  black.  It  is  obvious  this 
effect  of  colour  can  only  be  of  influence  when  outside,  and  that  the  popular 
idea  that  red  flannel,  when  worn  next  the  skin,  or  as  part  of  an  under- 
(rarment,  is  warmer  than  white  is  imaginary.  As  a  rule,  it  is  a  mistake  to 
wear  coloured  clothing  next  the  skin,  as  not  unfrequently  the  dyes  are 
irritative,  and,  coining  ofl:,  give  rise  to  skin  diseases. 

In  determining  the  selection  of  a  material  for  clothing,  its  hygroscopic 
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or  absorbent  power  for  water  is  of  the  first  importance.  The  liygroscopic 
quahties  of  wool  are  undoubtedly  far  greater  than  those  of  other  fibres, 
especially  the  vegetable,  but  these  latter  certainly  absorb  more  water  than 
is  generally  realised.  The  variations  in  this  respect,  between  different 
materials,  is  largely  due  to  the  manner  in  Avhich  the  manufactured  article  is 
woven.  There  can  be  no  doubt  that,  as  a  general  rule,  woollen  goods  Avill 
absorb  far  more  water  than  cotton,  but  if  we  compare  the  absorbent  poAver 
of  a  closely  woven  woollen  fabric  with  that  of  a  loosely  woven  cotton,  such 
as  bath  towelling,  there  is  very  little  difference  between  them ;  in  fact,  if 
anything,  the  margin  is  in  favour  of  the  cotton  material.  Flannel  absorbs 
moisture  readily,  and  by  virtue  of  its  high  hygroscopic  power,  evaporation 
from  its  surface  is  slow.  It  is  for  this  reason  that  flannel  constitutes  the 
best  material  for  garments  for  those  perspiring  freely  :  the  evaporation  being 
slow  and  gradual  causes  the  chilling  of  the  body,  when  exercise  ceases,  to 
be  comparatively  slight.  On  the  other  hand,  if  a  man  perspires  freely  in  an 
ordinary  close  woven  cotton  or  linen  garment,  this  rapidly  becomes  wet 
through,  adheres  to  the  skin,  evaporation  quickly  jsroceeds,  leading  to 
great  surface  chilling  and  loss  of  heat.  The  more  recent  method  of  weav- 
ing cotton  materials  more  loosely  has  undoubtedly  reduced  the  general 
defects  of  cotton  clothing  in  this  respect. 

For  this  country,  flannel  and  AvooUen  goods  are  the  safest  materials  to 
Avear ;  but  if  cotton  or  linen  be  Avorn,  it  must  be  Avoven  loosely,  so  as  to 
give  some  thiclcness  and  porosity  to  the  fabric.  In  the  tropics,  avooI  is  too 
heavy  a  material,  linen  or  cotton  shirting  being  more  generally  suitable. 
The  Cliinese  habit  of  Avearing  a  net  next  to  the  skin  in  hot  Aveather,  Avith  a 
thin  silken  garment  over  it,  is  a  good  one ;  the  net,  Avithout  increasing  the 
heat,  prevents  the  perspiration  soaking  into  the  upper  garment,  and  the 
1  latter  from  fitting  too  closely  to  the  skin. 

Reference,  in  this  place,  may  not  be  inappropriate  to  the  various  forms  of 
Avaterproof  clothing  noAv  worn.    Except  under  extreme  circumstances  of 
I  rain,  the  use  of  india-rubber  garments  is  to  be  absolutely  condemned  ;  being 
i  impermeable,  evaporation  is  minimised,  Avith  the  result  that  the  body  quiclcly 
1  breaks  out  into  perspiration,  accompanied  by  more  or  less  discomfort.  On 
t  the  other  hand,  impregnated  Avoollen  and  other  materials,  Avaterproof  but  at 
t  the  same  time  porous,  have  probably  a  great  future.    In  examining  such 
materials,  it  is  essential  to  note  Avhether  they  are  permeable  to  air  or  not. 
This  can  very  readily  be  done  by  stretching  the  fabric  over  a  pipe  or  tube 
and  observing  whether  air  bloAvn  doAvn  the  tube  can  pass  tlixough  the  tissue 
sufliciently  to  affect  a  candle  flame. 
•  A  well-prepared  waterproof  material  Avill  permit  of  a  candle  being  ex- 
t  tingmshed,  when  blown  through  a  1  inch  pipe,  at  a  distance  of  6  inches. 
I  Poore,  quoting  from  Cooley,  gives  the  following  methods  for  preparing  a 
'  Avaterproof  cloth  : — 

1.  Moisten  the  cloth  on  the  AA'rong  side  Avith  a  Avealc  solution  of  isin- 
:  glass,  and,  when  dry,  further  moisten  Avith  an  infusion  of  nut-galls. 

2.  Moisten  the  cloth  on  the  Avrong  side  with  a  solution  of  soap,  and, 
when  dry,  with  a  solution  of  alum. 

3.  Thorougldy  rub  the  Avrong  side  of  the  cloth  Avith  pure  beeswax,  free 
trom  grease,  until  it  presents  an  even  grey  appearance  ;  a  hot  iron  is  then  to 
oe  passed  over  it,  and  the  cloth  being  brushed  whilst  warm,  the  process  is 
complete.  ^ 

vVhile  affording  warmth,  protect  ion  from  wind,  wet  and  injury,  clothing 
nould  ahvays  be  so  made  as  not  to  in  any  Avay  impede  natural  movements, 
nor  unduly  constrict  any  part  of  the  body,  nor  be  needlessly  heavy,  and 
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also  not  afford  unnatural  support.  The  more  we  analyse  the  common  forms 
of  clothing,  the  more  we  see  that  their  main  faults  are  in  the  direction  of 
impediment,  constriction,  and  weight.  This  is  particularly  emphasised  in 
the  case  of  long  and  close-fitting  skirts,  tight  sleeves,  stays,  garters,  bands 
round  the  waist  and  neck,  ill-fitting  gloves,  hats,  and  hoots. 

Many  of  these  defects  and  faults  would  be  obviated  if  people  would 
remember  that  (1)  no  article  of  clothing  should  be  either  so  tight  as  to  inter- 
fere with  the  circidafcion,  or  so  shaped  as  to  change  the  natural  outline  of 
any  part  of  tlie  body;  (2)  no  garment  should  contain  more  material  than  is 
actually  necessary ;  (3)  all  garments  requiring  suspension  should  be  sus- 
pended directly  or  indirectly  from  the  shoulders  or  h\-ps. 

Probably  no  article  of  attire  is  more  faulty  than  the  boot.  A  properly 
made  boot  should  fit  the  foot  accurately ;  the  great  toe  should  be  in  a 
straight  line  with  the  inside  of  the  foot ;  the  shape  of  the  sole  of  the  boot 
should  be  taken  by  di'awing  a  jDencil  round  the  outline  of  the  foot  when  the 
weight  of  the  body  is  resting  on  the  foot,  as  in  standing,  so  that  the  sole 
may  be  big  enough  to  support  the  fully  expanded  foot ;  the  material  should 
be  of  soft  and  flexible  leather ;  even  when  new,  the  wearer  ought  to  be  able 
to  move  all  the  toes  with  freedom  in  the  boot ;  the  heel  should  be  broad 
and  low.  The  stocking  or  sock  should,  whenever  possible,  be  of  a  woollen 
material  or  a  mixed  material  in  Avhich  wool  predominates.  If  no  sock  be 
worn,  the  boot  needs  to  be  high  and  close-fitting  round  the  ankle,  so  as  to 
prevent  dust  and  stones  getting  into  the  boot.  The  sole  of  a  boot  should  be 
Avider  than  the  foot,  and  if  the  boot  is  meant  for  hard  wear,  the  excess  of 
breadth  in  the  sole  should  be  considerable,  so  as  to  serve  as  a  protection 
against  loose  stones, 
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CHAPTER  VII. 


EXEEOISE. 

A  PERFECT  state  of  health  implies  that  every  organ  has  its  due  share  of 
exercise.  If  this  is  deficient,  nutrition  suffers,  the  organ  lessens  in  size,  and 
evidently  more  or  less  degenerates.  If  it  be  excessive,  nutrition,  at'  first 
apparently  vigorous,  becomes  at  last  abnormal,  and  in  many  cases  a  degenera- 
tion occurs  which  is  as  complete  as  that  which  follows  the  disuse  of  an°oro-an. 
Every  organ  has  its  special  stimulus  which  excites  its  action,  and  if  this 
stimulus  is  perfectly  normal  as  to  quality  and  quantity,  perfect  health  is 
necessarily  the  result. 

But  the  term  exercise  is  usually  employed  in  a  narrower  sense,  and  ex- 
presses merely  the  action  of  the  voluntary  muscles.  This  action,'  thouo-h 
not  absolutely  essential  to  the  exercise  of  other  organs,  is  yet  highly  impor- 
tant, and,  indeed,  in  the  long-rmi,  is  really  necessary ;  the  heart  especially 
IS  evidently  affected  by  the  action  of  the  voluntary  muscles,  and  this  may 
be  said  of  all  organs,  with  the  exception,  perhaps,  of  the  brain.  J^ot  only 
the  circulation  of  the  blood,  but  its  formation  and  its  destruction,  are  pro- 
foundly influenced  by  the  movement  of  the  voluntary  muscles.  Witliout 
this  muscular  movement  health  must  inevitably  be  lost,  and  it  becomes 
therefore  important  to  determine  the  effects  of  exercise,  and  the  amount 
which  should  be  taken. 


THE  EFFECTS  OF  EXEKCISE. 

On  the  Lungs-Elimination  of  Carbon.— The  most  important  effect  of 
muscular  exercise  is  produced  on  the  Ixmgs.  The  pulmonary  circulation  is 
greatly  luirried,  and  the  quantity  of  air  inspired,  and  of  carbon  dioxide 
SFnf.  1  {f'-^^^^llo^fly  If  ceased.  Edward  Smith  investigated  the  first 
point  carefully,  and  the  following  table  shows  his  main  results.    Takin-  the 


lying  position 
follows : — 


unity,  the  quantity  of  air  inspired  was  found  to  be 


as 


Lying  position,  . 
Sitting,       .       .       .  . 
Standing,     .       .       .  , 
Ringing. 

Walking  1  mile  i)er  liour,  . 
"      2  ,, 
'>      3  ,, 
II       and  carrying  34  lb, 


1-00 
1-18 
1-33 
1-26 

1-  90 

2-  76 
3*23 

3-  50 


Walking  and  carrying  63  ft, 
118  ft, 
,,       4  miles  per  hour, 

"       ^  ,) 
Riding  and  trotting,  . 
Swimming,  , 
Treadmill,   ,       .  \ 


3-  84 

4-  75 

5-  00 
7-00 
4-05 

4-  33 

5 -  60 


this'^wav^'uidrr^^^^  air  inspired  is  more  clearly  seen  when  it  is  put  in 
pei  Ste    ff  1  .  w  ^         draws  in  480  cubic  inches 

ler  minute ,  if  he  walks  four  miles  an  hour  he  draws  in  (480  x  5  =  )  2400 
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cubic  inches;  if  six  miles  an  liour  (480x7  =  )  3360  culiic  inches.  Simul- 
taneously, the  amount  of  carbon  dioxide  in  the  expired  air  is  increased. 

The  ]nost  relial:)le  observations  in  this  direction  are  those  made  liy  E. 
Smith,  Hirn,  Speck,  and  Pettenkofer  and  Voit.  As  there  is  no  doubt  that 
the  peculiar  means  of  investigation  render  the  experiments  of  the  last- 
named  autliors  as  accurate  as  possible  in  the  present  state  of  science,  they  are 
given  briefly  in  the  following  table  : — 

Ahsorption  and  Elimination  in  Rest  aiul  Exercise. 


Weight  of  man  experimented  upon, 
60  kilos=132  lb  avds. 

Absorption 
of  Oxygen  in 
Grammes. 

Elimination  in  Grammes  of — 

Cai'bon 
Dioxide. 

Water. 

Urea. 

Rest-day,  

Work-day,  

708-9 
954-5 

911-5 
1284-2 

828-0 
2042-1 

37-2 
37-0 

Excess  on  work-day  (with  exception  ) 
of  urea),  i 

245-6 

372-7 

1214-1 

-0-2 

In  other  words,  during  the  work-day  3790  grains,  or  8-66  ounces,  of 
oxygen  were  absorbed  in  excess  of  the  rest-day,  and  5751  grains,  or  13-15 
ounces,  of  carbon  dioxide  in  excess  were  evolved.  Expressing  this  as  carbon, 
an  excess  of  1046  grains,  or  2-39  ounces,  were  eliminated  on  the  work-day. 
There  was  an  excess  of  oxidation  of  carbon  equal  to  41  per  cent.,  and  it 
must  be  remembered  that  the  so-called  "work-day"  included  a  period  of 
rest ;  the  work  was  done  only  during  the  working  hours,  and  was  not 

6XC6SS1VG. 

It  will  be  observed  from  these  experiments  that  a  large  amount  of  water 
was  eliminated  during  exercise,  while  the  urea  was  not  really  changed. 

It  seems  certain  that  the  great  formation  of  carbon  dioxide  takes  place  m 
the  muscles ;  it  is  rapidly  carried  off  from  them,  and  if  it  were  not  so,  it 
seems  hio-hly  probable  that  their  strong  action  would  become  impossible. 
At  any  rate,  if  the  pulmonary  circulation  and  the  elimination  of  carbon 
dioxide  are  ili  any  way  impeded,  the  power  of  continuing  the  exertion  rapidly 
lessens.    The  watery  vapour  exhaled  from  the  lungs  is  also  largely  increased 

during  exertion.  ra  ■    .  ^■   ■    r  ^.t 

Muscular  exercise  is  then  clearly  necessary  for  a  sufficient  elimination  ot 
carbon  from  tlie  body,  and  it  is  plain  that,  in  a  state  of  prolonged  rest,  either 
the  carboniferous  food  must  be  lessened  or  carbon  will  accumulate. 

Excessive  and  badly  arranged  exertion  may  lead  to  congestion  of  the 
lun-s'  and  even  haemoptysis.  Deficient  exercise,  on  the  other  hand,  is  one 
of  the  conditions  which  favour  those  nutritional  alterations  m  the  lung  whicJi 

we  class  as  tuberculous.  .  .  „f  fV,o 

Certain  rules  flow  from  these  facts.  During  exercise  the  action  of  the 
luncrsmustbe  perfectly  free ;  not  the  least  iinpediment  must  be  offered  to 
the  freest  play  of  the  chest  and  the  action  of  the  respiratory  muscles  1  e 
dress  and  accoutrements  of  the  soldier  shou  d  be  planned  in  reference  to  Ins 
fact  as  there  is  no  man  who  is  called  on  to  make,  at  certain  time  ,  greater 
exe  t  on.  And  yet,  till  a  very  recent  date,  the  modern  armies  of  l>urope 
were  dressed  and  accoutred  in  a  fashion  which  ^ook  from  the  soldier,  m  a 
gieat  degree,  that  power  of  exertion  for  which,  and  for  which  alone,  he  is 
selected  and  trained. 
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The  action  of  the  lungs  should  be  watched  when  men  are  being 
trained  for  exertion ;  as  soon  as  the  respirations  become  laborious,  and 
.  especially  if  there  be  sighing,  the  lungs  are  becoming  too  congested,  and 
-  rest  is  necessary. 

A  second  point  is  that  the  great  increase  of  carbon  excreted  demands  an 
increase  of  carbon  to  be  given  in  the  food.  There  seems  a  general  accord- 
ance among  physiologists  that  this  is  best  given  (as  far  as  digestion  permits) 
in  the  form  of  fat,  and  not  of  starch,  and  this  is  confirmed  by  the  instinctive 
appetite  of  a  man  taking  exertion,  and  not  restrained  in  the  choice  of  food. 
A  third  rule  is  that,  as  spirits  lessen  the  excretion  of  pulmonary  carbon 
i  dioxide,  tliey  are  hurtful  during  exercise ;  and  it  is  perhaps  for  this  reason, 
as  well  as  from  their  deadening  action  on  the  nerves  of  volition,  that  those 
who  take  spirits  are  incapable  of  great  exertion.  This  is  now  Avell  under- 
si  stood  by  trainers,  who  allow  no  spirits,  and  but  little  wine  or  beer.  It  is  a 
c  cin-ious  fact,  stated  by  Artmann,  that  if  men  undergoing  exertion  take 
s  spirits,  they  take  less  fat.  Oxidation  of  fat  is  interfered  with,  and  there- 
fi  fore  less  fat  is  required.     Water  alone  is  the  best  liquid  to  train  on. 

A  fourth  rule  is  that,  as  the  excretion  of  carbon  dioxide  (and  perhaps  of 
pulmonary  organic  matter)  is  so  much  increased,  a  much  larger  amount  of 
pure  air  is  necessary ;  and  in  every  covered  building  (as  gymnasia,  riding- 
schools,  &c.)  where  exercise  is  taken,  the  ventilation  must  be  carried  to  the 
f  greatest  possible  extent,  so  soon  does  the  air  become  vitiated. 

On  the  Circulation.— The  action  of  the  heart  rapidly  increases  in  force 
and  frequency,  and  the  flow  of  blood  through  all  parts  of  the  body, 
mcluding  the  heart  itself,  is  augmented.  The  amount  of  increase  is  usually 
ifrom  ten  to  thirty  beats,  but  occasionally  more.  After  exercise,  the  heart's 
action  falls  below  its  normal  amount ;  and  if  the  exercise  has  been  exceed- 
ingly prolonged  and  severe,  may  fall  as  Ioav  as  fifty  or  forty  per  minute 
and  become  intermittent.  During  exertion,  when  the  heart  is  not  oppressed' 
tits  beats,  though  rapid  and  forcible,  are  regular  and  equable ;  but  when  it 
-becomes  embarrassed,  the  pulse  becomes  very  quick,  small,  and  then 
unequal,  and  even  at  last  irregular.  When  men  have  gone  throucrh  a  crood 
l-deal  of  exertion,  and  then  are  called  upon  to  make  a  sudden  eff'ort,°the 
^ pulse  may  become  very  small  and  quick  (160-170),  but  still  retain  its 
equability.  There  seems  no  harm  in  this,  but  such  exertion  cannot  be  lone 
contmued.  ^ 

The  ascension  of  heights  greatly  tries  a  fatigued  heart.  The  accommoda- 
nion  ot  the  heart  to  great  exertion  is  probably  connected  with  the  easy  flow 
*lot  biood  through  Its  own  structure.  Certain  forms  of  chronic  disease  of  the 
xneart  have  been  treated  by  the  "mountain  cure,"  introduced  by  Oertel  • 
out  very  great  caution  is  required  in  carrying  out  this  treatment,  and  bigb 
I  elevations  are  contra-indicated  in  these  affections. 

^^^'''^f  ^^^'^^  *°  affection  of  the  heart, -rupture  (in  some  few 
■  v^vnl'  P7''^'^*i°"'  hypertrophy  in  a  good  many  cases,  and  more  rarely 
■iSo^ortL  These  may  be  avoided  by  careful  training,  and  a  due 

ISoW  •    ^  hJ!"""'      ^'''"^^  '"^y        ^•^'^"l*^  f'-^'"^  too  sudden  or 

.       I^""-  ^Pl^yfe^og^'-^Pl^c  observations  of  Fraser  on  the 

*pui8es  of  men  after  rowing  show  how  much  the  pressure  is  increased. 

'.to  S^:^^^^;^:^  «f       heart's  action,  and  probably 

■.watJbor'""'''"'''"^'  unaccustomed  exercise,  the  heart  must  be  closely 
•S  SAr'fr?  (120-UO),  inequality,  and  then  irregularity, 

rorde,  7  f Tl.  '  f S^''^'!"^!  ""^^'"^'^^  ^"•'^  necessary,  in 
oraei  tliat  the  heart  may  be  accustomed  to  the  work. 
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On  the  Skin. — Tlie  skin  becomes  red  from  turgescence  of  the  vessels, 
and  perspiration  is  increased  ;  water,  chloride  of  sodium,  and  acids  (probably 
ill  part  fatty)  pass  off  in  great  abundance.  Some  nitrogen  passes  off  in  a 
soluble  form  as  urea,  but  the  amount  is  extremely  small ;  it  is  increased  on 
exertion  with  the  increased  perspiration.  No  gaseous  nitrogen  is  given  off 
in  healthy  men  from  the  skin. 

The  amount  of  fluid  passing  off  is  not  certain,  but  is  very  great.  Speck's 
experiments  show  that  it  is  at  least  doubled  under  ordinary  conditions. 
Pettenlvofer  and  Yoit's  experiments  show  even  a  larger  increase.  The 
usual  ratio  of  the  urine  to  the  lung  and  skin  excreta  is  reversed.  Instead 
of  being  as  1  to  0*5  or  0'8,  it  becomes  as  1  to  1"7  or  2,  or  even  2"5.  This 
evaporation  reduces  and  regulates  the  heat  of  the  body,  which  would  other- 
wise soon  become  excessive ;  so  that  the  body  temperature  rises  little  above 
the  ordinary  temperature.  No  amount  of  external  cold  seems  to  be  able  to 
check  the  passage  of  fluid,  though  it  may  partly  check  the  rapidity  of 
evaporation.  If  anything  check  evaporation,  the  body-heat  increases,  and 
soon  languor  comes  on  and  exertion  becomes  difficult. 

During  exertion  there  is  little  danger  of  chill  under  almost  any  circum- 
stances ;  but  when  exertion  is  over,  there  is  then  great  danger,  because  the 
heat  of  the  body  rapidly  declines,  and  falls  below  the  natural  amount,  and 
yet  evaporation  from  the  skin,  which  still  more  reduces  the  heat,  continues. 

The  rules  to  be  draAvn  from  these  facts  are — that  the  skin  should  be 
kept  extremely  clean;  during  the  period  of  exertion  it  may  be  thinly 
clothed,  but  immediately  afterwards,  9r  in  the  intervals  of  exertion,  it 
should  be  covered  sufficiently  Avell  to  prevent  the  least  feeling  of  coolness  of 
the  surface.    Flannel  is  best  for  this  purpose. 

On  the  Voluntary  Muscles. — The  muscles  grow,  become  harder,  and 
respond  more  readily  to  volition.  Their  growth,  hoAvever,  has  a  limit ;  and 
a  single  muscle,  or  group  of  muscles,  if  exercised  to  too  great  an  extent, 
will,  after  grooving  to  a  great  size,  commence  to  waste.  But  this  seems  not 
to  be  the  case  when  all  the  muscles  of  the  body  are  exercised,  probably 
because  no  single  muscle  or  group  of  muscles  can  then  be  over-exercised. 
It  seems  to  be  a  fact,  however,  that  prolonged  exertion,  without  sufficient 
rest,  damages  to  a  certain  extent  the  nutrition  of  the  muscles,  and  they 
become  soft. 

The  rules  to  be  drawn  from  these  facts  are,  that  all  muscles,  and  iiot 
single  groups,  should  be  brought  into  play,  and  that  periods  of  exercise 
must  be  alternated,  especially  in  early  training,  with  long  intervals  of  rest. 

On  the  Nervous  System. — The  effect  of  exercise  on  the  mind  is  not 
clear.  It  has  been  supposed  that  the  intellect  is  less  active  in  men  Avho 
take  excessive  exercise,  owing  to  the  greater  expenditure  of  nervous_  energy 
in  tliat  direction.  But  there  is  no  doubt  that  great  bodily  exercise  is  quite 
consistent  with  extreme  mental  activity:  and,  indeed,  considering  that 
perfect  nutrition  is  not  possible  except  with  bodily  activity,  we  should  infer 
that  sufficient  exercise  would  be  necessary  for  the  perfect  performance  of 
mental  Avork.  Doubtless,  exercise  may  be  pushed  to  such  an  extreme  as  to 
leave  no  time  for  mental  cultivation ;  and  this  is  perhaps  the  explanation 
of  the  proverbial  stupidity  of  the  atlilete.  Deficient  exercise  causes  a 
heightened  sensitiveness  of  the  nervous  system,  a  sort  of  morbid  excitability, 
and  a  greater  susceptibility  to  the  action  of  external  agencies. 

On  the  Digestive  System.— The  appetite  largely  increases  with  exercise, 
especially  for  meat  and  fat,  but  in  a  less  degree,  it  would  appear,  for  the 
carbo-hydrates.  Digestion  is  more  perfect,  and  absorption  is  more  rapici. 
The  circulation  through  the  liver  increases,  and  the  abdominal  circulation  is 
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carried  on  with  more  vigour.  Food  must  be  increased,  especially  nitrogenous 
substances,  fats,  and  salts,  and  of  these  especially  the  phosjihates  and  the 
cldorides.  The  effects  of  exercise  on  digestion  are  greatly  increased  if  it  be 
taken  in  the  free  air,  and  it  is  then  a  most  valuable  remedy  for  some  forms 
of  dyspepsia.  Conversely,  deficient  exercise  lessens  both  appetite  and 
digestive  power. 

On  the  Generative  Organs. — It  has  been  supposed  that  puberty  is  delayed 
1  by  physical  exertion,  but  perhaps  the  other  circumstances  have  not  been 
allowed  full  weight.    Yet,  it  would  appear  that  very  strong  exercise  lessens 
sexual  desire,  possibly  because  nervous  energy  is  turned  in  a  sjjecial  direction. 

On  the  Kidneys. — The  water  of  the  urine  and  the  chloride  of  sodium 
often  lessen  in  consequence  of  the  increased  passage  from  the  skin.  The 
1  urea  is  not  much  changed,  but  the  uric  acid  and  also  apparently  the  pigment 
i  increase  after  great  exertion.    The  phosphoric  acid  is   not  augmented 
1  unless  the  exertion  is  excessive ;  while  the  sidphuric  acid  and  free  carbonic 
acid  are  commonly  increased  (North).    The  exact  amount  of  the  bases  has 
1  not  been  determined,  but  a  greater  excess  of  soda  and  potash  is  eliminated 
than  of  lime  or  magnesia :  nothing  certain  is  known  as  to  hippuric  acid, 
sugar,  or  other  substances.    In  the  careful  observations  made  by  Pavy  on 
Weston,  the  pedestrian,  it  was  found  that  all  the  constituents  of  the  urine 
were  increased,  except  the  chlorine  and  the  soda,  which  were  notably 
I  diminished,  especially  the  chlorine ;  the  magnesia  was  also  lessened,  but 
in  a  much  smaller  degree.    In  these  experiments,  however,  the  diet  was  not 
imiform,  and  the  exercise  was  excessive. 

On  the  Bowels. — The  general  effect  of  exercise  is  to  lessen  the  amount 
of  excreta  passed,  partly  probably  from  a  reduced  amount  of  water  entering 
the  intestines.  The  experiments  of  Parkes  and  North  indicate  that  the 
amount  of  nitrogen  voided  by  the  bowels  is  not  much  altered. 

On  the  Elimination  of  Nitrogen. — A  great  number  of  experiments  have 
been  made  on  the  amount  of  nitrogen  passing  off  by  the  kidneys  during 
exercise,  notably  by  Parkes,  Voit,  Pettenkofer,  Eanke,  Smith,  Haughton, 
and  others.  The  amount  of  urea  has  been  usually  determined,  and  the 
nitrogen  calculated  from  this.  The  observations  have  been  commonly  made 
by  determining  the  nitrogenous  excretion  in  twenty-four  hours  with  and 
without  exercise ;  but  in  some  the  period  during  which  work  was  actually 
performed  was  compared  with  previous  and  subsequent  equal  rest  periods. 
Some  experiments  were  performed  on  men  who  took  no  nitrogen  as  food  ; 
others  were  on  men  on  a  constant  diet,  so  that  the  variation  produced  by 
the  altering  ingress  of  nitrogen  was  avoided  as  far  as  possible. 

In  this  place  it  is  impossible  to  give  an  account  of  these  long  researches, 
and  therefore  only  a  short  summary  can  be  given.  (1)  When  a  period  of 
exercise  is  compared  after  an  interval  with  one  of  rest  (the  diet  being  with- 
out nitrogen  or  with  uniform  nitrogen),  the  ehmination  of  nitrogen  by  the 
kidneys  is  decidedly  not  increased  in  the  exercise  period.  The  experiments 
on  this  point  are  now  so  numerous  that  it  may  be  stated  without  doubt.  It 
18  possible  that  the  elimination  may  even  be  less  during  the  exercise  than 
during  the  rest  period. 

(2)  When  a  day  of  rest  is  compared  with  a  day  of  work  {i.e.,  a  day  with 
some  hours  of  work  and  some  hours  of  rest),  the  amount  of  nitrogen  is 
almost  or  quite  the  same  on  the  two  days ;  if  anything  there  is  a  slight 
increase  in  the  nitrogen  on  the  rest-day.  In  a  day  of  part  exercise  and  part 
rest.  It  IS  quite  possiUe  that  there  may  be  compensatory  action,  one  part 
baiancmg  the  other,_  so  as  to  leave  the  total  excretion  little  changed. 

(3)  When  a  period  of  great  exercise  is  immediately  followed  by  an  equal 
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period  of  rest,  the  nitrogenous  elimination  is  increased  in  the  latter, 
Meissner's  observations  show  that  this  is  in  part  owing  to  increased  discharge 
of  kreatin  and  kreatinin ;  Parkes'  observations  also  show  an  increase  of  non- 
ureal  nitrogen.    But  the  urea  is  also  slightly  increased  in  this  period. 

(4)  When  two  days  of  complete  rest  are  immediately  followed  by  days 
of  common  exercise,  the  nitrogenous  elimination  diminishes  during  the  first 
day  of  exercise  (Parkes). 

North's  experiments  in  the  main  confirm  the  observations  of  Parkes,  but 
he  shows  that  the  effects  of  heavy  labour  are  more  immediate  and  severe  than 
was  shown  by  those  observations.  North  found  that  deprivation,  or  an 
excessive  output  of  nitrogen,  was  followed  by  retention  and  absorption. 
There  is  also  a  tendency  to  the  storage  of  nitrogen  in  the  system  under  ordi- 
nary conditions,  which  shows  a  tendency  to  economy  in  the  body.  From  this 
we  might  deduce  the  value  of  a  good  diet  as  providing  a  reserve  against  a 
period  of  deprivation  or  excessive  work.  A  similar  tendency  to  the  storage 
of  nitrogen  was  shown  in  the  case  of  Weston,  Avhose  ingesta  or  egesta  were 
examined  by  Wynter-Blyth. 

On  the  whole,  if  the  facts  have  been  stated  correctly,  the  effect  of  exercise 
is  certainly  to  increase  the  elimination  of  nitrogen  by  the  kidneys,  but 
within  narrow  limits,  and  the  time  of  increase  is  in  the  period  of  rest 
succeeding  the  exercise ;  whereas  during  the  exercise  period  the  evidence, 
though  not  certain,  points  rather  to  a  lessening  of  the  elimination  of  nitrogen. 

It  would  appear  from  these  facts  that  Avell-fed  persons  taking  exercise 
would  require  a  little  more  nitrogen  in  the  food,  and  it  is  certain,  as  a 
matter  of  experience,  that  persons  undergoing  laborious  work  do  take  more 
nitrogenous  food.  This  is  the  case  also  with  animals.  The  possible  reason 
of  this  will  appear  preseirtly. 

On  the  Temperature  of  the  Body. — As  already  stated,  the  temperature 
of  the  body,  as  long  as  the  skin  acts,  rises  little.  ClifFord-Allbutt,  from 
observations  made  on  himself  when  climbing  the  Alps,  found  his  temperature 
fairly  uniform ;  the  most  usual  effect  was  a  slight  rise,  compensated  by  an 
earher  setting  in  of  the  evening  fall.  On  two  occasions  he  noticed  two 
curious  depressions,  amounting  to  no  less  than  4° '5  F. ;  he  believes  these 
were  due  to  want  of  food,  and  not  to  exercise  per  se.  In  experiments  on 
soldiers  when  marching,  Parkes  found  no  difference  in  temperature ;  or  if 
there  was  a  very  slight  rise,  it  was  subsequently  compensated  for  by  an 
equal  fall,  so  that  the  mean  daily  temperature  remained  the  same.  A 
decided  rise  in  temperature  during  marching  would  therefore  show  lessening 
of  skin  evaporation,  and  may  possibly  be  an  important  indication  of  impend- 
ing heatstroke. 

Changes  in  the  Muscles. — The  discussion  on  this  head  involves  so  many 
obscure  physiological  points,  that  it  would  be  out  of  place  to  pursue  it  here 
to  any  length.  The  chief  changes  during  action  appear  to  be  these  : — There 
is  a  considerable  increase  in  temperature,  which,  up  to  a  certain  point,  is 
proportioned  to  the  amount  of  work.  It  is  also  proportioned  to  the  kind, 
being  less  Avhen  the  muscle  is  allowed  to  shorten  than  if  prevented  from 
shortening  ;  the  neutral  or  alkaUne  reaction  of  the  tranquil  muscle  becomes 
acid  from  para-lactic  acid  and  acid  potassium  phosphate ;  the  venous  blood 
passing  from  the  muscles  becomes  much  darker  in  colour,  is  much  less  rich 
in  oxygen,  and  contains  much  more  carbonic  acid  ;  the  extractive  mattere 
soluble  in  water  lessen,  those  soluble  in  alcohol  increase;  the  amount  of 
water  increases,  and  the  blood  is  consequently  poorer  in  water ;  the  amount 
of  albumin  in  tetanus  is  less  according  to  Ranke,  but  Kiihne  has  pomted 
out  that  the  numbers  do  not  justify  tliis  inference.    Liebig  stated  that  the 
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kreatin  is  increased  (but  this  was  an  inference  from  old  observations  on  tha 
extradum  carnis  of  hunted  animals,  and  requires  confirmation).  Sarokin 
has  stated  the  same  fact  in  respect  of  the  frog.  The  electro-motor  currents 
show  a  decided  diminution  during  contraction. 

That  great  molecular  changes  go  on  in  the  contracting  muscles  is  certain, 
hut  their  exact  nature  is  not  clear;  according  to  Hermann,  there  is  a  jelly- 
like  separation  and  coagulation  of  the  myosin,  and  then  a  resumption  of  its 
prior  form,  so  that  there  is  a  continual  splitting  of  the  muscular  structure 
mto  a  myosin  coagulum,  carbon  dioxide,  and  a  free  acid,  and  this  constitutes 
the  main  molecular  movement.  But  no  direct  evidence  has  been  given  of 
this. 

The  increased  heat,  the  great  amount  of  carbon  dioxide,  and  the  disappear- 
ance of  oxygen,  combined  with  the  respiratory  phenomena  already  noted 
all  seem  to  show  that  an  active  oxidation  goes  on,  and  it  is  very  j^robable 
that  this  is  the  source  of  the  muscular  action.  The  oxidation  may  be  con- 
ceived to  take  place  in  two  ways  :  either  during  rest  oxygen  is  absorbed  and 
stored  up  in  the  muscles  and  gradually  acts  there,  producing  a  substance 
which,  Avhen  the  muscle  contracts,  splits  up  into  lactic  acid,  carbon  dioxide, 
&c. ;  or,  on  the  other  hand,  during  the  contraction  an  increased  absorption 
of  oxygen  goes  on  in  the  blood  and  acts  upon  the  muscles,  or  on  the  sub- 
stances in  the  blood  circulating  through  the  muscles.  The  first  view  is 
strengthened  by  some  of  Pettenkofer  and  Voit's  experiments,  which  show 
that  during  rest  a  certain  amount  of  storage  of  oxygen  goes  on,  which  no 
doubt  in  part  occurs  in  the  muscles  themselves.  Indeed,  it  has  been  inferred 
that  it  is  this  stored-up  oxygen,  and  not  that  breathed  in  at  the  time,  which 
IS  used  in  muscular  action.  The  increased  oxidation  gives  us  a  reason  why 
the  nitrogenous  food  must  be  increased  during  periods  of  great  exertion.  An 
increase  in  the  supply  of  oxygen  is  a  necessity  for  increased  muscular  action  : 
but  Pettenkofer  and  Voit's  observations  have  shown  that  the  absorption- of 
oxygen  is  dependent  on  the  amount  and  action  of  the  nitrogenous  structures 
of  the  body,  so  that,  as  a  matter  of  course,  if  more  oxygen  is  required  for 
mcreased  muscular  work,  more  nitrogenous  food  is  necessary.  But  apart 
from  this,  although  experiments  on  the  amount  of  nitrogenous  elimination 
show  no  very  great  change  on  the  whole,  there  is  no  doubt  that,  with 
constant  regular  exercise,  a  muscle  enlarges,  becomes  thicker,  heavier,  con- 
tains more  sohd  matter,  and  in  fact  has  gained  in  nitrogen.  This  process 
may  be  slow,  but  it  is  certain ;  and  the  nitrogen  must  either  be  supplied  bv 
increased  food,  or  be  taken  from  other  parts. 

Although  we  do  not  know  the  exact  changes  going  on  in  the  muscles,  it 
seems  certain  that  regular  exercise  does  produce  in  them  an  addition  of 
nitrogenous  tissue. 

Whether  this  addition  occurs,  as  usually  believed,  in  the  period  of  rest 
succeeding  action,  when  in  some  unexplained  way  the  destruction,  which 

ImFT't      I'''^  ^""^^^  P^^'^^'    ^o*^        repaired,  but  is  exceeded  (a  process 
omicult  to  understand),  or  whether  the  addition  of  nitrogen  is  actually  made 
during  the  action  of  the  muscle,  must  be  left  undecided  for  the  present. 
cirn,!lnL'"  .l^"""^^  "^'^^''^        ^^""^  ''^^^^^^^  in  the  muscle,  or  in  the  blood 
mu;c  ?n.  i     """"^      f^*^  ^'^"^  ^^^^^^  ^^'^  manifested,  as  heat  or 

uShnnc  .  ■  °^'i"V*^y/ircumstances,  the  non-nitrogenous  substances,  and 
^n^X>7'.T'^.l*^'  ^"^"'^^  '^hief  bodies  acted  upon.  But  it 
enemv     TV  "  "^^'og'^'^o^s  substances  also  furnish  a  contingent  of 

is  mfde  i.  l  "^^^^^t  mode  in  which  the  energy  thus  liberated  by  oxidation 
made  to  assume  the  form  of  mechanical  moticu  is  quite  obscurl 
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The  Exhaustion  of  Muscles. — There  seems  httle  doubt  but  that  this 

is  chiefly  owing  to  two  causes — first,  and  principally,  to  the  accumulation  in 
them  of  the  products  of  their  own  action ;  and,  secondly,  from  the  exhaus- 
tion of  the  supply  of  oxygen.  Hence  rest  is  necessary,  in  order  that  the 
blood  may  neutralise  and  carry  away  the  products  of  action,  so  that  the 
muscle  may  recover  its  neutrality  and  its  normal  electrical  currents,  and  may 
again  acquire  oxygen  in  sufficient  quantity  for  the  next  contraction.  In 
the  case  of  all  muscles  these  intervals  of  action  and  of  exhaustion  take  place, 
in  part  even  in  the  period  which  is  called  exercise,  but  the  rest  is  not  suffi- 
cient entirely  to  restore  it.  In  the  case  of  the  heart,  the  rest  between  the 
contractions  (about  two-thirds  of  the  time)  is  sufficient  to  allow  the  muscle 
to  recover  itself  perfectly. 

The  body  after  exertion  absorbs  and  retains  water  eagerly ;  the  water, 
though  taken  in  large  quantities,  does  not  pass  off  as  rapidly  as  usual  by  the 
kidneys  or  the  skin,  and  instead  of  causing  an  augmented  metamorphosis, 
as  it  does  in  a  state  of  rest,  it  produces  no  effect  whatever.  So  completely 
is  it  retained,  that  although  the  skin  has  ceased  to  perspire,  the  urine  does 
not  increase  in  quantity  for  several  hours.  The  quantity  of  water  taken  is 
sometimes  so  great  as  not  only  to  cover  the  loss  of  weight  caused  by  the 
exercise,  but  even  to  increase  the  weight  of  the  body. 

We  can  be  certain,  then,  of  the  absolute  necessity  of  water  during  and 
after  exercise,  and  the  old  rule  of  the  trainer,  who  lessened  the  quantity  of 
water  to  the  lowest  point  which  could  be  borne,  must  be  wrong.  In  fact, 
it  is  now  being  abandoned  by  the  best  trainers,  who  allow  a  liberal  allow- 
ance of  liquid.  The  error  probably  arose  in  this  way :  if,  during  great 
exertion,  water  is  denied,  at  the  end  of  the  time  an  enormous  quantity  is 
often  drunk,  more  in  fact  than  is  necessary,  in  order  to  still  the  overpower- 
ing thirst.  The  sweating  which  the  trainer  had  so  sedulously  encouraged 
is  thus  at  once  compensated,  and,  in  his  view,  all  has  to  be  done  over  again. 
All  this  seems  to  be  a  misapprehension  of  the  facts.  The  body  must  have 
water,  and  the  proper  plan  is  to  give  it  in  small  quantities  and  frequently ; 
not  to  deny  it  for  hours,  and  then  to  allow  it  to  pass  in  in  a  deluge. 
The  plan  of  giving  it  in  small  quantities  frequently  does  away  with  two 
dangers,  viz.,  the  rapid  passage  of  a  large  quantity  of  cold  water  into  the 
stomach  and  blood,  and  the  taking  of  more  than  is  necessary. 

General  Effect  of  Exercise  on  the  Body. — As  judged  by  the  preceding 
facts,  the  main  effect  of  exercise  is  to  increase  oxidation  of  carbon  and 
perhaps  also  of  hydrogen.  Exercise  also  eliminates  water  from  the  body, 
and  this  action  continues  for  some  considerable  time,  so  that  after  exercise 
the  body,  especially  the  blood,  is  poorer  in  water.  It  increases  the  rapidity 
of  circulation  everywhere,  as  Avell  as  the  pressure  on  the  vessels,  and  therefore 
it  causes  in  all  organs  a  more  rapid  outflow  of  plasma  and  absorption, — in 
other  words,  a  quicker  renewal.  In  this  way  also  it  removes  the  products 
of  their  action,  which  accumulate  in  organs,  and  restores  the  power  of  action 
to  the  various  parts  of  the  body.  It  increases  the  outflow  of  warmth  from 
the  body  by  increasing  perspiration.  It  therefore  strengthens  all  parts.  It 
must  be  combined  witli  increased  supply  both  of  nitrogen  and  carbon  (the 
latter  possibly  in  the  form  of  fat),  otherwise  the  absorption  of  oxygen,  the 
molecular  changes  in  the  nitrogenous  tissues,  and  the  elimination  of  carbon, 
will  be  checked.  There  must  be  also  an  increased  supply  of  salts,  certamly 
of  chloride  of  sodium;  probably  of  potassium  phosphate  and  cliloride. 
There  must  be  proper  intervals  of  rest,  or  the  store  of  oxygen,  and  of  the 
material  in  the  muscles  which  is  to  be  metamorphosed  during  contraction, 
cannot  take  place.    The  integrity  and  perfect  freedom  of  action  both  of 
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the  lungs  and  heart  are  essential,  otherwise  neither  absorption  of  oxygen  nor 
elimination  of  carbon  can  go  on,  nor  can  the  necessary  increased  supply  of 
blood  be  given  to  the  acting  muscles  without  injury. 

In  all  these  points,  the  inferences  deducible  from  the  physiological 
inquiries  seem  to  be  quite  in  harmony  with  the  teachings  of  experience. 


AMOUNT  OF  EXEKCISE  WHICH  SHOULD  BE  TAKEN. 

It  would  be  extremely  important  to  determine,  if  possible,  the  exact 
amount  of  exercise  which  a  healthy  adult,  man  or  woman,  should  take. 
Everyone  knows  that  great  errors  are  committed,  chiefly  on  the  side  of 
defective  exercise.  It  is  not,  however,  easy  to  fix  the  amount  even  for  an 
average  man,  much  less  to  give  any  rule  which  shall  apply  to  aU  the  divers 
-conditions  of  health  and  strength.  But  it  is  certain  that  muscular  work  is 
not  only  a  necessity  for  health  of  body,  but  for  mind  also ;  at  least  it  appears 

I  that  diminution  in  the  size  of  the  body  from  deficient  muscular  work  seems 

-  to  lead  in  two  or  three  generations  to  degenerate  mental  formation. 

The  external  work  which  can  be  done  by  a  man  daily  has  been  estimated 
at  -ith  of  the  work  of  the  horse ;  but  if  the  work  of  a  horse  is  considered  to 
be  equal  to  the  1-horse  power  of  a  steam  engine  (viz.,  33,000  pounds  raised 
1  foot  high  per  minute,  or  8839  tons  raised  1  foot  high  in  ten  hours),  this 

:  must  be  an  over-estimate,  as  |th  of  this  would  be  1263  tons  raised  1  foot  in 
a  day's  work  of  ten  hours.  As  already  stated  elsewhere,  a  usual  day's  work 
for  an  adult  ranges  from  300  to  450  foot-tons.  The  following  table,  by 
Haughton,  may  be  useful  as  expressing  the  amount  of  work  done,  under 

<:  certain  forms  of  labour. 


Labouring  Force  of  Man. 


Kind  of  Work. 


Indian  dhooli  bearer, 
Indian  hill  coolie, 
Pile  driving, 
Pile  driving, 
Turning  a  winch, 
Porters    carrying  goods 

unladen, 
Pedlars  always  loaded, 
Porters  carrying  wood 

returning  unloaded. 
Paviors  at  work, 
Military  prisoners  at  shot  drill 

and  oakum  picking,  and  drill 
Shot  drill  alone  (3  hours),  . 


Amount  of  Work. 


and 


up  a 


returning 
stair  and 
(3  honrs) 


600  tons  lifted  1  foot. 

500  „ 

312  .,  „ 

»74  „ 

325  „ 

303  „  „ 
381 

352  „  ., 

310  „ 

1607  „ 


Authority. 


deChaumont, 
)) 

Coulomb. 
Lamande. 
Coulomb. 


Haughton. 


The  hardest  day's  work  of  twelve  hours  noted  by  Parkes  was  in  the  case 
iot_  a  workman  m  a  copper  rolling-mill.    He  stated  that  he  occasionallv 
i»rai8ed  a  weight  of  90  pounds  to  a  height  of  18  inches  12,000  times  a  day 
vbupposmg  this  to  be  correct,  he  would  raise  723  tons  1  foot  high    But  this 
nanuch  exceeds  the  usual  amount.    The  same  man's  ordinary  day's  work 
!;    u    ^1^°'''''^^'^^'^  extremely  hard,  was  raising  a  weight  of  124  lb  16 
.mches  5000  or  6000  times  in  a  day.  Adopting  the  larger  number,  this  would 
Tvl  w^'w'^  equivalent  to  443  tons  lifted  a  foot;  and  this  ^as  a  hard 
«iay  8  work  for  a  powerful  man.    Some  of  the  puddlers  in  the  iron  country 

2  F 
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and  the  glass-blowers,  probably  work  harder  than  this;  but  there  are  no 
calculations  recorded.  From  the  statement  of  a  pedlar,  his  ordinary  day'& 
work  was  to  carry  28  lb  20  miles  daily.  The  weight  is  balanced  over  the 
shoulder, — 14  tt)  behind  and  14  K)  in  front.  Assuming  the  man  to  weigh. 
160  11),  the  work  is  equal  to  443  tons  lifted  1  foot.  It  would,  therefore, 
seem  certain  that  an  amount  of  work  equal  to  500  tons  lifted  a  foot  is  an 
extremely  hard  day's  work,  which  perhaps  few  men  could  continue  to  do. 
400  tons  Hfted  a  foot  is  a  hard  day's  work,  and  300  tons  lifted  a  foot  is  an 
average  day's  work  for  a  healthy,  strong  adult.  The  work  usually  calculated 
for  a  horse  in  the  army  is  3000  foot-tons,  and  }th  of  this  is  just  430,  nearly 
the  work  of  the  pedlar  above  mentioned. 

The  external  work  is  thus  300  to  500  tons  on  an  average ;  the  internal 
work  of  the  heart,  muscles  of  respiration,  digestion,  &c.,  has  been  variously 
estimated;  the  estimates  for  the  heart  alone  vary  from  122  to  277  tons 
lifted  a  foot.  The  former  is  that  given  by  Haughton,  who  estimates  the 
respiratory  movements  as  about  21  tons  lifted  a  foot  in  twenty-four  hours. 
Adopting  a  mean  number  of  260  tons  for  all  the  internal  mechanical  work, 
and  the  external  work  of  a  mechanic  being  300  to  500  tons,  this  will  amount 
to  from  -Ith  to  -^th  of  all  the  force  obtainable  from  the  food. 

The  exertion  which  the  infantry  soldier  is  called  upon  to  undergo  i& 
chiefly  drill,  and  carrying  weights  on  a  level  or  over  an  uneven  surface. 

By  his  philosophical  studies  and  writings  on  this  subject,  Haughton  has 
shown  that  walking  on  a  level  surface  at  the  rate  of  about  3  miles  an  hour 
is  about  equivalent  to  raising  J^th  part  of  the  weight  of  the  body  through 
the  distance  walked ;  an  easy  calculation  changes  this  into  the  weight  raised 
1  foot.  When  ascending  a  height,  a  man  of  course  raises  his  whole  weight 
through  the  height  ascended. 

The  formula  is  (W  +  W^xD         foot-tons  :  where  W  =  weight  of  the 
2240  •   J!  i 

person,  and  W  the  weight  carried,  both  in  pounds ;  D  the  distance,  m  feet;, 
and  C  the  coefficient  of  traction;  2240  is  the  number  of  pounds  m  a  ton: 
the  distance  walked  in  miles  must  be  multipHed  by  5280  to  brmg  it  to  feet. 
The  result  is  the  number  of  tons  raised  one  foot. 

Using  this  formula,  and  assuming  a  man  to  weigh  160  &  with  his  clothes, 
we  get  the  following  table  : — 


Kind  of  Exercise. 

Walking  1  mile, 
)>       2  ,, 
„     10  „ 
„  20 

1  J) 
,,  2  „ 
„  10  „ 
„     20  „ 


and  carrying  60  lb, 


Work  done  in  Tons 
lifted  one  foot. 
18-86 
37-72 
188-60 
377-20 
25-93 
51-86 
259-30 
518-60 


It  is  thus  seen  that  a  march  of  10  miles,  with  a  weight  of  60  H)  (^^l^ch 
is  nearlv  the  weight  a  soldier  carries  when  m  service  marching  order),  is- 
a  mSerate  da^^  work.  A  20  miles  march,  with  60  lb  weight,  is  a  very 
W  day'  work  As  a  continued  labouring  elfort  Haughton  beheves  hat 
walkinK  20  miles  a  day,  without  a  load  (Sunday  being  rest),  is  good  work 
r323  tons  lifTed  a  foot) ;  so  that  the  load  of  60  It,  additional  would  make- 

r^uri"  beTrntw  that  it  is  understood  that  the  walking 
is  on  Wground,  and  is  done  in  the  easiest  manner  to  tl-  P-^^^^^^^ 
that  the  weights  ^^hich  are  carried  are  properly  disposed.    The  laboui 
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greatly  increased  if  the  walk  is  irksome,  and  the  weights  are  not  well 
adjusted.  And  this  is  the  case  with  the  soldier.  In  marching,  his  attitude 
is  stiff;  he  observes  a  certain  time  and  distance  in  each  step;  he  has  none 
of  those  shorter  and  longer  steps,  and  slower  and  more  rapid  motion,  which 
assist  the  ordinary  pedestrian.  It  may  be  questioned,  indeed,  whether  the 
formula  does  not  under-estimate  the  amount  of  work  actually  done  by  a 
soldier.  The  work  becomes  heavier,  too,  i.e.,  more  exhausting,  if  it  is  done 
in  a  shorter  time ;  or,  in  other  words,  velocity  is  gained  at  the  expense  of 
carrying  power.  The  velocity,  in  fact,  i.e.,  the  rate  at  which  work  is  done, 
is  an  important  element  in  the  question,  in  consequence  of  the  strain  thrown 
on  the  heart  and  lungs. 

From  certain  calculations  made  by  Weber,  Haughton  determined  the 
coefficients  of  resistance  for  three  velocities  as  follows  :  


:,r-i  CoefiScient  of 

Miles  per  hour.  EesistannP 

1-818  .... 

4-353         .  .  .  .  " 

10-577        .  .  .  .  ' 


Resistance. 
1 


Interpolatmg  between  these  numbers  we  can  obtain  the  coefficients  at 
other  velocities.    The  foUowing  table  shows  the  coefficients,  the  distance 
1  in  miles  that  would  equal  300  foot-tons  for  a  man  of  160  fli,  and  the  time 
i  in  hours  and  minutes  that  would  be  required  without  rest  :— 

Velocity  in  MUes           Coefficient  of           Distance  for  Men  of  Time  required  in 

per  horn-.                  Resistance.                          .^.l"'"*^  Hours  and  Minutes. 

300  foot-tons.  H.  M  

^                      3^V?                          30*2  30  12 


2  -ff^Vr  21  -2 


3  _ 

4  ttVi  13-3 

5  „}- 

6 
7 

8 
9 
10 


10  36 


■a-ffVff  16*3  5  24 

T«Ts  13  "3  3  18 

TTTT  11  "2  2  36 

9-6  1  36 

Tir-7T  8'5  1  12 

TyTTj  7-6  0  57 

^■TT  6-9  0  46 

riir  6-3  0  38 


T  this  may  be  Stated  thus :  the  residual  resistance  equivalent  to  the  erect 
i"«ture  is  equal  to  or  0-01505  ;  for  every  mile  of  velocity  per  hour 

1 

89^'     0"0^117;  thus  for  three  miles  an  hour  we  have  0-01505  + 

(0-01117  X  3)  =  0-04856,  or^^^,  as  above.    The  coefficient  corresponds 
very  nearly  to  3-1  miles  an  hour,  and  this  appears  to  be  the  rate  at  which 
f  ie  greatest  amount  of  work  can  be  done  at  the  least  expenditure  of  ener^v 
As  regards  velocity,  Haughton  states  the  "Law  of  Fatigue"  as  follows-— 
il  fntJL "^r^I'.^i'  ^^'^P<=      ^^^st'-^nfc  action 

1  Refreshment"  depends  on  the  rate  at  wh  ch 

erial  blood  is  supplied  to  the  muscles,  and  the  "Coefficient  of  Refresh- 
nent    is  the  work  restored  to  the  muscles  in  foot-pounds  per  ounce  of 
uscle  per  second  ;  for  voluntary  muscle  it  is  on  an  average  0-1309  and 
:'rjhe  heart  0-2376,  or  exactly  equal  to  the  work  of  the  heart,  which  never 

ainSes^'rY^^rf  L^'^'^-'T''  ''^P^^'^      ^^^^^  a  mile  in  five 

mnutes,  or  18  56  foot-tons  in  five  minutes,  the  work  is  not  apparently  very 
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hard,  but  it  is  very  severe  for  the  time,  and  has  considerable  effect  on  the 
circulatory  system. 

Some  experiments  made  by  North,  upon  himself,  are  remarkable  as 
having  been  done  under  circumstances  of  great  precision.  His  weight  was 
132  lb,  and  he  carried  28  lb,  the  total  weight  being  160  1).  In  his  first 
experiment  he  Avalked  30  miles  at  4-28  per  hour;  work  done,  712  foot-tons. 
Second  experiment— 32  miles  at  4-57  per  hour ;  work  done,  728  foot-tons. 
Third  experiment — 33  miles  at  471  per  hour;  work  done,  843  foot-tons. 
Fourth  experiment — 47  miles  at  4-7  per  hour;  work  done,  1200  foot-tons. 

Looking  at  all  these  results,  and  considering  that  the  most  healthy  life 
is  that  of  a  man  engaged  in  manual  labour  in  the  free  air,  and  that  the  daily 
work  will  probably  average  from  250  to  350  tons  lifted  1  foot,  we  can, 
perhaps,  say,  as  an  approximation,  that  every  healthy  man  ought,  if  possible, 
to  take  a  daily  amount  of  exercise  in  some  way,  which  shall  not  be  less 
than  150  tons  lifted  1  foot.  This  amount  is  equivalent  to  a  walk  of  about 
9  miles ;  but  then,  as  there  is  much  exertion  taken  in  the  ordinary  business 
of  Hfe,  this  amount  may  be  in  many  cases  reduced.  It  is  not  possible  to  lay 
down  rules  to  meet  all  cases ;  but  probably  every  man  with  the  above  facts 
before  him  could  fix  the  amount  necessary  for  himself  with  tolerable 

accuracy.  j  t 

In  the  case  of  a  soldier,  if  he  were  allowed  to  march  easily,  and  it  the 
weights  were  not  oppressively  arranged,  he  ought  to  do  easily  12  miles 
daily  for  a  long  time,  provided  he  was  allowed  a  periodical  rest.  But  he 
could  not  for  many  days,  without  great  fatigue,  march  20  mUes  a  day  with 
a  60  a  load,  unless  he  were  in  good  condition  and  well  fed.  If  a  greater 
amount  stiU  is  demanded  from  him,  he  must  have  long  subsequent  rest. 
But  all  the  long  marches  by  our  own  or  other  armies  have  been  made  -n^th- 
out  weights,  except  arms  and  a  portion  of  ammunition.  Then  great 
distances  have  been  traversed  by  men  in  good  training  and_  condition 

V  Harley's  observations  indicate  that  the  periods  of  digestion,  as  weU  as 
the  kinds  of  food  taken,  have  a  marked  influence  on  voluntary  muscular 
energy,  and  that,  irrespective  of  the  influence  of  food,  there  is  a  periodical 
diurnal  rise  and  fall  of  power  for  the  performance  of  muscular  work.  He 
shows  that  more  work  can  be  done  after  than  before  mid-day ;  the  minimum 
being  about  9  a.m.,  and  the  maximum  about  3  p.m.    Sugar  taken  early  m 
the  evening  is  capable  of  obhterating  the  diurnal  fall  in  muscular  power  that 
occurs  at  this  time,  and  increases  the  resistance  to  fatigue.    Harley  states 
that  the  effect  of  sugar  is  so  great  that  the  amount  of  work  performed  on  a 
diet  of  sugar  alone  is  almost  equal  to  that  obtained  on  a  full  diet;  fatigue, 
however,  letting  in  sooner.    Moderate  smoking,  although  it  may  have  a 
sHght  influence  in  diminishing  the  power  of  doing  voluntary  muscular  work, 
neither  stops  the  morning  rise,  nor,  when  done  early  in  the  evening,  hindere 
the  evening  fall.    These  conclusions  are  very  mterestmg,  but  having  been 
made  exclusively  upon  a  small  group  of  muscles  of  the  forearm  under  very 
artificial  conditions,  it  is  doubtful  whether  they  can  be  accepted  entirely 

mlt^^known  as  "training"  is  a  systematic  effort  to  increase  breathing 
power:  to  make  the  muscular  action  moi.^  vigorous  ^nd  f tag,  and  W 
lessen  the  amount  of  fat.  This  is  obtamed  by  a  very  careful  diet,  containing 
little  or  no  alcohol;  by  regular  and  systematic  exercise ;  JjfJ^y^^^f  ^ 
the  action  of  the  eliminating  organs,  especially  of  the  '^^Jj^ 
trainer  thus  accomplishes  is  in  essence  the  following :  a  concordant  act  on 
s    ta^^^^^^^^  the  heart  and  blood-vessels,  so  that  the  s^^^^^^^  act^n 

of  the  heart,  during  exercise,  is  met  by  a  more  perfect  dilatation  of  tn 
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vessels,  and  there  is  no  blockage  of  the  flow  of  blood ;  in  the  lungs,  the 
blood  not  only  passes  more  freely,  but  the  amount  of  oxygen  is  increased  : 
tliis  gradual  improvement  in  breathing  power  is  well  seen  when  horses 
are  watched  during  training.  The  reciprocal  action  of  heart  and  blood- 
vessels is  the  most  important  point  in  training :  the  nutrition  of  nerves  and 
muscular  fibres  improves  from  the  constant  action  and  the  abundant  supply 
of  food ;  the  tissue  changes  are  more  active,  and  ehmination,  especially  of 
carbon,  increases.  A  higher  condition  of  health  ensues,  and,  if  not  carried 
to  excess,  "  training  "  is  simply  another  word  for  healthy  and  vigorous  living. 
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SOIL. 


Though  the  term  soil  may,  in  a  general  sense,  be  taken  to  express  all  the 
portion  of  the  earth's  crust  which  by  any  property  or  condition  can  affect 
health,  it  is  usual  and  convenient  to  divide  all  soils  into  an  upper  or  surface 
soil  and  a  deeper  or  subsoil  layer.  While  the  former  or  surface  soil  consists 
in  the  main  of  the  products  of  the  decay  of  large  quantities  of  both  animal 
and  vegetable  matter,  constituting  mould  or  "humus,"  the  latter,  strictly 
speaking,  results  entirely  from  the  breaking  up  of  the  underlying  primitive 
rocks,  under  the  influence  of  water,  gases  and  other  agencies,  and  constitutes 
thereby  an  intermediate  stage  between  the  subjacent  rock  formation  and  the 
upper  layers  of  true  soil  or  mould.  The  relative  thicknesses  of  these  two 
layers  constantly  varies,  for  while  the  surface  soil  may  be  measured  often 
only  in  inches  or  a  few  feet,  the  subsoil  may  extend  some  hundreds  of  feet 
in  depth.  The  expression  '  rock '  is  here  used  in  its  geological  sense,  as 
meaning  any  hard  or  soft  material  which  goes  to  form  the  solid  earth,  and 
includes  clays,  loose  sands,  and  gravels. 

Since  the  chief  origin  of  the  subsoil  layers  of  the  ground  is  from  the 
gradual  disintegration  of  rocks,  the  nature  and  composition  of  a  soil  in  any 
given  place  will  greatly  vary,  according  to  the  geological  history  of  the 
locality.  Hence,  from  the  nature  of  the  soil,  we  can  infer  what  is  the 
quality  of  the  rock  that  lies  beneath  it,  or  knowing  what  is  the  underljnng 
rock,  we  may  fairly  correctly  form  an  opinion  as  to  the  character  of  the 
overlying  soil.  Thus,  sandstones,  when  disintegrated  or  denuded,  will 
produce  sandy  soil,  and  a  clay,  a  clayey  soil,  or  if  the  two  kinds  of  rock  be 
together,  they  will  produce  a  loam  or  sandy  clay :  the  resulting  soHs  being 
also  more  or  less  mixed  with  the  remains  of  vegetable  and  animal  matter. 
Owing,  however,  to  the  action  of  rain  and  other  forces  constantly  movmg 
matters  to  a  greater  or  less  distance  from  their  source,  the  soils  of  various 
locahties  do  not  necessarily  and  strictly  correspond  to  the  rocks  beneath 
them,  but  may  result  in  such  instances  from  a  clay  soil  overlying  a  sandstone, 
or  a  highly  fertile  soil  being  found  to  rest  upon  a  substratum  of  rock  which, 
from  its  loiown  composition,  must,  on  disintegration,  obviously  produce  a 
poor  one.  Similarly,  the  continual  advance  of  sand  over  a  country,  under 
the  action  of  the  prevalent  wind,  has  utterly  ruined  many  fertile  tracts,  as, 
for  example,  the  sandy  region  known  as  the  "Landes"  along  the  shores  ot 
the  Bay  of  Biscay,  and  the  "  Dunes  "  of  Norfolk  and  North  Wales.  | 

THE  GEOLOGICAL  ORIGIN  OF  SOILS. 

Recognising  the  origin  of  all  soils  from  the  disintegration  of  rocks,  it  is 
of  primary  importance,  for  a  complete  comprehension  of  the  nature  of  soils, 
to  have  some  idea  as  to  the  composition  of  these  earlier  formations.  All 
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rocks  are  made  up  of  one  or  more  minerals.  Those  wliicli  contain  more 
tlian  one  mineral  are  merely  mechanical  mixtures  of  them  and  not  chemical 
compounds.  Minerals,  on  the  other  hand,  have,  as  a  rule,  a  more  or  less 
definite  chemical  composition,  which  can  be  expressed  by  a  formula :  they, 
however,  differ  very  greatly  in  composition.  Some  consist  of  only  one 
t'«lement,  others  of  two  :  in  the  latter  case,  one  element  is  often  a  metal,  as 
i  in  pyrites,  a  compound  of  iron  and  sulphur  :  or  fluor,  which  is  a  compound 
oof  calcium  and  fluorine.  The  elements  constituting  a  mineral  may,  how- 
eever,  be  both  non-metals,  as  in  the  case  of  silica,  which  consists  of  silicon 
;umd  oxygen.  The  greater  number  of  minei-als  consist  of  at  least  three 
^elements,  and  form  salts  of  a  very  complicated  nature.  This  is  particularly 
Lthe  case  with  those  salts  in  which  a  non-metallic  oxide  like  silica  has 
combined  with  two  or  more  metallic  bases.  Certain  elements  greatly  pre- 
pponderate  in  soils  :  those  most  frequently  met  with  are,  oxygen,  silicon, 
aaluminium,  calcium,  magnesium,  sodium,  and  potassium.  The  minerals 
nmay  be  classified  in  the  following  manner : — 

Elements. — Native  gold,  silver,  and  copper:  carbon  as  graphite  and 
ildiamonds :  sulphur. 

Sulphides  of  zinc  (blende),  lead   (galena),    copper   (copper  glance), 
nmercury  (cinnabar),  iron  (pyrites),  arsenic  (realgar  and  orpiment),  antimony 
.^stibuite),  and  mispickel,  which  is  a  combination  of  iron  with  arsenic. 
Chlorides  of  sodium  (rock  salt)  and  of  ammonium  (sal-ammoniac). 
Fluorides. — Fluor-spar  or  the  fluoride  of  calcium. 

Oxides. — Cuprite  or  the  oxide  of  copper :  spinel  or  a  compound  of 
nnagnesia,  aluminium,  and  oxygen :  magnetite  or  the  magnetic  oxide  of  iron, 
FFcgO^  •.  hsematite,  another  oxide  of  iron,  frequently  met  with  in  an  earthy 
condition  and  known  as  red  ochre  :  corundum,  a  sesquioxide  of  aluminium, 
iwhich  as  a  red  crystal  is  the  ruby,  when  blue,  the  sapphire,  and  in  other 
iiints  is  the  emerald,  topaz,  and  amethyst :  pyrolusite,  an  ore  of  manganese; 
leassiterite  or  the  common  tin  ore  of  Cornwall:  quartz,  or  crystallised 
"iilicon,  and  familiar  under  the  various  forms  of  flint,  Brazilian  pebbles, 
leaimgorm,  agate,  opal,  chalcedony,  and  jasper. 

Carbonates  of  iron  (chalybite),  calcium  (calcite  and  aragonite),  magnesium 
nmagnesite),  barium  (witherite),  zinc  (calamine),  strontium  (strontianite), 
copper  (malachite),  and  a  double  carbonate  of  calcium  and  magnesium 
Known  as  bitter  spar  or  dolomite. 

_  Sulphates  of  calcium,  existing  as  selenite,  gypsum,  alabaster  or  anhy- 
riiite,  and  of  barium  in  the  form  of  heavy  spar. 

_  Silicates. — These  are  of  a  complex  and  variable  constitution :  the  chief 
eing  hornblende,  felspar,  and  mica.  Hornblende  is  a  dark  green  silicate  of 
aalcium,  magnesium,  and  iron  together  often  with  aluminium.  It  enters 
largely  into  the  formation  of  rocks,  and  a  fibrous  form  is  in  daily  use  as 
abestos.  Closely  allied  to  hornblende  are  augite,  jade,  meerschaum,  and 
terpentine.  The  felspars  are  silicates  of  aluminium,  united  with  one  or 
more  metallic  oxides.  Next  to  quartz,  they  constitute  the  most  important 
Nock-forming  minerals.  The  micas  form  another  group  of  silicates  of  very 
i-aned  composition,  consisting  chiefly  of ,  aluminium,  potassium,  magnesiiim, 
md  iron,  with  a  little  fluorine  and  water.  Closely  aUied  to  them  are  other 
ulicates,  such  as  beryl,  leucite,  tourmaline,  chlorite,  and  glauconite. 

Other  salts  are  represented  by  borax  or  borate  of  sodium,  nitre  as  nitrate 
f  potassuim  and  apatite,  a  phosphate  of  calcium  with  fluorine  and  chlorine. 
Organic  mineral  matters  are  common  in  the  form  of  amber  and  coal. 
Of  the  foregoing  minerals,  practically  only  four  enter  largely  into  the 
ramation  of  rocks :  they  are  quartz,  felspar,  hornblende,  and  mica.  The 
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resulting  rock  formations  have  been  divided  by  geologists  into  three  principal 
kinds  according  to  their  mode  of  origin,  namely  the  igneous,  the  aqueous  or 
sedimentary,  and  the  metamorphic. 

Igneous  Rocks. — These  are  all  believed  to  have  been  derived  from  the 
original  molten  matter  of  the  once  fluid  earth  :  some  having  solidified  at  a 
considerable  depth,  while  others  have  been  forced  upwards  and  then  cooled 
and  solidified  at  or  near  the  surface.  These  rocks  contain  a  great  number 
and  variety  of  minerals :  these  latter  being  for  the  most  part  double 
silicates  of  great  complexity.  The  minerals  may  be  in  a  coarse  crystalline 
condition  as  in  granite,  or  indistinguishably  mixed  as  in  the  basalts,  or 
fused  into  a  glass  as  in  obsidian,  or  loose  and  open  as  in  pumice,  or  stratified 
as  in  volcanic  ash.  These  varieties  of  texture  are  mainly  to  be  explained 
by  the  different  conditions  under  which  the  rock  has  cooled.  All  the 
various  minerals  of  igneous  rocks  are  built  up  of  silica,  alumina,  lime,  oxide 
of -iron,  soda,  potash,  magnesia,  and  water.  They  exist  chiefly  as  quartz, 
felspar,  and  mica.  The  first  is  pure  silica ;  felspar  is  a  silicate  of  aluminium 
and  of  potassium,  sodium,  or  calcium.  Unlike  quartz,  which  is  most  durable, 
felspar  is  prone  to  break  down  under  the  influence  of  exposure  to  air  and 
rain  into  clay,  which  is  nothing  more  than  an  aluminous  silicate.  Mica, 
like  quartz,  is  not  very  liable  to  chemical  change,  but,  by  continued  friction, 
breaks  into  a  fine  scaly  sand  or  dust.  The  other  minerals  of  the  igneous 
rocks  are  mostly  silicates  of  calcium,  magnesium,  aluminium,  and  iron. 
Silica,  either  free  or  combined,  being  the  most  prominent  constituent  of  the 
igneous  rocks,  its  varying  percentage  is  often  made  use  of  to  classify  them : 
those  having  above  60  per  cent,  being  called  acidic,  and  those  having  less, 
basic. 

The  more  general  classification  of  the  igneous  rocks  is  into  the  Plutonic 
or  those  coarse  crystalline  rocks  which  have  cooled  slowly  far  beneath  the 
surface,  and  the  Volcanic  or  the  scoriaceous,  glassy  and  compact  rocks_  which 
have  been  cooled  at  or  near  the  surface.  These  can  further  be  subdi-sdded, 
if  necessary,  into  acidic  and  basic.  Of  the  plutonic  rocks,  the  chief  type  is 
granite,  which  forms  a  considerable  portion  of  the  earth's  surface.  The 
crystals  of  granite  lie  closely  packed  in  a  matrix  of  transparent  quartz. 
The  silica  of  the  quartz  and  that  existing  in  the  felspar,  mica,  and  other 
minerals  of  granite  constitutes  from  62  to  80  per  cent,  of  the  whole  weight, 
so  that  it  belongs  to  the  acidic  class.  If  hornblende  is  present  in_  addition 
to  the  ordinary  constituents  of  a  granite,  it  is  termed  syenitic  granite.  The 
basic  plutonic  rocks  are  chiefly  mixtures  of  felspars  with  hornblende,  augite^ 
or  mica ;  many  of  them  are  green  in  colour,  and  are  known  technically  as 
diabase,  gabbro,  aphanite,  and  diorite.  A  crystalline  mixture  of  hornblende 
and  felspar  is  called  syenite. 

Of  the  volcanic  rocks,  the  chief  are  basalt,  dolerite,  trachyte,  obsidian, 
pumice,  and  phonolite.  The  broken  material  emitted  from  volcanoes  is 
called  "  ash,"  and  Avhen  more  or  less  solidified  is  called  tufa.  The  half 
molten  rocky  material  from  volcanoes  is  the  lava.  This  lava  when  deus& 
and  columnar,  as  in  Staffa,  is  basalt;  if  coarser,  it  is  caUed  dolorite.  The 
term  trap  is  given  to  certain  dark  basaltic  lavas,  which  are  found  spread  out 
in  great  sheets  over  large  areas  in  the  Deccan  and  Sweden. 

Aqueous  Rocks.— These  are  composed  of  small  particles  which  are 
derived  from  the  wearing  away  of  other  rocks  and  of  matter  which  has  been 
deposited  from  solution  or  suspension  in  water,  or  from  organic  materials. 
They  are  often  called  sedimentary  rocks  from  their  mode  of  formation,  ana 
are  of  four  chief  kinds,  namely,  the  argillaceous,  the  arenaceous,  the  calcare- 
ous, and  the  organic. 
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Argillacems  rocks  are  the  result  of  the  sedimentary  deposit  of  mud  and 
claj',  and  consist  largely  of  impure  silicate  of  aluminium.  The  various 
claystone  formations,  such  as  the  Lias,  Oxford,  Kimmeridge,  Wealden,  and 
London  clays,  are  the  products  of  these  rocks  :  so  are  the  shales,  which  are 
merely  hardened  and  laminated  clays. 

Arenaceous  rocks  are  those  formed  of  sand  or  minute  rounded  grains  of 
quartz.  These  grains,  indifferently  held  together  by  clay,  silica,  iron  oxides, 
or  carbonate  of  lime,  constitute  the  argillaceous,  siliceous,  ferruginous,  and 
alcareous  sandstones  and  grits.  Conglomerates  are  rocks  of  this  class, 
formed  by  pebbles  or  shingle  cemented  together,  while  a  breccia  rock  is  one 
'  imposed  of  rough  and  angular  fragments  similarly  cemented.  Both  the 
irgiUaceous  and  arenaceous  rocks  are  essentially,  in  their  mode  of  origin, 
sedimentary. 

Calcareous  rocks  are  those  which  are  formed  of  the  material  which  has 
lieen  dissolved  in  water  and  deposited  therefrom  by  chemical  action.  Of 
this  class  are  the  various  limestones,  Avhich  have  been  deposited  from  solu- 
tion by  loss  of  carbonic  acid  on  exposure  to  the  air.  The  deposition  of 
carbonate  of  lime  from  aqueous  solutions  at  the  present  time  is  familiar  in 
the  so-called  petrifying  springs,  and  in  the  growth  of  stalactites.  Some 
limestones  are  formed  of  little  spherical  grains,  like  the  roe  of  a  fish  ;  these 
lie  called  oolite.  When  consisting  of  an  admixture  of  carbonate  of  lime 
iiid  carbonate  of  magnesia,  limestones  are  termed  dolomites.  Another  rock 
if  this  class  is  gypsum.  Flints  and  chert  are  other  instances  of  chemical 
action,  by  which  the  silica  scattered  through  the  chalk  has  been  dissolved 
l)y  percolating  water,  and  then  deposited  as  we  now  find  it.  By  a  some- 
what similar  process,  large  nodules  of  carbonate  of  lime,  called  Kunkur,  are 
formed  in  beds  of  clay  in  parts  of  India.  They  contain  some  clay,  and 
when  ground  up  make  a  kind  of  cement. 

Organic  rocks  are  those  aqueous  rocks  which  consist  mainly  of  limestones 
derived  from  the  shells  or  other  hard  parts  of  marine  organisms,  and  of 
carbonaceous  beds  formed  of  plants.  Among  the  limestones  of  organic 
origin  are  the  coralline  and  crinoidal  limestones,  consisting  largely  of  the 
remains  of  corals,  molluscs,  and  crinoids.  In  the  same  way  originated  the 
shell  marls  and  shell  sands,  while  chalk  itself,  being  of  marine  origin,  is 
composed  mostly  of  the  remains  of  Foraminifera.  Of  the  organic  rocks 
derived  from  plants,  coal,  peat,  lignite,  jet,  plumbago,  anthracite,  and  bitu- 
men are  conspicuous  examples. 

Metamorphic  Rocks.— Any  mass  of  rock  which  has  been  altered  when 
m  situ,  as  distinguished  from  that  which  has  been  worn  away,  broken  up 
and  deposited  elsewhere,  as  a  sedimentary  rock,  is  said  to  be  metamorphic. 
Of  these  metamorphic  rocks,  there  may  be  said  to  be  two  groups  :  one,  con- 
taining those  rocks  which  have  not  been  so  altered  as  to  prevent  the  recog- 
nition of  their  original  condition,  and  the  other,  including  those  whose 
primitive  state  is  quite  obliterated  by  chemical  and  other  changes.  The  first 
group  embraces  the  slates,  mica  and  marl  slates,  marble  and  quartzites  ;  in 
which  the  original  clay,  limestone,  and  sandstone  formation  are  respectivelr 
still  discernible. 

The  second  group  comprises  the  true  metamorphosed  rocks.  They  are 
characteristic  of  Wales  and  the  Highlands  of  Scotland,  and  are  suggestive  of 
the  influence  of  subterranean  heat,  combined  with  great  pressure  and  the 
I'resence  of  water,  whereby  they  have  become  foliated  or  schistose.  The 
most  abundant  rock  of  this  class  is  gneiss,  which  is  really  a  granite  altered 
>y  pressure.  The  other  schistose  rocks  are  the  various  schists,  such  as 
mica-schist,  hornblende-schist,  talc-schist  and  others  produced  from  sandy 
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and  clay  deposits,  the  relative  amount  of  either  substance  determining  the 
character  of  the  schist. 

Formation  of  Soils. — From  the  foregoing  geological  survey  it  is  clear 
that  the  igneous  and  metamorphic  rocks  are  almost  entirely  silicates,  while 
the  softer  aqueous  or  sedimentary  rocks  consist  mainly  of  silicates,  car- 
bonates, and  oxides.  Changes  of  temperature,  largely  aided  by  frost,  have 
cracked  and  broken  up  these  various  rocks  mechanically.  By  the  influence 
of  rain  and  air,  carbonic  acid  and  oxygen  have  entered  the  interstices  of  the 
rocks  and  acted  chemically  upon  their  constituents.  The  carbonic  acid, 
dissolved  in  vrater,  has  assisted  in  the  disintegration  of  granites  and  basalts, 
by  converting  their  contained  felspar  into  a  soluble  carbonate,  which,  being 
readily  carried  off,  has  left  a  residue  of  clay  behind  :  so  that  what  was 
originally  a  hard  granite  rock  has  become  a  disintegrated  mass  of  clayey 
gravel,  representing  the  natural  soil  of  a  granite  district.  Basalt  suffers  in 
the  same  way,  breaking  up  into  a  gritty  clay  containing  nodular  masses  of 
greyish  coloured  stone,  as  noticeable  on  the  moors  of  north  Yorksliire. 
Upon  the  limestones,  the  carbonated  waters  have  acted  in  a  similar  manner, 
slowly  dissolving  aAvay  the  carbonate  of  lime  and  leaving  undissolved  the 
clay  and  flints.  This  clay  with  flints  constitutes  the  natural  soil  of  the 
chalk  districts,  while  the  clay  without  the  flints  is  familiar  in  the  limestone 
regions.  Both  by  means  of  water  and  air,  oxygen  acts  upon  the  various 
substances  in  the  rocks,  converting  the  carbonates  and  silicates  of  iron  into 
oxides,  and  contributing  not  a  little  to  the  varying  colours  of  different  soils. 
In  these  and  other  ways  the  external  surfaces  of  rocks  become  "  weathered." 

Generally  speaking,  the  acid  igneous  rocks  decompose  into  clay,  silica, 
and  alkaline  carbonates,  thus  Aveathering  into  clayey  soils  which  contains 
particles  of  quartz,  felspar,  and  mica,  as  evidenced  by  the  loams  so  com- 
monly found  over  granites  and  schistose  rocks.  The  basic  rocks  resolve 
largely  into  clay  and  carbonates  of  calcium,  magnesium,  and  iron,  yielding 
marls  or  coloured  clays. 

The  formation  of  surface  soils,  from  the  weathering  and  decomposition 
of  rocks,  is  by  no  means  a  purely  chemical  process  caused  by  the.  direct 
action  of  rain  and  air,  but  is  also  in  large  part  aided  by  the  presence  and 
action  of  both  animal  and  vegetable  life.  From  both  animals  and  plants 
there  is  furnished,  to  the  soil,  matter,  which  not  only  adds  to  its  bulk,  but 
enriches  it  and  renders  it  still  more  suitable  for  plant  life.  This  is  continu- 
ally being  removed  by  rain,  which  either  runs  off  or  through  it  and,  as 
continually,  is  replenished  by  the  breaking  up  of  the  rocks  below  and  the 
decaying  vegetable  matter  above.  The  upper  layers,  in  which  organic 
matter  predominates,  are  carried  down  by  rain,  and  the  loAver  and  more 
mineral  portions  are  brought  to  the  surface  by  burrowing  insects,  Avorms, 
moles,  and  rabbits.  In  this  manner  the  organic  and  inorganic  matters  of  the 
earth  are  constantly  being  intermingled  and  renewed,  and  the  soil  both 
increased  and  improved.  To  these  agencies  must  be  added  the  constant 
action  of  wind  and  rain  in  moving  soil  from  one  part  to  another  and  the 
substitution  of  new  surface  soil  by  the  upraising  of  a  certain  amount  of 
material  from  deeper  strata. 

Being  composed  partly  of  inorganic  matter  derived  from  the  subsoil  by 
the  process  of  Aveathering,  and  partly  of  the  products  of  decomposition  of 
animal  and  vegetable  matter,  most  soils  contain  in  abundance  the  com- 
pounds which  plants  require,  such  as  nitrogen,  lime,  potash,  soda,  magnesia, 
sUica,  and  phosphoric  acid ;  but  these  substances  are  in  an  insoluble  condi- 
tion and  only  rendered  assimilable  by  plants,  after  a  sIoav  conversion  nito 
soluble  compounds  by  the  agency  of  various  forms  of  bacteria.    This  pro- 
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ess,  combined  with  the  decomposition  of  vegetable  remains,  results  in  the 
n-mation  of  the  so-cuUed  "  humus."    Very  little  is  known  with  regard 
the  exact  composition  of  humus.    Some  attempts  have  been  made  to 

t'parate  it  into  constituent  parts,  and  certain  acids  have  been  found,  some 
f  which,  such  as  Crenic  acid,  CjoH^gOs'  soluble  in  both  water  and 
ivalies :  others,  such  as  Himiic  acid,  CgiHj^Ojg.SHgO,  being  insoluble  in 

i  ater  but  soluble  in  alkalies  :  whilst  others  again,  such  as  Ulmic  acid, 

'  jgHogOjo-HoO,  are  insoluble  in  both  water  and  alkaHes. 

The  colour  of  humus  is  said  to  depend  upon  the  nature  of  the  acid 
esent,  ulmic  acid  giving  a  brown,  and  humic  acid  a  black  mould. 

SOIL  FEATURES  WHICH  IJ^FLUENCE  CLIMATE  AND 

HEALTH. 

There  are  certain  general  features  of  soil  which  materially  influence 
lotli  climate  and  health ;  they  are,  its  Conformation  and  Elevation,  the 
niount  of  Vegetation  present  upon  it,  its  contained  Air  and  Water,  its 
raperature  and  power  for  absorbing  or  retaining  Heat,  and  lastly,  the 
ture  and  number  of  its  contained  Micro-organisms. 
Conformation  and  Elevation.— The  relative  amounts  of  hiU  and  plain  ; 
he  elevation  of  the  hills ;  their  direction ;  the  angle  of  slope ;  the  kind, 
ize,  and  depth  of  valleys  ;  the  chief  watersheds,  and  the  direction  and  dis- 
liarge  of  the  water-courses;  the  amount  of  fall  of  plains,  are  the  chief 
I'ints  to  be  considered. 

Among  the  hills  the  unhealthy  spots  are  enclosed  valleys,  punch-bowls 
nd  any  spot  where  the  air  must  stagnate,  such  as  ravines  or  places  at  the 
ead  or  entrance  of  ravines. 

In  the  tropics  especially  ravines  and  nullahs  are  to  he  avoided,  as  they 
le  often  filled  with  decaying  vegetation,  and  currents  of  air  frequently 
■averse  them.  During  the  heat  of  the  day  the  current  of  air  is  up  the 
ivine,  at  night  down  it.  As  the  hills  cool  more  rapidly  than  the  surround- 
ig  plains,  the  latter  current  is  especially  dangerous,  as  the  air  is  at  once 
npure  and  cold.  The  worst  ravine  is  a  long  narrow  vaUey,  contracted  at 
s  outlet,  so  as  to  dam  up  the  water  behind  it.  A  saddleback  is  usually 
ealthy,  if  not  too  much  exposed ;  so  are  positions  near  the  top  of  a  slope, 
ne  of  the  most  difficult  points  to  determine  in  hilly  regions  is  the  probable 
irection  of  winds  ;  they  are  often  deflected  from  their  course,  or  the  rapid 
'ohng  of  the  hills  at  night  produces  alteration. 

On  plains  the  most  dangerous  points  are  generally  at  the  foot  of  hills, 
I'ecially  in  the  tropics,  where  the  water,  stored  up  in  the  hills  and  flow- 
to  the  plain,  causes  an  exuberant  vegetation  at  the  border  of  the  hills. 
A  plam  at  the  foot  of  hills  may  be  healthy,  if  a  deep  ravine  cuts  off 
'lupletely  the  drainage  of  the  hill  behind  it. 
The  next  most  dangerous  spots  are  depressions  below  the  level  of  the 
ni,  and  into  which  therefore  there  is  drainage.    Even  gravelly  soils  may 
lamp  from  this  cause,  the  water  rising  rapidly  through  the  loose  soil 
'  in  the  pressure  of  higher  levels. 

Elevation  acts  chiefly  by  its  effect  in  lessening  the  pressure  of  the  air, 
"   ?  the  rapidity  of  evaporation.    It  has  a  powerful  effect  on 

aisnes,  high  elevations  lessening  the  amount  of  malaria,  partly  from  the 
pKi  evaporation,  partly  from  the  greater  production  of  cold  at  night.  Yet 
aiariou.s  marshes  may  occur  at  great  elevations,  even  6000  feet.. 

egetation  — The  effect  of  vegetation  on  ground  is  very  important.  In 
Climates  the  suns  rays  are  obstructed,  and  evaporation  from  the  ground 
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is  slow  ;  the  ground  is  therefore  cold  and  moist,  and  the  removal  of  wood 
renders  the  climate  milder  and  drier.  The  extent  to  which  trees  impede 
the  passage  of  water  through  the  soil  is  considerable. 

In  hot  countries  vegetation  shades  the  ground  and  makes  it  cooler.  The 
evaporation  from  the  surface  is  lessened;   hut  the  evaporation  from  the 
vegetation  is  so  great  as  to  produce  a  perceptible  lowering  effect  on  the 
temperature  of  a  place.    Pettenkofer  calculated  that  from  an  oak  tree 
the  evaporation  equalled  212  inches,  while  the  rainfall  was  only  25-6  inches  ;  = 
this  shows  how  much  water  was  abstracted  from  the  soil,  and  how  the  air 
must  have  been  moistened  and  cooled.    Observations  in  Algeria  have  shown  ■ 
that  Eucalyptus  globulus  absorbs  and  evaporates  eleven  times  the  rainfall ; . 
extremely  malarious  places  being  rendered  healthy  in  this  way  in  four  or 
five  years. 

The  hottest  and  driest  places  in  the  tropics  are  those  divested  of  trees.  , 
Vegetation  produces  also  a  great  effect  on  the  movement  of  air.  Its! 
velocity  is  checked  ;  and  sometimes  in  thick  clusters  of  trees  or  underwood ' 
the  air  is  almost  stagnant.  If  moist  and  decaying  vegetation  be  a  coincident  ;i 
condition  of  such  stagnation,  the  most  fatal  forms  of  malarious  disease  are ; 
produced.  It  may  thus  do  harm  by  obstructing  the  movement  of  air ;  on 
the  other  hand,  it  may  guard  from  the  currents  of  impure  air.  The  pro- 
tective influence  of  a  belt  of  trees  against  malaria  is  most  striking. 

In  a  hygienic  point  of  view,  vegetation  must  be  divided  into  herbage, 
brushwood,  and  trees ;  and  these  should  be  severally  commented  on  in 
reports. 

Herbage  is  always  healthy.  In  the  trojDics  it  cools  the  ground,  both  by 
obstructing  the  sun's  rays  and  by  aiding  evaporation ;  and  nothing  is  more 
desirable  than  to  cover,  if  it  be  possible,  the  hot  sandy  plains  of  the  tropics 
with  close-cut  grass. 

Brushwood  is  frequently  bad,  and  should  often  be  removed.  There  is, 
however,  evidence  that  the  removal  of  brushwood  from  a  marsh  has 
increased  the  evolution  of  malaria,  and  that,  like  trees,  brushwood  may 
sometimes  offer  obstruction  to  the  passage  of  malaria.  It  must,  also  be 
remembered  that  its  removal  will  sometimes,  on  account  of  the  disturbance 
of  the  ground,  increase  malarious  disease  for  the  time  ;  and  therefore,  in  the 
case  of  a  temporary  camp  in  a  hot  malarious  country,  it  is  often  desirable 
to  avoid  disturbing  it.  AVhen  removed,  the  work  should  be  carried  on  in 
the  heat  of  the  day,  i.e.,  not  in  the  early  morning  or  in  the  evening. 

W.  North  instances  the  case  of  Cisterna,  where  the  removal  of  macclda 
(i.e.,  brushwood,  &c.),  though  long  objected  to  on  account  of  supposed 
protection  from  malarial  currents,  was  the  means  of  improving  the 
healthiness  of  the  district. 

Trees  should  be  removed  with  judgment.  In  cold  countries  they  shelter 
from  cold  winds ;  in  hot  they  cool  the  ground ;  in  both  they  may  protect 
from  malarious  currents.  A  decided  and  pernicious  interference  with  the 
movement  of  air  should  be  almost  the  only  reason  for  removing  them.  In 
some  of  the  hottest  countries  of  the  world,  as  in  Southern  Burmah,  the 
inhabitants  place  their  houses  under  the  trees  with  the  best  effects ;  and  it 
was  a  rule  with  the  Eomans  to  encamp  their  men  under  trees  in  aU 
hot  countries. 

The  kind  of  vegetation,  except  as  being  indicative  of  a  damp  or  dry  soil, 
does  not  appear  to  be  of  importance. 

Ground  Air. — The  hardest  rocks  alone  are  perfectly  free  from  air ;  the 
greater  number  even  of  dense  rocks,  and  all  the  softer  rocks,  and  the  loose 
soils  covering  them,  contain  air.    The  amount  is  in  loose  sands  often  40  or 
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,0  per  cent. ;  in  soft  sandstones,  20  to  40  per  cent.    The  loose  soil  turned 
in  agricultural  operations  may  contain  as  much  as  2  to  10  times  its  own 

ilume  of  air.  ■       ^  j 

TJie  nature  of  the  air  in  soils  has  been  examined  by  a  good  many 

I'^ervers;  it  is  mostly  very  rich  in  carbon  dioxide,  is  very  moist,  and 

obably  contains  effluvia  and  organic  substances,  derived  from  the  animal 

■  vegetable  constituents,  which  have  not  yet  been  properly  examined. 

iccasionally  it  contains  carburetted  hydrogen,  and  in  moist  soils,  when  the 
,^-ater  contains  sulphates,  a  httle  hydrogen  sulphide  may  be  found.    It  has 

en  examined  by  Nichols  in  America,  Fleck  in  Dresden,  Fodor  in  Buda- 
i  esth,  Lewis  and  Cunningham  in  Calcutta,  and  many  others. 

Pettenkofer  was  one  of  the  first  to  point  out  the  excess  of  carbon  dioxide 
111  o-round  air,  as  compared  with  that  in  atmospheric  air.  According  to  him, 
the^'amount  increased  with  the  depth  from  which  the  air  was  drawn,  and  was 
moreover  much  influenced  by  the  season  of  the  year,  the  greatest  quantity, 
at  a  given  depth,  being  obtained  in  July,  and  the  least  in  January.  This 
vas  at  Munich.    Fodor,  at  Buda-Pesth,  and  Fleck,  at  Dresden,  obtained  very 

milar  results,  their  figures  being  : — 

At  a  depth  of  1  metre,  0-9  to  1-0  vol.  of  CO2  per  cent. 

2     ,,     2*9  ,,   3'0       ,,       ,,  ,, 
„     4      „     3-0  „  5-4 
„    6     „     7-9  10-0 

Both  Pettenkofer  and  Fleck  were  of  opinion  that  this  carbon  dioxide  was 
due  to  the  decomposition  of  organic  substances,  and  that  it  might  afford  an 
approximate  index  of  the  degree  of  soil  pollution.  Fodor  has,  however, 
shown  that  a  very  foul  soil,  if  at  the  same  time  permeable,  contains  less 
carbon  dioxide  than  a  cleaner  but  less  permeable  soil :  and  suggests  that 
although  the  carbon  dioxide  is  probably  produced  by  the  decomposition 
uf  organic  matters,  it  does  not  afford  so  much  a  means  of  estimating  the 
degree  of  pollution,  as  of  the  permeability  of  the  soil. 

Lewis  and  Cunningham,  in  their  observations  at  Calcutta,  found  results 
>omewhat  similar  to  those  of  Fodor,  the  carbon  dioxide  being  greatest  in 
the  lower  strata  examined.  They  considered  that  the  fluctuation  in  the 
amount  of  carbon  dioxide  must  be  due  to  one  or  other  of  two  causes : 
(1)  variation  in  amount  produced;  (2)  variation  in  amount  accumulated, 
which  would  depend  on  the  amount  of  soil-ventilation ;  and  that  this  latter 
cause  was  the  most  operative  in  Calcutta.  The  carbon  dioxide  increased 
with  the  rainfall,  the  effect  of  the  rain  being  to  close  the  pores  in  the  upper 
layers  of  the  soil  and  so  retain  the  carbon  dioxide.  Soil  temperature  they 
<lid  not  consider  to  have  any  effect.  The  composition  of  soil  air  differs 
at  different  times  and  seasons,  the  absolute  and  relative  amounts  of  the 
'Constituents  varying  under  varying  conditions. 

Just  as  the  carbon  dioxide  increases  so  does  the  amount  of  oxygen 
•lecrease  with  the  depth  from  which  the  soil  air  is  withdrawn.  Some 
figures  given  by  Fodor  gave  from  18  to  21  per  cent,  of  oxygen  at  a  depth 
oi  1  metre,  and  18  per  cent,  at  4  metres.  In  some  freshly  manured  moist 
■soil,  Boussingault  found  the  percentage  of  carbon  dioxide  to  be  as  much  as 
9  "5,  and  that  of  oxygen  only  10.  From  this  it  would  seem  that,  on  air 
passing  into  soil,  its  oxygen  enters  into  chemical  combination  with  carbon 
derived  from  animal  and  vegetable  matter,  and  thus  becomes  replaced  by 
an  equal  volume  of  carbon  dioxide.  However,  this  is  not  always  the  case, 
as  occasionally  the  percentage  amounts  of  Oj  and  COg  together  in  soil 
air  are  such  as  to  suggest  the  possible  union  of  some  of  the  oxygen  with 
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hydrogen  to  form  water,  and  with  nitrogen  to  form  nitrates :  while  the 
carbon  dioxide  which  is  formed  may  dissolve  in  the  water  in  the  soil,  or 
unite  Avith  ammonia  and  the  earthy  salts  to  form  bicarbonates.  On  tliis 
point,  some  experiments  have  been  made  by  us,  which  show  that  if  air 
be  driven  through  a  cylinder,  packed  with  ordinary  moist  earth,  less  carbon 
dioxide  will  be  recovered  from  it,  after  passing  through  the  soil,  than  was 
originally  present  in  it.  "When  dry  sand  was  used,  the  air  passed  through 
it  unaltered.  Other  observations  made  by  Eciller  show  that  many  of  the 
differences  between  the  atmosphere  and  ground  air  may  be  due  to  different 
soils  having  varying/ absorptive  powers  for  different  gases.  Thus  a  rich 
loam  absorbed  much  more  nitrogen  than  oxygen,  and  no  soil  appeared  to. 
absorb  either  of  these  gases  in  exactly  the  same  relative  proportions  in  whicli 
they  were  mixed  in  the  atmosphere. 

Some  observers  have  noted  that,  occasionally,  the  carbon  dioxide  in  the 
ground  air  is  greater  in  amount  than  corresponds  to  the  oxygen  absorbed 
from  the  atmosphere.  Schlosing  has  explained  this  as  being  due  to  the  vital 
action  of  putrefactive  organisms  :  for  if  air,  containing  different  amounts  of 
oxygen,  be  drawn  through  earth  containing  putrefactive  organisms,  not  only 
was  the  carbon  dioxide  largely  increased,  but  oxygen  was  diminished  along 
with  a  reduction  of  the  nitrates,  present  in  the  soil,  into  nitrites  and  even 
ammonia.  In  this  case  the  orgauisins  had  evidently  used  not  only  the 
atmospheric  oxygen,  but  also  abstracted  some  from  the  organic  matters  an " 
nitrogen  salts  in  the  soil.  This  sequence  of  events  further  explains  wli 
increased  amounts  of  carbon  dioxide  are  found  in  the  deeper  earth  layers, 
particularly  after  or  during  periods  of  warmth  and  moderate  moisture,  that 
is,  at  a  time  when  organisms  concerned  in  decomposition  processes  would  b 
in  a  state  of  greatest  activity. 

The  marked  effect  of  rainfall  and  heat  upon  the  amount  of  carbon  dioxide 
in  the  soil  has  been  emphasised  by  Lewis  and  Cunningham  and  ourselves,  the 
increase  of  rainfall  and  warmth  being  quickly  attended  by  an  increase  of 
carbon  dioxide,  while  in  dry  cold  weather  the  quantity  of  carbon  dioxide 
is  reduced.  Such  an  increase  after  rain  and  heat  is  probably  due  to  a 
blocking  up  of  the  pores  of  the  superficial  soil  layers,  synchronous  with  an 
increased  production  whereby  an  accumulation  of  carbon  dioxide  takes  place 
in  the  deeper  portions.  The  presence  of  much  moisture  in  a  soil  is  iuA^ariably 
coincident  with  a  fall  in  the  amount  of  carbon  dioxide  in  the  soil  air  owing 
to  absorption  by  the  wateir.  Some  daily  variations  of  carbon  dioxide  in 
the  ground  air  have  been  noticed,  but  apjjear  to  depend  less  upon  ^jrocesses- 
of  soil  activity  than  on  rain,  wind,  and  changes  of  atmospheric  pressure. 
These  two  latter  do  not  appear  to  exert  any  very  great  influence,  and  are 
evidently  secondary  to  rainfall  as  factors  in  the  greater  or  less  existence  of 
carbon  dioxide  in  soil  air. 

The  nitrogen  present  in  the  ground  air  is  almost  constant,  being  the  same 
as  that  in  the  atmosphere,  namely,  about  79  per  cent.  Besides  oxygen, 
nitrogen,  and  carbon  dioxide,  the  ground  air  contains  about  85  per  cent,  of 
humidity,  together  Avith  various  products  of  fermentation  and  decomposition, 
such  as  ammonia,  ammonium  sulphide,  hydrogen  suljihide,  and  marsh  gas : 
these  latter,  however,  rarely  existing  in  large  amounts.  Owing  to  the 
constant  reduction,  in  the  soil,  of  the  various  oxidised  states  of  nitrogenous 
organic  substances  into  ammonia,  under  the  influence  of  bacteria,  this  gas, 
although  present  in  the  ground  air,  cannot  be  taken  as  an  index  of  either 
pollution  or  putrefactive  changes.  Provided  the  air  be  taken  from  soils 
which  have  practically  the  same  degree  of  permeability,  the  relative  amounts 
of  COg  found  in  it  will  fui-nish  the  best  evidence  as  to  their  relative 
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:  mpurity  :  but  if  the  permeability  of  soils  vary,  the  amount  of  carbon  dioxide 
n  tlie  soil  air  is  not  a  reliable  index  of  either  purity  or  impurity. 

Subterranean  atmosphere  thus  existing  in  many  loose  soils  and  rocks 
-s  in  continual  movement,  especially  when  the  soils  are  dry;  the  chief 
auses  of  movement  are  the  diurnal  changes  of  heat  in  the  soil,  and  the 
all  of  rain,  which  must  rapidly  displace  the  air  from  the  superficial  layers, 
■ind,  at  a  later  date,  by  raising  the  level  of  the  ground  water,  Avill  slowly 
■ihrow  out  large  quantities  of  air  from  the  soil.  Fodor  considers  the 
riemperature  of  the  air,  the  ground  temperature,  the  action  of  the  winds, 
-i-ainfall,  barometric  pressure,  and  level  of  ground  water  to  be  all  influential 
:in  causing  movement  of  the  ground  air,  and  consequent  relative  change  in 
,;its  constituents. 

Local  conditions  must  also  influence  the  movement ;  a  house  artiflcially 
(\warmed  must  be  continually  fed  with  air  from  the  ground  below,  and  doubt- 
iless  this  air  may  be  drawn  from  great  depths.  Coal  gas  escaping  from 
ppipes,  and  prevented  from  exiiding  by  frozen  earth  on  the  surface,  has 
'been  known  to  pass  sideways  for  some  distance  into  houses.  The  air  of 
cesspools  and  of  porous  or  broken  drains  will  thus  pass  into  houses,  and  the 
■examination  of  drains  alone  often  fails  to  detect  the  cause  of  efiluvia  in  the 
ihouse. 

The  unhealthiness  of  houses  built  on  "made  soils,"  for  some  time  after 
tithe  soils  are  laid  down,  is  no  doubt  to  be  attributed  to  the  constant  ascent 
'of  impure  air  from  the  impure  soil  into  the  warm  houses  above. 

To  hinder  the  ascent  of  air  from  below  into  a  house  is  therefore  a  sanitary 
^point  of  importance,  and  should  be  accomplished  by  paving  and  concreting, 
>or  asphalting  the  basement,  or,  in  some  cases,  by  raising  the  house  on 
aarches  off  the  ground.  The  improvement  of  the  health  of  towns,  after  they 
aare  well  paved,  may  be  partly  owing  to  lessening  of  effluvia,  though  partly 
aalso  to  the  greater  ease  of  removing  surface  impurities.  In  some  malarious 
Idistricts  great  benefit  has  been  obtained  by  covering  the  ground  with  grass, 
land  thus  hindering  the  ascent  of  the  miasm. 

As  a  rule,  it  is  considered  that  loose  porous  soils  are  healthy,  because 
liilthey  are  dry,  and,  with  the  qualification  that  the  soil  shall  not  furnish 
pv.noxious  effluvia  from  animal  or  vegetable  impregnation,  the  rule  appears  to 
I'be  correct.  It  is,  however,  undoubted  that  dry  and  apparently  tolerably 
Si'pure  soils  are  sometimes  malarious,  and  this  arises  either  from  the  soils 
lii'being  really  impure,  or  from  their  porosity  allowing  the  transference  of  air 
I  ;irom  considerable  distances.  Even  on  the  purest  soils  it  is  desirable  to 
» -observe  the  rule  of  cutting  off  the  subsoil  air  from  ascent  into  houses. 

The  amount  of  air  in  soils  can  be  roughly  estimated,  in  the  case  of  rather 
'  Moose  rocks,  by  seeing  how  much  water  a  given  bulk  will  absorb,  which  can 
-be  done  by  the  following  plan  :— Weigh  a  piece  of  dry  rock,  and  call  its 
^  '  weight  W :  then  weigh  it  in  Avater  and  call  this  weight  Wj :  then  take  it 
t)ut  of  the  water  saturated  with  moisture,  and  Aveigh  it  again :  caU  this 
weight  We  then  have— 

(W2-W)100  ,       „  . 

—4u — fin —  =  percentage  of  air. 
W  -  Wj  ° 

if  .^^^i^^ltf^""  -"l^yy  '^^^g^'  grammes  (W) :  when  weighed  in  Avater 
110  -100  10^^^ '  ^'■'^^g^^'l  °f  ^"^tei"'  but  saturated,  it  weighs  110  (Wj) :  then 
i00-60"~40~°'^^'  multiplied  by  100  gives  25  per  cent,  of  porosity. 


When  the  soil  is  loose,  Pettenkofer  adopts  the  folloAving  plan  : — Dry  the 
loose  soil  at  212°  F.  (100°  C),  and  powder  it,  but  without  crushing  it  very 
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much ;  put  it  into  a  burette,  and  tap  it  so  as  to  expel  the  air  from  the 
interstices  as  far  as  possible ;  connect  another  burette  by  means  of  an  elastic 
tube  with  the  bottom  of  the  first  burette  and  clamp  it  on  close  to  the  end 
of  the  latter ;  pour  water  into  No.  2  burette,  and  then,  by  pressing  the 
clamp,  allow  tlie  water  to  rise  through  the  soil  until  a  thin  layer  of  water  is 
seen  above  it ;  then  read  off  the  amount  of  water  used  out  of  the  second 
burette.    The  calculation — 

Amount  of  water  used  X 100  .        ,  . 

— p  —  -.j  r=  percentage  of  air. 

Cubic  centimetres  ot  dry  sou 

Example. — 30  c.c.  of  soil  were  put  in  the  burette  ;  it  took  10  c.c.  of  water  to  reach  to 

the  top :  then  ^-^ii-l^  =  33"3  per  cent,  of  porosity. 
30 

Renk's  plan  is  very  simple.  Take  a  measured  quantity  of  soil,  say  50 
c.c,  shaken  well  together,  so  as  to  represent  its  natural  condition  as  much 
as  possible,  and  put  it  into  a  200  c.c.  graduated  glass  measure  :  then  pom  in 
100  c.c.  of  water,  and  shake  well  so  as  to  expel  all  air.  Allow  it  to  stand  a 
little  and  read  off  the  point  at  which  the  water  stands.  Suppose  it  stands 
at  125  c.c,  then  the  50  c.c.  of  soil  and  the  100  c.c.  of  water,  when  shaken 
together,  only  occupy  a  space  of  125  c.c,  the  difference,  25  c.c,  representing 

25 

the  bulk  of  air  displaced  from  the  50  c.c  of  soil :  therefore  ^  x  100  =  50 

per  cent,  of  air  or  porosity  in  the  sample  of  soil. 

The  examination  of  soil  air  can  be  best  carried  out  by  inserting  into  the 
soil  leaden  or  iron  tubes  provided  at  their  ends  with  perforated  bulbs.  To 
facilitate  the  introduction  of  these  tubes,  a  hole  must  be  dug,  in  the  bottom 
of  which  broken  bricks  or  large  stones  should  be  placed,  and  the  bulbed 
ends  of  the  tubes  fixed  at  varying  depths  among  them,  the  pit  being  after- 
wards filled  and  rammed  in  with  the  displaced  soil.  It  is  advisable  that 
the  disturbed  earth  be  allowed  to  remain  a  month  or  more  before  observa- 
tions are  made,  so  as  to  allow  the  soil  to  regain  its  ordinary  condition.  The 
tubes  so  placed  in  the  earth  should  be  next  connected  with  an  aspirator, 
capable  of  holding  2  litres  of  air ;  while  intervening  between  the  tubes  and 
the  aspirator  must  be  arranged  the  usual  appliances  for  the  estimation  of 
carbon  dioxide,  of  oxygen,  organic  matter  or  micro-organisms  in  air.  It  is 
not  necessary  here  to  describe  any  of  these  procedures,  as  they  are  explained 
in  another  chapter :  it  is  sufficient  to  point  out  that  the  essence  of  these 
arrangements  is  to  be  able  to  extract  air  from  varying  soil  depths  and  then 
cause  it  to  pass  over  or  into  certain  reagents,  contained  in  suitable  apparatus, 
so  as  to  complete  the  determination  required. 

Ground  Water. — The  water  present  in  soils  is  divided  into  moisture  and 
ground  water.  "WTien  air  as  well  as  water  is  present  in  the  interstices  the 
soil  is  merely  moist.  The  ground  water  may  be  defined,  after  Pettenkofer, 
as  that  condition  in  wliich  all  the  interstices  are  fiUed  with  water,  so  that, 
except  in  so  far  as  its  particles  are  separated  by  solid  portions  of  soil,  there 
is  a  continuity  of  water.  Other  definitions  of  ground  water  have  been 
cdven,  but  it  is  in  this  sense  it  is  spoken  of  here. 

^  Moisture  of  soil. — The  amount  of  moisture  depends  on  the  power  of  the 
soil  to  absorb  and  retain  water,  and  on  the  supply  of  water  to  the  soil  either 
from  rain  or  ground  water.  With  respect  to  the  first  point,  almost  aU  soils 
will  take  up  water.  Pfaff  has  shown  that  dried  quartz  sand  in  a  filter  can 
take  up  as  much  as  20  per  cent,  of  water,  and,  though  in  the  natural 
condition  in  the  soil  the  absorption  would  not  be  so  great,  there  is  no  doubt 
that  even  the  hardest  sands  retain  much  moisture.    After  several  months 
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of  long-continued  drought,  Churcli  found  a  light  calcareous  clay  loam  subsoil 
to  contain  from  19  to  28  per  cent,  of  water. 

A  loose  sand  may  hold  2  gallons  of  water  in  a  cubic  foot,  and  ordinary 
-andstone  may  hold  1  gallon.  Chalk  takes  13  to  17  per  cent.;  clay,  if  not 
;  very  dense,  20 ;  humus,  as  much  as  40  to  60,  and  retains  it  strongly.  The 
so-called  "cotton-soil"  of  Central  India,  which  is  derived  from  trap  rock, 
absorbs  and  retains  water  with  great  tenacity ;  the  driest  granite  and 
marbles  will  contain  from  0"4  to  4  per  cent,  of  water,  or  from  5  to  50  pints 
in  each  cubic  yard. 

The  moisture  in  the  soil  is  derived  partly  from  rain,  to  which  no  soil  is 
absolutely  impermeable,  as  even  granite,  clay  slate,  and  hard  limestone  may 
absorb  a  little.  Practically,  however,  soils  may  be  divided  into  the  im- 
permeable (unweathered  granite,  trap  and  metamorphic  rocks,  clay  slate, 
dense  clays,  hard  oolite,  hard  limestone  and  dolomite,  &c.)  and  the  permeable 
(chalk,  sand,  sandstone,  vegetable  soils,  &c.).  The  amount  of  rain  passing 
into  the  soil  is  influenced,  however,  by  other  circumstances — by  the  declivity 
and  inclination  of  the  soil;  by  the  amount  of  evaporation,  which  is 
increased  in  summer ;  by  hot  winds ;  and  by  the  rapidity  of  the  fall  of 
rain,  which  may  be  greater  than  the  soil  can  absorb.  On  an  average,  in 
this  country,  about  25  per  cent,  of  the  rain  penetrates  into  the  sand  rock, 
42  per  cent,  into  the  chalk,  and  from  90  to  96  per  cent,  into  the  loose  sands. 
The  rest  evaporates  or  runs  off  the  surface  by  the  lines  of  natural  drainage. 
The  rapidity  with  which  the  rain-water  sinlvs  through  soil  evidently  varies 
with  circumstances;  in  the  rather  dense  chalks  it  has  been  supposed  to 
move  3  feet  downAvards  every  year,  but  in  the  sand  its  movement  must  be 
much  quicker. 

The  moisture  of  the  soil  is  not,  however,  derived  solely  from  rain ;  the 
,Tound  water  by  its  own  movement  of  rising  and  falling,  by  evaporation 
from  the  surface  of  the  subterranean  water,  and  by  capillary  attraction, 
makes  the  upper  layers  of  the  soil  wet.  By  these  several  agencies  the 
-(round  near  the  surface  is  in  most  parts  of  the  world  kept  more  or  less 
lamp. 

Daubree  estimated  the  height  to  which  water  is  raised  by  capillarity  as 
follows : — 

30  centimetres  in  sands. 
60       „       „    calcareo-argillaceous  soils. 
150       „       „    clays  and  compact  marls. 

In  the  superficial  soil  layers,  the  capillary  action  appears  to  be  greatest 
or  clays  and  least  for  chalks :  humus  and  sand  occupying  an  intermediate 
position. 

As  regards  the  afiinity  of  soils  for  water  and  their  capabilities  for 
noisture,  a  distinction  must  be  made  between  the  permeability  and  absorp- 
ive  power  of  a  soil.  A  permeable  soil,  by  allowing  water  or  moisture  to 
Jass  through  it,  contributes  to  the  supply  of  the  ground  water,  while  an 
absorptive  soil  really  retains  the  moisture.  Miers  and  Crosskey  have 
■xplamed  the  action  of  the  soil  in  regard  to  water  as  being  of  a  threefold 
lature.  They  say,  it  may  act  merely  as  a  strainer  allowing  fluid  to  pass 
urough  itself ;  it  may  take  up  water  just  as  blotting  paper  takes  up  ink ; 
T  it  may  be  saturated  by  water  and  retain  it,  as  a  sponge,  immersed  in 
vater,  IS  saturated  by  liquid  which  flows  from  it  when  the  sponge  is  lifted 
"it.  This  involves  a  distinction  between  permeability,  imbibition  and 
aturation  •  because,  the  amount  of  water  which  percolates  through  the  soil 
s  due  to  Its  permeability,  that  which  is  retained  as  moisture  in  the  soil  is 
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due  to  its  power  of  imbibition,  while  that  lying  in  the  subsoil,  in  the  form 
of  ground  water,  depends  upon  the  saturation.  Practically,  the  relation  to 
water  of  a  given  soil  depends  upon  all  these  three  qualities,  and  accordmg 
as  the  one  or  other  is  most  prominent,  so  will  the  soil  be  drier  or  damper. 

Thus,  sandstones  are  very  permeable  but  not  absorptive,  the  same  is  the 
case  with  the  limestones,  chalk  and  schistose  rocks.    Generally  speaking, 
soils  which  possess  a  great  capacity  for  imbibition  are  not  very  permeable,  jj^ 
and  conversely  the  most  permeable  soils  have  the  least  storage  capacity. ; 
The  best  test  of  permeability  of  a  soil  will  be  the  rapidity  with  wludx^l 
percolation  takes  place  through  it.    A  number  of  experiments  made  indicate'] 
that  water  passes  through  clay  the  most  slowly,  and  gradually  increases  m 
rapidity  through  marls,  granitic  soils,  loams,  limestone,  coarse  sand,  basaltic 
soil,  and  fine  sand.     Warrington  found   that   at   Rothamsted   only  7 
inches  of  rain,  out  of  an  annual  fall  of  28  inches,  percolated,  during  ^the 
year,  through  3  feet  of  clayey  gravel :  while  Prestwich  relates  that  on 
the  chalk  hills  it  takes  four  to  six  months  for  rain  to  pass  from  the  surface 
to  the  line  of  water  level  at  the  depth  of  200  to  300  feet,  so  that^  the  heavy 
rainfall  of  winter  is  not  felt  in  the  deep  springs  for  some  months.  _ 

Absorption,  being  mainly  dependent  upon  capUlary  action,  is  always 
greater  for  rocks  or  soils  which  consist  of  fine  particles :  the  foUowmg  tabl" 
summarises  a  large  number  of  observations : — 

Granites  will  absorb  from  0-1  to  0-4  per  cent,  of  water. 

Shales         ,,        ,,       0-3  „  VS 

Basalts         „        ,,       0-3  3-0 

Sandstones   ,,        ,,       0-5  ,,  10-0      ,,  ,, 

Dolomites     ,,        „       0-5  ,,    5-0      ,,  „ 

Limestones   ,,        ,,       I'O  n  If^'O  ,, 

If  expressed  as  the  proportion  of  the  volume  of  water  taken  up  to  the 
volume  of  the  soil,  we  get  the  following  results  :— 

TT  .       70  per  cent. 

Humus,  .  •  •  •  en 

Clay,  .  .  •  •  •  -44" 
Fine  limestone,  •  •  •  '  In  " 
Sand,   4U  ,, 

Recrarding  the  value  of  a  rock  or  soil  as  a  water-bearing  stratum  beii^ 
mainly  dependent  upon  its  capacity  for  saturation,  the  foUowmg  figures 
from  Delesse  are  interesting  : — 

Sandstone  will  retain  29  per  cent,  of  water. 

Chalk         „       ,,    24      „  ., 

Clay  ,,       „  20 

Clay  with  chalk  ,,    19  >> 

Basalt  will  retain        0"3  ,, 

Granite  „     ,,  O'l   ,,  i> 

The  determination  of  moisture  in  soil  can  be  made  by  drying  10  grammes 
at  a  temperature  of  110"  C,  then  weighing,  when  the  dxffer^^^^^^^^^^ 
observations  will  represent  the  amount  sought.    The  quantity  01  moisu 
wlS^rarven  soil  sample  is  capable  of  taking  up,  may  be  determin  d  b) 
placing  the  previously  dried  soil  under  a  bell-jar  over  water  and  noticmg  the 

"^tSTof^moistur^  found  in  soHs  appears  to  vary  .^th  tl. 
depth  aTthe  amount  of  contained  organic  matter,  being  dimmished  a. 
Ser  layers  arrpenetrated  and  as  the  quantity  of  o^g-"';^;*^ 
decreases  ^  The  moisture  varies  not  only  from  year  to  year,  but  fi^m  n  nth 
?o  month,  reaching  in  Europe  generally  a  11—1  m  May  nd  thei  Mu  g 
during  the  summer  until  late  autumn.    In  the  -^^^  iound 

maximum  of  moisture  is  not  attained  till  midsummer.    The  minimum 
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.■  Fodor  in  Buda-Pesth  at  1  metre  was  5 "9  per  cent.,  while  at  4  metres  it 
IS  3"2  per  cent.    Decomposition,  in  soil,  ceases  when  the  moisture  falls 
low  1"5  per  cent.,  but  is  most  active  when  the  amount  is  about  4  per 
lit.    A  sample  of  surface  soil,  taken  at  6  inches,  consisting  of  loose  sandy 
am,  examined  by  one  of  us  in  India,  contained  but  2  per  cent,  of  moisture. 
The  Ch-oitnd  or  Subsoil  Water. — The  subterranean  continuous  water, 
aiown  as  ground  or  subsoil  water,  is  at  very  different  depths  below  the 
urface  in  different  soils ;  sometimes  it  is  only  2  or  3  feet  from  the  surface, 
11  other  cases  as  many  hundreds.    This  depends  on  the  compactness! or 
■meability  of  the  soil,  the  ease  or  difficulty  of  outflow,  and  the  existence 
not  of  an  impermeable  stratum  near  or  far  from  the  surface.    It  is  an 
ror  to  look  upon  the  ground  water  as  a  subterranean  lake  or  sea,  with  an 
^en  surface  like  an  ordinary  sheet  of  water,  for  it  is  not  necessarily 
nrizontal,  and  in  some  places  it  may  be  brought  nearer  to  the  surface  than 
:hers  by  pecidiarities  of  ground.    The  water  is  in  constant  movement,  in 
lost  cases  flowing  towards  the  nearest  water-courses  or  the  sea ;  the  rate  of 
ii:>vement  has  not  yet  been  perfectly  determined.    In  Munich,  Pettenkofer 
-ckons  its  rate  as  1 5  feet  daily ;  the  high  water  in  the  Elbe  moves  the 
round  water  in  the  vicinity  at  the  rate  of  about  7  or  8  feet  daily.  Fodor 
ives  the  mean  rate  at  Buda-Pesth  as  53  metres  (174  feet),  with  a  maximum 
f  66  metres  (216  feet),  in  twenty-four  hours,  reckoning  by  the  rise  of  the 
eUs  following  the  rise  of  the  Danube. 
The  rate  of  movement  is  not  influenced  solely  by  compactness  or  porosity 
soil,  or  incUnation.    The  roots  of  trees  exert  a  great  influence  in  lessening 
le  flow ;  and,  on  the  other  hand,  water  runs  off  more  rapidly  than  before 
1  a  district  cleared  of  trees.    The  level  of  the  ground  water  is  constantly 
langing.    It  rises  or  falls  more  or  less  rapidly  and  at  different  rates  in 
fferent  places ;  in  some  cases  its  movement  is  only  a  few  inches  either  way, 
it  in  most  cases  the  limits  between  its  highest  and  lowest  levels  in  the  year 
e  several  feet  (in  Munich  about  10).    In  India  the  changes  are  greater, 
t  Saugor,  in  Central  India,  the  extremes  of  the  soil  water  are  from  a  few 
dies  from  surface  (in  the  rains)  to  17  feet  in  May.  At  Jubbulpore  it  is  from 
feet  from  the  surface  to  12  or  15.    At  Calcutta,  Lewis  and  Cunningham 
und  the  water  level  to  vary  between  5  and  15  feet  below  the  surface. 

The  causes  of  change  in  the  level  of  the  ground  water  are  the  rainfall, 
essure  of  water  from  rivers  or  the  sea,  and  alterations  in  outfall,  either 
creased  obstruction  or  the  reverse.  The  effect  of  the  rainfaU  is  sometimes 
ly  traceable  weeks  or  even  months  after  the  faU,  and  occasionally,  as  in 
ains  at  the  foot  of  hills,  the  level  of  the  ground  water  may  be  raised  by 
mfalls  occurring  at  great  distances.  The  pressure  of  the  water  in  the 
ime  has  been  shown  to  affect  the  water  in  a  well  1670  feet  away  The 
essure  of  the  Danube  at  Buda-Pesth  is  found  to  influence  a  we'll  at  a 
stance  of  2700  feet  (Fodor). 

In  a  place  near  the  Hamble  River  (Hampshire)  the  tide  was  found  to 
ect  the  water  of  a  well  at  a  distance  of  2240  feet,  the  well  itself  being 
feet  deep  and  140  feet  above  mean  water-level.     A  uniformly  low 
jund  water,  say  15  to  20  feet,  is  most  healthy,  but  a  uniformly  hi^rh 
"md  water  say  3  to  5  feet,  is  preferable  to  one  that  is  fluctuating, 
'ecially  If  the  limits  be  wide.   It  must,  however,  be  borne  in  mind  that  it 
nut  the  ground  water  itself  that  is  the  cause  of  disease,  but  the  impurities 
uie  soil  which  the  varying  level  of  the  ground  water  helps  to  set  in  action. 
Measurement  of  the  Ch-ound  Water.~T\x^  height  at  which  water  stands 
^^ells  is  considered  to  give  the  best  indication  of  the  height  of  the 
una  water.     Pettenkofer  uses  a  rod  on  which  are  fixed  a  number  of 
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little  cups,  and,  when  let  down  into  the  well  and  drawn  up  again,  the 
uppermost  cup  which  contains  water  marks,  of  course,  the  height  of  the 
water ;  the  length  of  the  cord  or  rod  used  for  letting  down  the  cups  heing 
known,  the  changing  level  of  the  well  can  he  estimated  to  within  half  an 
inch.  'Some  precautions  are  necessary  in  making  these  ohservations :  if  a 
rope  is  used  it  may  stretch  with  use,  or  in  a  hot  dry  wind,  or  contract  in 
wet  weather,  and  therehy  make  the  ohservation  incorrect ;  local  conditions 
of  wells,  proximity  to  rivers,  &c.,  must  he  learnt,  else  what  may  he  termed 
local  alterations  in  a  well  may  be  wrongly  supposed  to  mean  changes  in  the 
general  level  of  the  ground  water.    It  is  necessary,  therefore,  to  make  the 
ohservations  simultaneously  in  many  wells  and  over  a  considerable  district. 
The  observations  should  be  made  not  less  often  than  once  a  fortnight,  and 
of tener  if  possible,  and  be  carried  on  for  a  considerable  time  before  any  con- 
clusions are  drawn.  x,  •    .  i 
Pettenkofer  also  uses  a  large  float,  which  is  suspended  by  a  chain  travel- 
ling over  a  pulley  :  this  supports  an  indicator  at  its  other  end,  which  marks 
the  height  on  a  fixed  scale. 

Metliod  of  rendering  Soil  Drier.— There  are  two  plans  of  doing  tins,— 
deep  drainage  and  opening  the  outflow.  The  laying  down  of  sewers  often 
carries  off  water  by  leaving  spaces  along  the  course  of  the  sewers  but  this  is 
a  bad  plan:  it  is  much  better  to  have  special  drains  for  ground  water  laid 
by  the  side  of  or  under  the  sewers.  Deep  soil  drainage  (the  drains  hem 
from  8  to  12  feet  deep  and  10  to  20  feet  apart)  is  useful  in  all  soils  excep 
the  most  impermeable,  and  in  the  tropics  should  be  carried  out  even  on 
what  are  apparently  dry  sandy  plains.  ■  ti^Jc 

In  some  cases  soil  may  be  rendered  drier  by  opening  the  outflo^^  iMs 
is  an  engineering  problem  which  medical  officers  can  only  suggest  Ihe 
clearin-  of  water-courses,  removal  of  obstructions,  and  formation  of  fresh 
channels  are  measures  which  may  have  an  effect  over  very  large  areas  which 
could  not  be  reached  by  ordinary  drainage.  f  ,i  „,„,p,-fv 

Soil  Heat.— Under  this  heading  is  involved  the  questions  of  the  capacity 
of  soils  for  both  absorbing,  retaining  and  giving  oflP  heat  as  well  as  the 
facts  regarding  mere  soil  temperatures.  It  is  a  matter  of  common  know- 
ledge that  certain  soils  are  warmer  than  others,  that  is,  they  are  more  easily 
heated  by  the  sun's  rays,  or  in  other  words  have  a  lesser  or  greater  spen^ 
heat  The  specific  heat  of  any  body  is  defined  as  bemg  that  amount  of  heat 
nec  ssary  to 'raise  its  unit  mass  through  V  C.  :  the  unit  f  J--*  J 
being  the  quantity  of  heat  needed  to  raise  1  kilogramme  of  water  thioug^ 
r  C  The  specific  heat  of  water  is  usually  taken  as  unity,  and  on  th 
basis  from  the  following  table,  it  will  be  seen  that  the  chief  soils  and  their 
constituents  have  a  distfnctly  lower  specific  heat  than  water,  and  that  conse- 
quently all  of  them  are  more  easily  warmed  than  water. 

Clay  has  a  specific  heat  of  0-160 

Quartz  „  „ 

Felspar  „         „        „       0  90 

Granite  „         „                0  19- 

Calcite  „         „                0  204 


Mica 
Slate 


0-205 
0-207 


Limonite  ,,  i^.tA 

Limestone  ,,  ^  it^ 

Loam  „  ,.       ..  0'^2„ 

Basalt  „  0-2/0 

Sand  „  n  0-2/5 

Humus  „  0  600 
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Complementary  to  the  foregoing,  may  be  taken  the  two  foUoAving  tables, 
jiioted  by  Lloyd  from  experiments  made  by  Liebenberg  of  Halle. 

Gain  of  Heat  hy  Soils. 


Original 
Tempera- 
ture. 

\  liour. 

After  1  hour. 

After  2  hours. 

2  cm. 

5  cm. 

2  cm. 

5  cm. 

2  cm. 

5  cm. 

Lime  sand,  . 

21°  C. 

29°  0. 

27°-5  C. 

32°  C. 

31°-5  C. 

36°-5  0. 

37°-0  C. 

Tertiary  clay. 

21° 

30° 

27°-5 

33° 

30°-0 

36°-3 

35°-0 

Tertiary  saud, 

21° 

30° 

28°-0 

33° 

32°-5 

37°-5 

36°-5 

Marl,  . 

21° 

31° 

28°-5 

34° 

32° -5 

39°-0 

37°-5 

Meadow  loam. 

21° 

32° 

27°-5 

37° 

36°-0 

40°-5 

38°-5 

Kich  loam,  . 

21° 

32° 

29°-0 

36° 

34° -0 

41° -5 

39°-5 

Basalt, 

21° 

33° 

28°-5 

35° 

33°-0 

42°-0 

38° -0 

AVater, 

21° 

26° 

26°  0 

29°'5 

29°-5 

31° -0 

31°-0 

Loss  of  Heat  hy  Soils. 


Original  Temp. 

After  i  hour. 

After  1  hour. 

After  2  hours. 

Coarse  sand,  . 
Fine  sand, 
Marls,  . 
Loams,  . 

Clay,    .       .  . 

41°-25  C. 

41°-75 

40°-00 

40°-00 

39°-50 

29°-75  C. 
28° -25 
27°-50 
27°-00 
26° '00 

24° -25  C. 
23° -25 
23° -00 
22°-00 
21°-50 

19°-75  C. 

18°-75 

18°'50 

18°-00 

18°-00 

With  regard  to  the  heat  retaining  power  of  some  soils,  the  following  are 
he  results  of  Schiibler's  observations  : — 


Poioer  of  retaining  Heat,  100  being  assumed  as  the  standard. 

^and  with  some  lime,  .  .  .  lOO'O 
'ure  sand,  .  .  .  .  .95*6 
aght  clay,  .       .       .       .       !  76-9 

'ypsnm,  72-2 

leavy  clay,        .       .       .       .  7l'll 


Clayey  earth. 
Pure  clay,  . 
Fine  chalk, . 
Humus, 


68-4 
66-7 
61-8 
49-0 


These  tables  all  show  that  not  only  does  sand  warm  much  more  rapidly 
tian  clay,  but  also  that  the  presence  of  organic  matter  in  any  soil  causes  it 
3  possess  a  relatively  greater  power  of  absorbing  heat.  These  facts  are 
robably  due  to  the  peculiar  behaviour  of  Avater  to  heat.  Water  is  both  a 
arl  absorber  and  bad  radiator  of  heat,  hence  soils  which  contain  much 
ater  such  as  a  damp  clay,  have  a  higher  specific  heat  than  dry  porous 
3US,  like  sand,  and  consequently  warm  slowly  and  are  often  spoken  of  as 
com  soils.     This  IS  m  accordance  with  everyday  experience. 

ihe  rapidity  with  which  soils  radiate  heat  is  not  necessarily  equal  to 
leir  power  of  absorbing  it,  but  will  depend  somewhat  on  their  colour  and 
:  f^\^^"^^"s  of  tlie  vegetation  growing  upon  them.  It  is 
uoorious  that  dark  materials  always  absorb  more  radiant  beat  than  light 
"es .  It  has  been  found,  for  instance,  that  with  the  same  exposure  to  the 
'  50^  C  »  attained  a  temperature  of  43°  C,  while  a  black  sand  rose 

^ol^I'''™"-^-^^  ^^'^''''''"S  power  is  more  rapid  than  the  absorbing:  soils 
501  moie  rapidly  than  they  heat.    Some  of  tlie  marshes  in  Mexico  cool  so 
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rapidly  at  night  that  the  evolution  of  malaria  is  said  to  be  stopped,  and  the 
marsh  is  not  dangerous  during  the  night.  Jourdanet  stetes  that  while 
a  thermometer  marked  zero  on  the  ground,  it  recorded  14°  C.  at  a  distance 
of  16  feet  above  the  ground.  Vegetation  and  herbage  greatly  lessen  the 
absorption  of  heat  by  a  soil,  at  the  same  time  making  radiation  more  rapid. 
On  the  Orinoco,  a  naked  rock  has  been  known  to  have  a  temperature  of 
48°  C,  while  an  adjacent  rock  covered  with  grass  had  a  temperature  of  but 
30°  C 

Not  only  does  the  amount  of  radiation  differ  in  different  soils,  but 
a  change  is  produced  in  the  heat  by  the  kind  of  soil.  The  remarkable 
researches  of  Tyndall  have  shown  that  the  heat  radiated  from  granite  passes, 
through  aqueous  vapour  much  more  readily  than  the  heat  radiated  by  water 
(thou°h  the  passage  is  much  more  obstructed  than  in  dry  air).  In  other 
words"  the  luminous  heat  rays  of  the  sun  pass  freely  through  aqueous 
vapours  and  fall  on  water  and  granite ;  but  the  absorption  produces  a 
change  in  the  heat,  so  that  it  issues  again  from  water  and  granite  changed 

in  quality.  .  ... 

Besides  the  excess  of  heat  absorption  over  heat  radiation,  it  is  probable 
that  soils  obtain  a  considerable  amount  of  heat  by  virtue  of  the  chemical 
actions  which  are  constantly  taking  place  within  them;  "it  having  been 
proved  by  numerous  observers  that  the  growth  of  plants  is  always  accom- 
panied  by  a  rise  in  temperature,  which  again  is  related  to  the  rapidity  of 
their  vital  processes."  The  heat  liberated  by  the  condensation  of  gases  may, 
too,  be  a  not  inconsiderable  source  of  warmth.  _  t-u 

It  Avill  be  readily  understood,  from  the  above  considerations,  that  tHe 
temperature  of  the  soil  is  but  rarely  that  of  the  atmosphere,  but  more  often 
hicrher :  and,  too,  that  the  earth's  temperature  is  different  m  different 
places  Fodor  was  one  of  the  first,  from  his  observations  made  at  J3uda- 
Pesth  to  point  out  that  the  surface  soil  is  warmer  by  day  and  colder  by 
nic^ht'than  the  air,  but  that  the  subsoil  reaches  its  maximum  and  minimum 
hett  later  than  the  surface  soil,  so  that  it  is  colder  in  summer  but  warmer 
in  winter  than  the  superficial  layers.  His  observations  give  the  foUowmg 
results : — 

Average  maximum  temperature,  at  |  ^o^l  metre  in  depth,  .-as  found  in  August. 

>»  "  "  4  'I  October. 

"         •  •"  "  1  tn'i  mpfrp      "  January  or  Feb. 

minimum         ,,  ^  to  i  metre      ,,  J 

2  metres  ,,  »  ■^P'^"- 

Fodor's  results  and  those  of  others  indicate  the  greatest  range  of  tempera- 
ture in  the  superficial  soil :  at  18  inches  below  the  surface  there  occurs  m 
Europe  a  variation  of  from  15°  to  20°  C.  below  the  montlily  mean,  while  at 
10  feet  deep  the  variation  is  as  little  as  from  3  to  5  C.  _ 

There  is  a  marked  difference  in  the  manner  in  which  the  surf  ace  so^ 
temperatures  follow  variations  in  the  atmospheric  heat  as  ^o^;^^  ™ 
the  temperatures  of  the  deeper  layers,  mile  the  teuil^eratur^^  o  the 
surface  soil  will  quickly  respond  to  small  changes  ."^.^^^^^^^f  J^^. ^^^^ 
the  soil  below  the  surface  follows  even  great  variations  of  an  temperature 
but  slowly  Thus,  after  a  series  of  cold  or  warm  days,  it  will  be  three  or 
Sore  dlys  l3ef ore  the  soil  temperature,  at  a  depth  of  half  nieire,  wdl 
rcomSate  itself  to  that  of  the  air.    At  greater  depths  the  stabdity  of  the 

soil  temperature  is  even  greater.  .        i.pnt  in  ^oil  •  one 

The  sun's  rays  would  appear  to  cause  two  currents  ^f/^^^*  ,  f°  ,t 

wave  is  diurnal,  the  heat  passing  down  in  temperate  f/^^f;^,        °  ^^t^ 
in  depth  during  the  day,  and  receding  during  the  night,  the  depth,  however. 
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s-u-vincr  ,vith  the  nature  of  the  soil  and  with  the  season :  the  other  wave 
is  annual,  the  amplitude  of  which  diminishes  with  the  depth  till  it  ceases 
to  be  perceptible.    Forbes  has  shown,  from  observations  made  m  Jidmburgh, 
that  the  annual  variation  is  not  appreciable  lower  than  40  feet  below  the 
surface,  and  that  under  24  feet  the  changes  of  temperature  are  small  through 
the  year     The  depth  at  which  the  annual  variation  ceases,  or  where  the 
temperature  is  constant,  depends  on  the  conductivity  and  specific  heat  of 
the  soil :  but  particularly  on  the  difference  between  the  summer  and  winter 
temperatures.    The  rate  at  which  the  amiual  wave  of  heat  is  propagated 
downwards  is  so  slow,  that  at  Edinburgh,  at  a  depth  of  24  feet,  the  highest 
annual  temperature  does  not  occur  till  January,  and  the  lowest  not  till  the 
middle  of  July :  thus  reversing  the  seasons  at  this  depth.    At  Greenwich, 
at  25A  feet,  these  phases  of  the  annual  temperature  occur  on  November  30th 
and  June  1st.    Some  observations  made  in  the  Punjab  showed  that  at  20 
feet  the  annual  maximum  was  reached  in  September  and  the  minimum  m 
March.    According  to  Everett,  the  heat  of  the  earth's  surface  is  not  influ- 
enced by  the  flow  of  heat  from  below  upwards,  but  is  determined  entirely  by 
atmospheric  conditions.    The  temperature  gradient  averages  an  increase  of 
heat  downwards  of  1°  F.  for  each  50  feet  roughly :  which  makes  the  soil 
heat  gradient  five  times  steeper  than  that  of  air.    The  soil  temperature 
-gradient  is  steepest  beneath  gorges  and  least  so  beneath  ridges :  hence  the 
underground  isothermals  (annual)  are  flatter  than  the  uneven  surfaces  above 
them.°  The  increase  or  extension  of  heat  through  any  cubic  area  of  soil  is 
about  equal  to  the  product  of  the  temperature  gradient  by  the  conductivity, 
so  that  it  includes  convection  by  the  percolation  of  water  as  well  as  conduc- 
tion proper :  as  a  result  of  this,  in  comparing  different  strata  of  soil,  the  heat 
gradient  varies  in  the  inverse  ratio  of  the  soil  conductivity. 

In  Calcutta,  Lewis  and  Cunningham  found  that  the  temperature  of  the 
soil  varied  with  the  season.  In  hot  weather  the  thermometer  stood  highest 
in  the  air,  next  highest  in  the  upper  stratum  of  the  soil,  and  loAvest  in  the 
lower  stratum.  In  cold  weather  the  conditions  were  exactly  reversed,  the 
air  being  coolest  and  the  lowest  stratum  of  soil  the  hottest.  During  rain, 
however,  these  relations  were  not  constant. 

Since  the  effect  of  cold,  generated  by  nocturnal  radiation,  mostly 
accumulates  on  the  earth's  surface,  while  the  effects  of  solar  radiation  are 
spread  to  some  height  by  ascending  currents  from  the  heated  ground,  it 
might  be  expected  that  the  mean  annual  temperature  of  the  soil  surface 
woidd  be  lower  than  that  of  the  air  resting  on  it :  this  is  precisely  what  is 
found  to  be  the  case.  On  the  other  hand,  the  deeper  layers  of  the  earth  are 
often  warmer  than  the  atmosphere,  and  do  not  display  the  same  extremes  of 
heat  as  does  the  air.  This  is  seen  in  the  case  of  deep  springs  which  get  their 
source  from  depths  greater  than  that  to  which  the  annual  variation  of  soil 
heat  penetrates,  and  have  in  consequence  a  constant  temperature  throughout 
the  year,  and  further,  if  they  come  from  a  depth  much  greater,  they  give 
a  close  approximation  to  the  mean  annual  temperature  of  the  place. 

Reflection  of  Light. — This  is  a  matter  of  colour  ;  the  white  glaring  soils 
reflect  light,  and  such  soils  are  generally  also  hot,  as  the  rays  of  heat  are 
also  reflected.  The  effect  of  glare  on  the  eyes  is  obvious,  and  in  the  tropics 
this  becomes  a  very  important  point.  If  a  spot  bare  of  vegetation,  and  with 
a  white  surface,  must  be  used  for  habitations,  some  good  result  might  be 
obtained  by  colouring  the  houses  pale  blue  or  green. 

The  effect  of  soil  temperature  upon  disease  is  undoubtedly  important, 
more  particularly  with  regard  to  malaria,  cholera,  and  epidemic  diarrhoea. 
These  relations  will  be  considered  later  on,  when  discussing  the  influence  of 
soil  generally  on  special  diseases. 
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Estimation  of  Soil  Temperatures. — No  difficulty  should  be  experienced 
in  making  these  observations.  One  or  more  shafts  or  tubes  should  be  bored 
into  the  soil  to  the  required  depth :  the  sectional  diameter  of  these  tubes 
may  vary  from  2  to  8  inches.  Into  the  tubes,  boards  or  blocks  of  wood 
should  be  made  to  fit,  carrying  the  thermometers  at  suitable  depths ;  the 
opening  or  mouth  of  the  tube  being  closed  with  an  accurately  fitting  cap  or  plug. 
The  observations  should  be  taken  at  the  same  hour  every  day,  the  thermo- 
meters immediately  returned  into  the  soil,  care,  of  course,  being  taken,  before 
so  doing,  to  raise  the  registering  index  of  the  minimum,  and  to  depress  that 
of  the  maximum  instrument  well  above  and  below  the  temperature  of  the 
soil. 

Micro-organisms  in  Soil. — For  some  years  it  has  been  known  that 
ordinary  garden  soil  and  agricultural  humus  contain  large  niimbers  of 
micro-organisms  belonging  to  the  Schizomycetes  and  other  allied  groups  of 
the  lower  Fungi.  Schlosing  and  Muntz  in  1877-78,  and  Warington  about 
the  same  time,  showed  that  the  process  of  nitrification  that  takes  place  in 
soils  is  a  fermentative  process,  excited  and  carried  on  through  the  agency  of 
a  minute  organism,  just  as  ordinary  fermentation  is  carried  on  by  torula. 
Miquel  in  1879  attempted  to  estimate  the  number  of  germs  present  in  soils 
of  different  kinds.  Since  then,  Koch,  Frankel,  Fliigge,  the  Franklands,  and 
other  observers  have  pursued  the  subject,  which  opens  out  a  large  field  for 
investigation  of  great  importance  :  these  researches  have  yielded  results  from 
which  some  conclusions  may  be  drawn,  though  at  the  present  stage  of  the 
inquiry  this  should  only  be  done  with  caution. 

The  existence  of  micro-organisms  in  soil  is  not  surprising,  when  one 
considers  that  in  many  kinds  of  ordinary  soil  all  the  conditions  necessary 
for  their  growth  9,nd  multiplication  are  present,  namely,  a  supply  of  nutri- 
tive substance  derived  from  the  decomposition  of  organic  matter,  moisture, 
access  of  air,  and  a  suitable  temperature.  All  of  these  conditions  are 
commonly  found  in  the  superficial  much  more  than  in  the  deeper  layers  of 
the  soil,  and  it  is  accordingly  in  the  former  rather  than  in  the  latter  that 
microbes  are  found  to  exist  in  the  greater  numbers  :  below  12  to  15  feet  m 
depth  they  are  comparatively  few.  The  greater  the  organic  pollution  of  the 
soil,  the  greater  the  number  of  microbes  present ;  the  most  suitable  conditions 
of  moisture  and  temperature  no  doubt  vary  in  regard  to  different  species, 
neither  dryness  nor  complete  saturation,  nor  the  extremes  of  heat  and  cold, 
being  favourable  to  the  development  of  many  forms  at  present  investigated. 
The  actual  numbers  of  germs  found,  or  calculated,  by  different  observers 
vary  very  considerably,  and  are  perhaps  of  not  much  importance,  but  there 
is  a  pretty  general  agreement  in  regard  to  these  two  points  :  (1)  the  larger 
the  amount  of  organic  matter  in  the  soil,  the  greater  the  number  of  micro- 
organisms; (2)  whatever  the  nature  of  -the  soU,  the  number  of  micro- 
organisms diminishes  as  the  depth  increases.  _      •,  • 

AU  forms  of  bacterial  life  have  been  found  to  be  present  m  soil :  m  t  le 
moist  and  superficial  layers,  micrococci  are  the  more  numerous,  while  m  the 
drier  and  deeper  portions,  baciUi  are  present  in  the  largest  numbers.  As 
Fliigge  has  shown,  some  species  are  markedly  prominent,  and  are  found  in 
the  most  varied  places,  while  others  occur  in  only  limited  areas.  _  it  is 
probable  that  large  numbers  and  kinds  of  bacilli  are  also  present  in  the 
soil  in  the  form  of  spores.  Practically,  all  the  micro-organisms  found  m  soiJ 
may  be  divided  into  the  saprophytic  and  the  pathogenic.  _ 

The  former  probably  includes  a  large  number  of  species,  which  up  to 
the  present  have  not  been  differentiated;  according  to  Arnould,  no  more 
precise  distinction  can  be  drawn  than  between  those  which  oxidm^J^ 
those  that  de-oxidise  or  reduce.    Of  these  the  oxidisers  are  the  most  numeious 
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nui  important,  including  those  through  whose  agency  the  process  of  nitri- 
;eation  takes  place;  this,  though  originally  supposed  to  be  the  work  of  one 
specific  "nitrifying  ferment,"  is  in  all  probability  eilected  by  several  differ- 
Mit  forms  Nitric  and  nitrous  organisms  are  now  distinguished  from  eacli 
)ther  by  specific  characters.  The  Bacillus  mycoides  and  the  Bacillus 
iiiorescens  Uquefaciens  have  been  found  to  have  a  powerful  reducing  action 
3u  nitrates.  Possibly  the  same  species  may  be  at  one  time  an  oxidiser,  at 
i  mother  a  reducing  ferment.  . 

The  pathogenic  bacteria  occur  with  such  frequency  m  the  eartn  tnat 
10  material  produces  infection  so  easily  as  soil.  WeU-known  pathogenic 
inhabitants  of  the  soil  are  the  bacilli  of  malignant  oedema,  of  infective 
etanus,  and  the  anthrax  bacHlus.  With  soil,  too,  are  probably  often 
tssociated  Eberth's  bacillus  of  enteric  fever,  the  malarial  plasmodium,  the 
vibrios  of  cholera,  some  forms  of  pneumococci  (Sherrington),  and  the  B. 
nteritidis  sperogenes,  said  by  Klein  to  be  connected  with  the  occurrence  of 
pidemic  summer  diarrhoea.  The  local  and  seasonal  variations  in  the  dis- 
tribution of  some  infective  diseases  led  Pettenkofer  and  others  to  beheve 
that  the  soil  had  a  specific  influence  on  the  development  and  spread  of 
infective  germs,  and  that  there  was  a  constant  connection  between  soil  and 
epidemics,  . 

Flligge  considers  that  on  the  surface  of  the  soil  pathogenic  baciUi  may 
tiud  sucii  conditions  of  moisture  and  temperature  as  are  favourable  to  their 
germination  and  the  production  of  new  bacilli ;  but  that  they  will  speedily 
cease  to  exist,  the  vegetative  form  being  easily  overcome  by  saprophytes. 
The  deeper  layers  of  the  soil,  on  the  other  hand,  are  favourable  for  the 
preservation  of  the  spores  of  pathogenic  organisms,  though  not  for  their 
multipUcation ;  it  is  because  they  do  not  develop,  but  remain  in  the  spore 
form,  the  temperature  and  other  surrounding  circumstances  being  unsuitable 
to  germination,  that  they  are  preserved,  vitality  being  maintained,  though 
dormant. 

Soyka's  experiments  with  anthrax  bacilli  indicate  that,  in  their  case 
at  least,  the  soil  exercises  no  marked  or  specific  influence  on  the  formation 
of  spores.  Observations  made  with  other  pathogenic  forms  similarly  show 
the  son  to  be  deficient  in  any  special  power  of  furthering  spore  formation. 
The  preservation  of  non-spore-bearing  bacteria  in  soil  has  been  explained  by 
Soyka  as  likely  to  often  occur,  because  in  that  medium  they  are  rarely 
likely  to  become  completely  dried,  even  in  the  driest  of  soils,  owing  to  the 
layer  of  aqueous  vapour  which  so  tenaciously  surrounds  the  elements  of  the 
soil.  The  length  of  life  of  micro-organisms  in  the  soil  depends  almost 
entirely  on  the  amount  of  moisture  present.  Peat  appears  to  be  very  hostile 
to  many  forms  of  bacteria ;  why  so,  is  not  precisely  known,  but  is  very 
generally  attributed  to  the  presence  of  complex  acids.  Even  granting  the 
frequent  preservation  of  pathogenic  bacteria  in  soil,  it  must  be  remembered 
that  this  preservation  is  not  an  exclusive  attribute  of  soil,  and  that,  in  the 
case  of  the  infective  diseases,  this  action  or  want  of  action  of  the  soil  can 
but  rarely  influence  the  spread  of  epidemics. 

Much  interest  attaches  to  the  question,  how  do  the  jjreserved  bacteria 
spread  from  the  soil  to  man  %  The  action  of  winds  and  the  blowing  about 
^'  of  bacteria-laden  dust  is  only  conceivable  from  the  superficial  layers  of 
V  very  dry  soils.  In  some  countries,  notably  in  the  East,  and  especially  Avhere 
«xcreta  are  superficially  dug  into  or  carelessly  spread  upon  the  ground,  wind 
•1  action  probably  is  a  more  potent  factor  in  the  spread  of  disease  than  is 
j!  generally  recognised.  Flligge  found  that  typhoid  bacilli,  when  dried  in  thin 
I  layers,  hved  from  five  to  fifteen  days.  In  this  country  and  Europe  generally 
t  the  possibility  of  a  detachment  and  carrying  away  of  soil  bacteria  by 
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currents  of  air  is  only  present  in  the  latter  end  of  summer,  or  in  autumn, 
and  quite  absent  when  rain  renders  the  outer  surface  of  the  earth  moist. 

In  estimating  the  value  of  the  ground  water  and  the  water  derived  from 
it  for  drinking  and  other  jjurposes,  as  means  of  distributing  soil  bacteria,, 
we  must  take  into  consideration  the  enormous  capacity  of  soil  for  retaming, 
as  it  were  in  a  mesh,  even  such  minute  bodies  as  bacteria.    The  soil  is,  in 
fact,  an  excellent  microbic  filter,  and  "  where  there  is  a  thick  layer  of  soil 
above  the  ground  water,  this  mode  of  transport  cannot  come  into  play "  ; 
but  where  the  ground  water  is  only  separated  by  tliin  layers  of  loose  soil 
from  the  surface,  or  when  fissures  or  cracks  permit  a  ready  communication 
between  cesspools  and  wells,  then  the  bacteria  will  pass  from  the  soil  tO' 
man.    Although  the  soil  acts  as  a  good  filter,  holding  back  most  of  the 
organisms,  Dempster  has  demonstrated  that  it  is  possible  for  cholera 
commas  to  be  carried  through  two  feet  and  a  half  of  porous  soil  by  a 
current  of  water.    Occasionally  micro-organisms  may  be  conveyed  from  the 
soil  to  the  domestic  economy  by  articles  of  food  which  grow  in  the  soil  or 
by  animals,  but  such  modes  of  transference  must  obviously  be  the  exception 
rather  than  the  rule. 

The  most  important  result  of  the  presence  of  micro-organisms  in  soil 
appears  to  be  the  carrying  on  of  a  process  of  oxidation  of  the  dead  organie 
matter  that  finds  its  way  into  the  ground,  the  process  of  nitrification  that 
has  already  been  alluded  to ;  the  nitrogen  of  organic  bodies  is  first  turned 
into  ammonia,  and  this  is  successively  changed  into  nitrites  and^  nitrates. 
That  this  action  was  due  to  some  property  residing  in  the  soil  itself  was 
shown  by  the  experiment  of  Schlosing ;  if  a  weak  solution  of  ammonia  is- 
applied  to  a  mixture  of  calcined  sand  and  chalk  and  freely  exposed  to  the 
air,  no  oxidation  will  take  place,  even  after  several  weeks ;  if  then  a  morsel 
of  garden  soil  be  added,  in  a  few  days  nitrites  and  nitrates  will  be  detected. 
This  action  is  entirely  arrested  by  the  introduction  into  the  soil  of  vapour 
of  chloroform,  which  paralyses  all  fermentative  organisms.  Hoppe-Seyler, 
Fleck,  and  other  observers  consider  the  process  to  be  a  purely  chemical  one, 
not  needing  the  presence  of  any  living  agent ;  but  the  fermentative  theory, 
promulgated  by  Schlosing  and  Muntz  and  Warington,  has  the  sanction  of 
WoUny,  Fodor,  Soyka,  and  others.    The  nitrifying  power  of  different  soils 
varies  very  considerably,  depending  partly  on  the  nature  of  the  soil  itself, 
partly  on  the  amount  of  ferment  present  (this  in  turn  depending  both  on 
the  number  and  nature  of  the  micro-organisms),  and  being  affected  also  by 
conditions  of  temperature  and  moisture.    It  appears  to  be  of  the  first  neces- 
sity that  the  soil  should  be  alkaline,  the  carbonates  of  potash  and  lime 
being  the  most  usual  constituents,  and  after  these,  lime  and  magnesia ;  a 
quartz  sand  without  lime  is  unfavourable  to  nitrification.    The  most  favour- 
able temperature  is  37°  C.     The  soil  must  be  moist,  and  must  also  be 
penetrated  by  air ;  the  successful  purification  of  sewage  by  the  method  ot 
intermittent  downward  filtration,  as  compared  with  filtration  from  below 
upwards,  depends  upon  this  ;  by  the  latter  method  the  access  of  air  is  pre- 
vented and  nitrification  retarded.    Along  with  the  oxidation  of  nitrogenous 
organic  matter  into  nitric  acid  proceeds  the  oxidation  of  organic  carbon  into 
carbonic  acid,  the  one  action  being  in  fact  the  complement  of  the  other. 


THE  COMPARISON  OF  DIFFERENT  SOILS. 

In  examining  the  influence  upon  health  of  the  soil  round  any  dwelling, 
it  is  probable  that  the  immediate  local  conditions  are  of  more  importance 
than  extended  geological  inquiries  :  it  is,  so  to  speak,  the  house  and  not  tne 
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regional  Reology  which  is  of  use.  Still  the  general  geological  conditions,  as 
influencing  conformation  and  the  movement  of  water  and  air  through  and 
over  the  "country,  are  of  great  importance.  The  healthiness  of  a  soil 
depends  cliiefly  on  the  following  factors  :—(l)  considerable  slope  and  per- 
meability, so  that  water  runs  off  readily  and  regularly,  rendering  both  the 
.oU  and  the  air  above  it  dry;  (2)  vegetation  not  excessive;  (3)  absence  of 
organic  emanations;  (4)  purity  of  water-supply.  In  reference  to  these 
pomts,  the  different  soils  can  be  thus  critically  examined. 

The  Granitic,  MetamorpMc,  and  Trap  Rocks.— Sites  on  these  forma- 
tions are  usuaUy  healthy  ;  the  slope  is  great,  water  runs  off  readily  ;  the  air 
is  comparatively  dry ;  vegetation  is  not  excessive ;  marshes  and  malaria 
are  comparatively  infrequent,  and  few  impurities  pass  into  the  drinking 
Avater. 

^Vhen  these  rocks  have  been  weathered  and  disintegrated,  they  are  sup- 
posed to  be  unhealthy.  Such  soil  is  absorbent  of  water ;  but  evidence  as  to 
the  effect  of  disintegrated  granite  or  trap  is  really  wanting. 

In  Brazil  the  syenite  becomes  coated  ^vith  a  dark  substance,  and  looks 
Hike  plumbago,  and  the  Indians  believe  this  gives  rise  to  "  calentura,"  or 
i  fever.  The  dark  granitoid  or  metamorphic  trap  or  hornblendic  rocks  in 
]  Mysore  are  also  said  to  cause  periodic  fevers. 

The  Clatj  Slate.— These  rocks  precisely  resemble  the  granite  and  gram- 
t  toid  formations  in  their  effect  on  health.  They  have  usually  much  slope  ; 
f  are  very  impermeable  ;  vegetation  is  scanty  ;  and  nothing  is  added  to  air  or 
t  to  drinking  water. 

They  are  consequently  healthy.  Water,  however,  is  often  scarce  ;  and, 
;  as  in  the  granite  districts,  there  are  swollen  brooks  during  rain,  and  dry 
'  water-courses  at  other  times,  swelling  rapidly  after  rains. 

The  Sandstones. — The  permeable  sandstones  are  very  healthy;  both 
:soil  and  air  are  dry;  the  drinking  water  is,  however,  sometimes  impure, 
I  and  may  contain  large  quantities  of  chlorides,  especially  in  the  New  Red 
!  Sandstone  when  rock  salt  abounds.  If  the  sand  be  mixed  with  much  clay, 
I  or  if  clay  underlies  a  shallow  sand-rock,  the  site  is  sometimes  damp. 

Carboniferous  Formations. — The  hard  millstone  grit  formations  are  very 
:  healthy,  and  their  conditions  resemble  those  of  granite.  The  drinking 
water  is  generally  pure  and  fairly  soft. 

Tlie  Limestone  and  Magnesian  Limestone  Rocks. — These  so  far  resemble 

■  the  former  that  there  is  a  good  deal  of  slope  and  rapid  passing  off _  of  water. 
Marshes,  hoAvever,  are  more  common,  and  may  exist  at  great  heights.  In 
that  case  the  marsh  is  probably  fed  with  water  from  some  of  the  large 

■  cavities,  which,  in  the  course  of  ages,  become  hollowed  out  in  the  limestone 
rocks  by  the  carbonic  acid  of  the  rain,  and  form  reservoirs  of  Avater. 

The  drinking  water  is  hard,  sparkling,  and  clear.  Of  the  various  kinds 
of  limestone,  the  hard  oolite  is  the  best,  and  magnesian  is  the  worst ;  and  it 
is  desirable  not  to  put  stations  on  magnesian  limestone  if  it  can  be  avoided. 

The  Chalk.— The  chalk,  when  unmixed  with  clay  and  permeable,  forms 
a  very  healthy  soil.  The  air  is  pure,  and  the  water,  though  charged  with 
calcium  carbonate,  is  clear,  sparkling,  and  pleasant.  Goitre  is  not  nearly  so 
common,  nor  apparently  calculus,  as  in  the  limestone  districts. 

If  the  chalk  be  marly,  it  becomes  impermeable,  and  is  then  often 
'  damp  and  cold.    The  lower  parts  of  the  chalk,  which  are  underlaid  by  gault 
clay,  and  Avhich  also  receive  the  drainage  of  the  parts  above,  are  often 
very  malarious  ;  in  America  some  of  the  most  marshy  districts  are  on  the 
•  chalk. 

Gravels  of  any  depth  are  always  healthy,  except  when  they  are  much 
below  the  general  surface,  and  water  rises  through  them.    Gravel  hillocks 
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are  the  healthiest  of  all  sites,  and  the  water,  which  often  flows  out  in 
springs  near  the  base,  being  held  up  by  underlying  clay,  is  very  pure. 

Sands. — There  are  both  healthy  and  unhealthy  sands.  The  healthy 
are  the  pure  sands,  which  contain  no  organic  matter  and  are  of  considerable 
depth.  The  air  is  pure,  and  so  is  often  the  drinking  water.  Sometimes 
the  drinking  water  contains  enough  iron  to  become  hard,  and  even  chaly- 
beate. The  unhealthy  sands  are  those  which,  like  the  subsoil  of  the  Lande.s, 
in  south-west  France,  are  composed  of  siliceous  particles  (and  some  iron) 
held  together  by  a  vegetable  sediment. 

In  other  cases  sand  is  unhealthy,  from  underlying  clay  or  laterite  near 
the  surface,  or  from  being  so  placed  that  water  rises  through  its  permeable 
soil  from  higher  levels.  Water  may  then  be  found  within  3  or  4  feet  of 
the  surface ;  and  in  this  case  the  sand  is  unhealthy  and  often  malarious. 
Impurities  are  retained  in  it,  and  effluvia  traverse  it. 

In  a  third  class  of  cases  the  sands  are  unhealthy  because  they  contain, 
soluble  mineral  matter.  Many  sands  (as,  for  example,  in  the  Punjab)  con- 
tain much  magnesium  carbonate  and  lime  salts,  as  well  as  salts  of  the  alka- 
lies. The  drinking  water  may  thus  contain  large  quantities  of  sodium 
chloride,  sodium  carbonate,  and  even  lime  and  magnesian  salts  and  iron. 
Without  examination  of  the  Avater  it  is  imiDOSsible  to  detect  these  points. 

Clay,  Dense  Marls,  and  Alluvial  Soils  generally. — These  are  always  to 
be  regarded  with  suspicion.  Water  neither  runs  off  nor  runs  through ;  the 
air  is  moist ;  marshes  are  common ;  the  composition  of  the  water  varies, 
but  it  is  often  impure  with  lime  and  soda  salts.  In  alluvial  soils  there  are 
often  alternations  of  thin  strata  of  sand  and  sandy  impermeable  clay  ;  much 
vegetable  matter  is  often  mixed  with  this,  and  air  and  water  are  both 
impure.  Vast  tracts  of  ground  in  Bengal  and  in  the  other  parts  of  India, 
along  the  course  of  the  great  rivers,  are  made  up  of  soils  of  this  description, 
and  some  of  the  most  important  stations  even  up  country  are  placed  on  such 
sites. 

The  deltas  of  great  rivers  present  these  alluvial  characters  in  the  highest 
degree,  and  shoidd  not  be  chosen  for  sites.  If  they  must  be  taken,  only 
the  most  thorough  drainage  can  make  them  healthy.  It  is  astonishing, 
however,  what  good  can  be  effected  by  the  drainage  of  even  a  small  area, 
quite  insufficient  to  affect  the  general  atmosphere  of  the  place  ;  this  shows 
that  it  is  the  local  dampness  and  the  effluvia  which  are  the  most  hurtful. 

Cultivated  Soils. — Well- cultivated  soils  are  often  healthy,  nor  at  present 
has  it  been  proved  that  the  use  of  manure  is  hurtful.  Irrigated  lands,  and 
especially  rice  fields,  which  not  only  give  a  great  surface  for  evaporation, 
but  also  send  up  organic  matter  into  the  air,  are  hurtful.  In  Northern 
Italy,  where  there  is  a  very  perfect  system  of  irrigation,  the  rice  grounds 
are  ordered  to  be  kept  14  kilometres  (  =  8-7  miles)  from  the  chief  cities,  9 
kilometres  (  =  5-6  miles)  from  the  lesser  cities  and  the  forts,  and  1  kilometre 
(  =  1094  yards)  from  the  small  towns.  In  the  rice  districts  of  India  this 
point  should  not  be  overlooked. 

Made  Soils.— T\\&  inequahties  of  ground  which  is  to  be  built  upon  are 
filled  up  with  whatever  happens  to  be  available.  Very  often  the  refuse  of 
a  town,  the  cinders  or  dust-heaps,  after  being  raked  over  and  any  saleable 
part  being  removed,  are  used  for  this  purpose.  In  other  cases  chemical  or 
factory  refuse  of  some  kind  is  employed.  The  soil  under  a  house  is  thus 
often  extremely  impure.  It  appears,  however,  that  the  organic  matters  m 
soU  gradually  disappear  by  oxidation  and  removal  by  ram,  and  thus  a  soi 
in  time  purifies  itself.  The  length  of  time  in  which  this  occurs  wiU 
necessarily  depend  on  the  amount  of  impurity,  the  freedom  of  access  of  air, 
and  the  ease  with  which  water  passes  through  the  soil.    In  the  sou  at 
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Liverpool,  made  from  cinder  refuse,  vegetable  matters  disappeared  in  about 
tlu-ee  years;  textile  fabrics  were,  however,  much  more  permanent;  wood, 
^traw,  and  cloth  were  rotten  and  partially  decayed  in  three  years,  but  had 
:iot  entirely  disappeared.  In  any  made  soil  it  should  be  a  condition  that 
the  transit  of  water  through  its  outlet  from  the  soil  shall  be  unimpeded. 
The  practice  of  filling  up  inequalities  is  certainly,  in  many  cases,  very 
objectionable,  and  should  only  be  done  under  strict  supervision. 

In  a  tabular  form,  the  various  soil  formations  can  be  conveniently 
classified,  thus : — 

Soils  in  order  of  Healthiness. 


Primitive  and  meta- 
niorphicrocks  (when 
unweathered), 

Clay  slate, 

Millstone  grit.  Hard 
oolite  formations, 

Gravels  and  loose 
sands,  without  im- 
permeable subsoils, 

Chalk  (not  marly), 


Slope. 


Do. 

Moderate, 

Slight. 


Moderate. 


Permeability 
to  water. 


Do. 
Do. 

Great. 


Do. 

Variable,  but 
usually  con- 
siderable. 
Moderate. 

Do. 

Arrested  by 
subsoil. 


Emanations 
into  air. 


Do. 
Do. 

Do. 
Do. 
Considerable. 


Substances  into 
water. 


Lime  salts ;  a  little 

magnesia. 
Variable,  often  great; 

alkaline  and  earthy 

salts ;  organic  matter. 
Rather  considerable ; 

lime  salts. 
Considerable ;  lime ; 

magnesia. 
Variable,  often  great ; 

alkaline  salts ;  some 

lime. 

Often  great ;  alkaline 
and  earthy  salts ; 
organic  matter. 

Great ;  salts ;  organic 
matter. 


Sandstones  (old  and 
new), 

Limestones  (old  and 
new), 

Magnesian  limestone, 
dolomite,  &c., 

Sands  with  imperme- 
able subsoils, 

Clays,  marls,  mixture 
of  sand  and  clay, 
most  alluvial  soils, 

Marshes  (when  not 
peaty), 


Do. 

Considerable. 
Moderate. 
Slight. 

Do. 

Do. 


Slight. 
Do. 


Do. 
Do. 


Great  usually. 


Slight. 


None. 


Do. 
Do. 

Slight. 


Few. 


Do. 
Do. 

Variable. 


SOIL  m  EELATION  TO  SPECIAL  DISEASES. 

There  are  certain  diseases  of  both  animals  and  man,  with  the  etiology  of 
which  the  soil  or  the  conditions  of  its  contained  air,  water,  and  micro-organ- 
isms, from  time  to  time,  have  appeared  to  bear  some  connection.  The  dis- 
eases are — anthrax,  calculus,  cancer,  cholera,  epidemic  diarrhoea,  diphtheria, 
dysentery,  enteric  fever,  goitre,  lead  poisoning,  malaria,  malignant  oedema, 
phthisis,  rheumatism,  rickets,  tetanus,  and  yellow  fever.  If  recent  state- 
ments are  correct,  possibly  to  these  must  be  added  the  bubonic  plague,  the 
suspected  specific  bacillus  of  which  has  been  observed  by  Yersin  as  present 
in  soil  in  Hong-Kong.  While  in  the  case  of  several  nematoid  worms 
known  to  be  parasitic  to  man,  it  is  probable  that  the  soil  constitutes  their 
normal  habitat,  in  at  least  one  stage  of  their  existence. 

Anthrax. — Known  in  man,  under  the  forms  of  malignant  pustule  and 
woolsorters'  disease,  this  is  a  specific  affection  communicable  to  human 
beings  directly  or  indirectly  from  the  lower  animals,  especially  the  herbivora. 
Of  all  the  pathogenic  micro-organisms,  the  specific  bacillus  of  this  disease  is 
probably  the  one  whose  history  and  characters  have  been  best  worked  out. 
The  anthrax  bacilli  are  straight,  slightly  bent  or  curved  rods,  of  a  com- 
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paratively  large  size,  having  blunt  or  square  ends  and  tending  to  adhere  by 
their  extremities  so  as  to  form  long  chains  or  filaments  in  the  interior  of 
some  of  which  bright  granules  appear.  These  granules  are  spores,  which, 
under  certain  favourable  conditions,  are  capaljle  of  giving  rise  to  the  parent 
bacillary  forms.  The  spores  are  much  more  resistant  to  external  and 
unfavourable  circumstances  than  the  bacilli,  being  specially  able  to  with- 
stand considerable  heat  and  drying.  Besides,  by  the  formation  of  spores, 
anthrax  bacilli  can  multiply  by  a  process  of  fission.  The  chief  importance 
of  the  connection  of  anthrax  with  soil  lies  in  the  fact  that  the  disease  is 
specially  prevalent  in  certain  countries  among  animals  grazing  upon  damp 
soils,  rich  in  humus  during  the  hotter  months  of  the  year.  The  infection  of 
these  animals  is  derived  from  the  presence  of  anthrax  bacilli  in  or  on  the 
soil  surface,  derived  from  a  previous  case  of  the  disease,  either  from  dis- 
charges of  a  diseased  animal  or  from  the  dead  carcass  of  one  which  has 
been  either  carelessly  buried  or  left  to  putrefy  on  the  surface.  Pasteur  has 
suggested  that,  after  the  burial  of  an  animal  dead  from  anthrax,  a  develop- 
ment of  bacilli  into  spores  can  take  place  in  the  soil,  and  that  these  spores, 
being  swallowed  by  earth  worms,  may  in  turn  be  carried  to  the  surface  so 
as  to  be  capable  of  infecting  animals  grazing  thereon.  Owing  to  anthi'ax 
bacilli  never  forming  spores  except  in  the  presence  of  free  oxygen  and  a 
certain  temperature,  this  suggestion  of  Pasteur's  has  been  severely  criticised, 
but  it  is  quite  probable  that  there  is  a  sufficient  amount  of  oxygen  in  the  soil 
pores  to  bring  about  sporulation,  especially  if  we  remember  that  not  only 
are  animals  often  opened  for  examination  after  death  but  also  the  carcass 
is,  as  a  rule,  dragged  along  the  ground  before  burial,  causing  effusion  of 
liquid,  crowded  with  the  specific  bacilli,  into  the  surface  soil. 

The  remedy  for  this  sequence  of  events  appears  to  be  the  immediate 
burial  of  the  carcasses  of  animals  dying  of  anthrax,  unopened  and  deeply, 
when  the  bacilli  will  not  only  fail  to  produce  spores  but  be  themselves  killed 
by  the  putrefactive  bacteria  in  the  course  of  a  short  time.  There,  however, 
remains  the  danger  of  a  possible  infection  of  the  soil  from  discharges  of 
moribund  animals  and  the  subsequent  dissemination  of  the  bacilU  and  their 
resulting  spores  over  fields  by  rain  or  flood.  Their  access  to  drinking  water 
in  this  way  is  not  unknown,  accompanied  by  the  infection  of  human  beings 
as  well  as  of  animals. 

Calculus. — One  of  the  oldest  and  most  universal  theories  concerning  the 
causation  and  prevalence  of  stone  in  the  bladder,  associates  its  frequency 
and  endemicity  in  certain  parts  of  the  world  with  the  subsoil  water,— not 
from  any  peculiar  variations  in  either  its  level,  or  its  quantity,  but  rather 
from  its  quality.  In  so  much,  the  chemical  and  mineral  ingi-edients  of  a 
water  depend  on  the  peculiarities  of  the  soil  through  Avhich  it  passes,  we 
are  justified  and  driven  to  entertain  the  proposition  that  this  disease  is,  m 
some  way,  associated  with  soils  belonging  to  certain  geological  formations. 
The  view  that  certain  properties  inlierent  in  the  drinking  water,  particularly 
hardness,  were  the  real  cause  in  the  formation  of  calculus  has  been  brought 
forward  by  many  observers,  notably  by  Prout  and  Cadge,  to  explain  the 
prevalence  of  the  disease  in  Norfolk  and  the  Eastern  counties  of  England  ; 
by  Roos  in  Russia;  by  Clot  Bey  in  Egypt;  and  by  Balfour  in  India. 
While  admitting  the  general  strength  of  the  arguments  advanced  and  tJie 
imposing  array  of  cases  and  figures  brought  forward  by  these  writers,  we 
are  still  unable  to  ignore  the  fact  that  the  force  of  their  arguments  is  much 
vitiated  by  the  endemic  prevalence  of  calculus  in  many  places,  notwithstand- 
ing the  use  of  a  comparatively  pure  soft  water,  free  from  lime  salts  ;  while, 
in  other  parts,  where  lime  exists  largely  in  the  water,  the  disease  is  either 
rare  or  altogether  absent. 
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In  India,  where  the  disease  is  common  enough,  exjierience  shows  that  the 
■ause  of  it  cannot  be  discovered  in  the  hardness  of  the  Avater.  The  evidence 
from  China  on  this  point  is  jorobably  the  most  marked ;  there  the  disease 
is  extremely  frequent,  but  a  Chinaman  rarely  drinks  plain  cold  water ;  the 
universal  beverage  is  tea,  in  which  the  water  has  been  previously  boiled 
and  nearly  all  lime  in  it  precipitated.  Again,  both  in  Egypt  and  Central 
Africa,  no  connection  seems  to  exist  between  the  disease  and  any  special 
quality  of  the  water.  Referring  to  Europe  generally,  writers  testify,, 
particularly  from  the  Alp  region,  that  there  are  many  localities  with  very 
hard  water  and,  at  the  same  time,  remarkably  free  from  stone ;  as  well  as 
other  places  much  subject  to  calculus,  but  whose  water  is  either  drawn 
from  rain  cisterns  or  from  lime-free  freshets.  On  the  same  point,  Polak, 
quoted  by  Hirsch,  says  of  Persia,  "The  disease  is  met  with  equally  on  the 
marshy  ground  by  the  Caspian,  where  the  drinking  water  is  brackish,  and 
in  association  with  the  highly  calcareous  and  sedimentary  waters  of  Demar- 
send,  Lavistan,  and  Mehelet,  or  the  waters  of  Hamaden,  issuing  from 
volcanic  ground,  or  the  saline  water  of  Koom." 

Apart  from  mere  questions  of  water  analysis,  the  more  we  survey  the 
distribution  area  of  the  disease,  the  more  complex  does  its  relation  to  soil 
appear.  Thus,  in  support  of  the  view  held  by  some  that  chalk  soils  are 
peculiarly  conducive  to  this  affection,  we  find  it  to  be  extensively  prevalent 
on  the  calcareous  and  dolomitic  soil  of  the  basins  of  the  Don  and  Volga ; 
on  the  chalk  soil  of  eastern  English  counties ;  on  the  Jurassic  limestone 
of  the  Swabian  Alps ;  in  the  limestone  districts  of  Cremona  and  Brescia ; 
and  on  the  Jurassic  limestones  of  Canada ;  and  the  recent  limestone  of  the 
United  States.  On  the  other  hand,  we  find  the  disease  is  equally  indigenous 
upon  other  kinds  of  soil,  such  as  the  basaltic  trap  and  tufoid  formations 
in  the  Deccan  and  Mauritius ;  on  the  alluvial  soil  of  Canton ;  on  the 
transition  rocks  in  Cheshire  and  North  Wales ;  and  the  carboniferous  rocks 
of  Yorkshire,  with  the  clay  sand  near  Ostend  and  Dunkirk.  Not  only 
do  we  find  these  discrepancies,  but  others  in  the  fact  that  many  parts  of 
England,  Switzerland,  and  the  West  Indian  Islands,  whose  soil  belongs 
to  the  recent  chalk  and  limestone  formations,  are  relatively,  if  not  quite, 
exempt  from  the  malady.  In  the  face  of  these  facts,  one  is  forced  to  think 
that  neither  the  soil  itself  nor  the  quahties  which  it  gives  to  the  water 
percolating  through  or  issuing  from  it  have  any  true  influence  upon  either 
the  causation  or  prevalence  of  calculous  diseases ;  but  rather,  that  the  real 
etiological  factors  in  the  affection,  so  far  from  being  sought  for  in  any 
exterior  influence,  whether  climatic  or  telluric,  must,  on  the  contrary,  be 
looked  for  in  certain  habits  of  life  and  nutrition,  or  in  congenital  and 
acquired  states  of  individual  metabolism. 

Cancer, — As  the  result  of  various  writers',  more  particularly  of  Haviland's, 
inquiries  into  the  geographical  distribution  of  disease  in  Great  Britain,  an 
increased  regard  has  been  attached,  in  recent  years,  to  the  part  played  by 
telluric  and  topographical  conditions  in  the  etiology  of  cancer.  Haviland 
by  constructing  a  series  of  "  disease  maps  "  from  an  analysis  of  the  statistics 
available  from  the  Registrar-General's  office,  states  that  cancer  shows  "  an 
mfrequency  in  places  characterised  by  elevated  sites  and  limestone  forma- 
tions, or  even  by  sites  subject  to  floods,  but  within  the  immediate  influence 
of  calcareous  rocks,"  but  betrays  a  high  mortality  in  districts  "  associated 
with  flooded,  low-lying,  and  clayey  areas."  He  cites  the  Thames  valley  as 
a  typical  cancer  district  in  all  respects.  Further,  by  assuming  that 
cancerous  diseases  are  due  to  a  micro-parasite  and  that  since  certain  patho- 
-  genic  organisms  are  inhabitants  of  the  soil,  Haviland  is  of  opinion  that  there 
i'  IS  a  probability  that  the  organisms  concerned  in  cancer  production  also  exist 
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in  the  soil,  thriving  more  especially  in  the  alluvial  earth.  Recently,  D'Arcy 
Power  has  endeavoured  to  favour  the  production  of  carcinoma  in  animals 
by  exposing  them  in  various  ways  to  the  influence  of  soil  seeded  with 
minced  cancerous  tissues.  lie  employed  a  soil  which  fulfilled  all  the 
conditions  required  by  Haviland  for  the  successful  propagation  of  cancer, 
assuming,  for  the  sake  of  experiment,  that  the  cancer  germ  existed,  and  that 
a  part  of  its  hfe  was  passed  in  earth.  His  results  were  entirely  negative, 
.both  as  to  the  propagation  of  cancer  from  cancer,  and  as  to  the  probability 
of  the  soil  having  anything  at  all  to  do  with  its  etiology.  Although  there 
is  much  which  is  suggestive  in  Haviland's  views,  we  are  compelled,  in  the 
face  of  the  fact  that  cancer  prevails  in  both  Norway  and  Mexico,  mostly  on 
the  higher  lands,  to  regard  his  data  as  insufficient  for  the  indication  of 
any  true  connection  between  soil  conditions  and  cancer  prevalence :  and 
even  if  true  for  England  and  Wales,  cannot  be  regarded  as  universally 
applicable. 

Cholera. — The  earliest  writers  upon  this  disease  emphasised  its  remark- 
able preference  for  particular  places :  while  the  history  of  each  successive 
epidemic  implies,  besides  an  importation  of  the  contagium,  certain  local 
conditions  which  may  be  either  general  sanitary  defects  or  peculiarities  of 
climate  and  soil.    It  is  now  very  generally  accepted  that  the  particulate 
contagium  of  cholera  is  the  specific  micro-organism  called  the  comma 
bacillus.    This  grows  in  and  liquefies  alkaline  gelatin,  but  not  at  all  in  a 
distinctly  acid  medium.    Its  morphological  and  biological  characters  are 
sufficiently  distinct  to  render  its  diff'erentiation  easy.    Whether  it  is  by  this 
particular  organism  alone,  or  whether  it  is  only  when  in  conjunction  with 
some  other,  as  yet  unknown,  microbe  that  the  symptoms  of  cholera  are 
generated,  the  general  belief  prevails  that  cholera,  in  this  country  at  least, 
is  mainly  spread  by  means  of  the  drinking  water,  though  dissemuiation  may 
occur  in  other  ways,  more  particularly  from  an  "excrement  sodden  earth" 
which  fouls  not  only  water  but  air.    On  the  Continent,  especially  in. 
Germany,  much  importance  has  been  attached  to  movements  of  the  ground 
Avater  in  the  diffusion  of  cholera.    This  has  been  mainly  due  to  the  teach- 
ino-s  of  Pettenkofer,  who  maintained  that  cholera  never  prevails,  as  an 
epidemic,  where  the  soil  is  impermeable  to  Avater,  or  where  the  soil  Avater 
does  not  violently  fluctuate  in  level.    Pettenkofer  admits  the  presence  of  a 
specific  germ  in  the  soil,  which  he  considers  is  only  able  to  virulently  mam- 
fest  itself  when  the  soil  has  been  rendered  suitable,  as  when  the  ground 
Avater,  after  having  risen  to  a  higher  level  than  usual,  begins  to  fall  agam. 
This  sequence  of  events  is  quite  conceivable,  by  either  the  assumption  that 
the  sudden  rise  and  fall  in  ground  water  level  carries  into  wells  some 
orcranic  cholera-producing  matter  from  the  soil,  which  otherwise  could  not 
gain  access  to  water  supplies;  or  by  assuming  that  the  cholera  micro- 
orsanism,  if  present  in  the  upper  soil  layers,  is  merely  awakened  into 
activity  by  warmth  and  moisture,  and  subsequently  becomes  diffused  into 
the  atmosphere,  as  a  drying  zone  of  soil  forms  on  the  faU  of  the  soil  water. 
The  latest  utterances  of  Pettenkofer  emphasise  this  latter  view  for  he  says, 
the  rise  and  fall  of  ground  Avater  are  but  an  "index  of  the  humidity  or 
moisture  of  the  porous  and  permeable  soil  Avhich  overlies  the  ground  water. 
Fodor  at  Buda-Pesth,  has  demonstrated  an  association  of  soil  moisture  ana 
heat,  as  indicated  by  the  fluctuations  of  ground  water  and  rise  tempera- 
ture  with  cholera  prevalence.    Pfeiffer  has  also  noted  a  direct  relation 
betAveen  soil  temperature  at  a  depth  of  3  to  6  feet,  associated  with  soil 
moisture,  and  the  prevalence  of  cholera  epidemics 

Although  these  views  as  to  the  connection  between  cholera  _  outbreaks 
and  variations  in  soil  heat  and  levels  of  soil  Avater  have  not  received  much 
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confirmation  in  England,  still  Lewis  and  Cunningham's  observations,  in  Cal- 
•iitta,  indicate  some  inverse  relation  between  conditions  of  water  level  and 
•holera  prevalence.  The  level  of  the  ground  water  in  Calcutta  is  highest  in 
^leptember  (minimum  of  disease),  lowest  in  May  (maximum  of  disease),  and 
herefore  accords  closely  with  the  inverse  relation  affirmed  by  Pettenkofer. 
L)u  the  other  hand,  no  such  relation  was  found  between  the  cholera  curve  and 
;hose  of  soil  temperature,  and  of  the  amount  of  carbon  dioxide  in  soil  air. 

It  has  been  alleged  that  (for  India  at  least)  no  widespread  epidemic  of 
>holera  can  occur  unless  during  or  after  rain.  This  can  be  readily  under- 
stood if  we  assume,  Avith  Pettenkofer,  that  soil  moisture,  as  distinguished 
from  absolute  dryness  or  saturation,  heat,  aeration,  the  presence  of  the 
specific  germ  and  filth  are  the  essential  earth  conditions  for  the  spread 
;if  cholera.  On  the  other  hand,  rainfaU,  sufficient  to  saturate  the  soil, 
will  tend  to  arrest  the  disease,  however  high  the  temperature  may  be, 
nving  chiefly  to  the  micro-organisms  being  carried  further  from  the  surface 
where  they  are  no  longer  among  favourable  surroundings.  If  rain  merely 
moistens  a  previously  dry  and  foul  soil,  the  other  conditions  being  present, 
it  may  induce  an  outbreak.  Given  a  moist  soil,  prolonged  heat  and  drought 
may  establish  conditions  most  conducive  to  cholera.  It  is  readily  intel- 
ligible, from  these  considerations,  that  low-lying  and  crowded  districts 
invariably  suffer  more  severely  from  cholera,  during  epidemics,  than  those 
it  higher  levels  and  more  sparsely  peopled.  The  former  have  usually  not 
)uly  to  contend  with  their  own  local  impurities,  but,  not  infrequently,  also 
with  those  carried  into  them  by  the  drainage  of  ground  water  from  places 
ibove  them.  A  low  level  in  itself,  however,  is  not  sufficient  for  the 
epidemic  extension  of  the  disease  unless  combined  with  a  comparatively 
liigh  temperature  of  both  air  and  soil. 

It  must  not  be  overlooked  that,  unless  these  various  agreements  between 
L'holera  curves  and  curves  of  soil  heat,  moisture,  and  ground  water  levels 
ire  to  be  regarded  as  mere  coincidences,  an  essential  factor  to  explain  their 
association  with  cholera  prevalence  is  the  presence  in  the  soil  itself  of  the 
-specific  germ.  Assuming  this  to  be  the  vibrio  known  as  the  "comma 
liacillus,"  it  is  interesting  to  find  that  in  no  cholera  epidemic  has  this  micro- 
iganism  been  found  in,  or  isolated  from  the  soil;  though  cholera  commas 
liave  been  repeatedly  demonstrated  to  be  present  in  sand  placed  in  filters  in 
India.  To  those  familiar  with  the  countless  numbers  of  bacteria  present  in 
even  comparatively  clean  soils,  and  the  difficulties  experienced  in  obtaining 
[mre  fractional  cultures  of  particular  forms  from  impure  growths,  this  non- 
isolation  from,  and  failure  to  find  in,  soil  samples  the  cholera  vibrio  will  not 
lie  surprising.  Though  this  micro-organism  has  not  been  found  in  soil, 
many  observations  have  been  made  regarding  its  behaviour  and  fate  when 
introduced  into  soil  samples.  Experimental  facts  indicate  that  choleraic 
l  omma  baciUa  are,  under  ordinary  circumstances,  somewhat  feeble  in  the 
struggle  for  existence ;  and  when  introduced  into  soil  and  water,  of  varying 
iiualities,  so  long  as  these  retain  their  natural  conditions,  they  tend  to  dis- 
appear, mainly  owing  to  the  influence  exerted  on  the  commas  by  other  fungi 
and  schizomycete  organisms.  Cunningham's  experiments,  made  with  garden 
liumus  kept  moist  under  a  bell-jar,  show  a  survival  of  cholera  commas  for 
-ome  forty  days.  If  the  earth  were  much  fouled,  as  by  mixtures  with  faeces, 
the  commas  were  not  recoverable  later  than  five  to  nine  days  :  if  the  faeces, 
1  lefore  mixture  with  the  soil,  were  boiled,  the  commas  were  found  as  late 
as  the  26th  day.  Dempster's  experiments  indicate  that  (1)  in  dry  soils, 
'evaporation  not  prevented,  comma  bacilli  were  alive  on  the  3rd  but  dead 
"n  the  4th  day,  in  white  sand,  in  yellow  sand,  and  in  garden  earth  ;  (2) 
with  a  moist  soil,  evaporation  not  prevented,  they  were  alive  on  the  7th 
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day  in  white  sand,  and  on  the  33i'd  day  both  in  yellow  sand  and  garden 
earth ;  (3)  Avhen  evaporation  was  almost  prevented  they  were  alive  on  the 
28th  day  in  white  sand,  and  on  the  68th  day  in  yellow  sand  and  garden 
earth  ;  (4)  in  dried  soil  they  did  not  live  longer  than  one  or  two  days ;  (5) 
in  white  crystal  sand,  evaporation  alloAved,  the  commas  were  dead  on  the 
30th  day,  the  moisture  present  being  0-66  per  cent. ;  when  evaporation  was 
prevented,  they  were  alive  on  the  174th  day,  the  sand  still  containing  T'l  per 
cent,  of  moisture ;  (6)  in  peat,  comma  bacilla  were  invariably  dead  in  twenty- 
four  hours,  irrespective  of  the  amount  of  moisture  present.  Houston's- 
experimental  investigations  on  inoculation  of  soil  with  particular  microbes 
lead  him  to  infer  that  both  the  spirillum  of  cholera  and  the  Bacillus  pro- 
digiosus  rapidly  decrease  in  number  in  the  surface  layers  of  soil;  that 
the  B.  prodigioms  may  retain  its  vitality  there  for  158  days;  but  Koch's 
vibrio  dies  quickly  or  becomes  so  reduced  in  number  as  to  be  no  longer 
capable  of  being  demonstrated.    This  occurs  to  the  vibrio  in  a  few  days  m 
"  undressed  "  soils ;  in  about  twelve  days  (possibly,  however,  forty  days)  in 
soils  periodically  watered  with  liquid  manure.    The  degree  of  moisture  is, 
therefore,  a  factor  of  the  greatest  importance  in  regard  to  the  retention  of 
vitality  of  these  organisms  in  soil,  and  this  may  be  the  explanation  in  part 
of  the  endemic  and  epidemic  prevalence  of  cholera.    In  Lower  Bengal  the 
soil  is  always  moist,  and  cholera  is  endemic,  but  is  lessened  dunng  the 
heavy  rains  when  the  soil  becomes  saturated;  in  the  Punjab  the  soil  is 
dry  and  epidemics  do  not  occur  unless  some  amount  of  rain  has  fallen  ;  m 
the'  one  case  the  rains  hinder,  in  the  other  they  favour  the  appearance  of 
cholera.    The  difficulty  Avhich  comma  bacilli  appear  to  have  m  surviving 
in  such  media  as  earth  or  water  appears  to  be  mainly  due  to  their  inabHity 
to  form  spores  or  otherwise  assume  a  resistant  form.    It  is  necessary  m 
this  connection,  however,  to  remember  that,  among  the  many  comma  baciUi 
obtainable  from  cholera  dejecta,  there  is,  in  all  likehhood  a  plurality  of 
species  which  do  not  behave  uniformly  in  water,  soil,  and  other  media.  ±5y 
a  due  appreciation  of  this  fact,  it  is  probable  that  niany  experimental 
inconsistencies  may  be  explained:  especially  as  both  Nicati  and  Eeitsch 
have  shown  that  cholera  bacilh  are  capable  of  existing  three  months  m  such 
foul  Avater  as  that  of  the  port  of  Marseilles.  •     .  ,  ,  ■,• 

The  general  evidence  indicates  that  the  specific  bacteria  of  cholera  dis- 
charges Tre  capable  of  a  much  longer  existence  in  the  superficial  soil  layers 
than  has  hitherto  been  supposed ;  and  consequently  it  is  specially  necessary 
to  Ruard  against  pollution  of  the  soil,  and  through  it  against  the  probable 
contamination  of  both  water  and  air.  In  Indi^  all  the  evidence  points  to 
the  soil  as  playing  a  very  large  part  in  the  diffusion  o  choleni  chiefly 
affordincr  a  nidus  in  which  the  comma  bacilli  can  retain  their  vitality,  it  not 
actually°multiply,  for  long  periods.  The  soils  in  which  this  sequence  of 
ever^te  seems  particularly  °to  occur,  are  the  loose  and  partially  mois  sands 
in  the  beds  of  rivers,  and  along  the  sides  of  taiiks  and  other  bodies  of  Av.ter 
used  for  bathing  and  laundry  purposes.  Whde  the  connection  bet^^een 
soil  conditions  and  cholera  prevalence  appears  to  be  true  for  some  locah  es 
particularly  its  areas  of  endemic  prevalence,  the  evidence  is  not  sufficient  ^ 
strong  to  warrant  its  universal  appHcation ;_  m  fact,  as  aviII  be  discussed  la 
a  subsequent  chapter,  the  diffusion  of  the  disease  is  largely  dependent  upon, 
other  factors  than  soil  states.  *  q;„^,.i.«.o  ^rhich 

Diarrhoea.-In  especial  relation  to  that  peculiar  form  of  diarrhoea  Avh  cJi 
w  nrit  to  prevail  epidemically  in  summer  and  autumn,  a  considerable  amount 
yIy2L  ^^^C^^ro.l^  foiW  of  late  years  to  associate  its  coniiej 
tLn  Avith  life  processes  of  micro-organisms  present  m  the  s^n^erficia  soJ 
layers  but  as  yet  not  satisfactorily  isolated.   It  is  of  very  general  knowledge 
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that  diarrlioea  mortality  is  low  in  places  built  upon  solid  rock,  but  high  where 
t  the  soil  is  porous  and  loose,  also  upon  sand  or  a  thick  surface  mould.  Gravel 
(  or  coarse  sand  varies  in  its  relation  to  the  disease  mortality  and  prevalence  in 
proportion  as  the  loose  elements  or  stones  vary.  The  more  gravel  approaches 
t  to  sand  in  its  fineness,  or  to  rock  in  its  coarseness,  so  its  relation  to  diarrhoea 
:i  appears  to  be  greater  or  less.  Clay  soils  do  not  appear  to  be,  in  themselves, 
especially  favourable  to  a  high  diarrhoeal  mortality.  The  marls  are  either 
f  favourable  or  unfavourable  to  diarrhoeal  prevalence  in  proportion  as  they  are 
L  loose  and  permeable  on  the  one  hand,  or  plastic  and  stiff  on  the  other. 

Ballard,  who  was  one  of  the  first  to  indicate  any  possible  connection 
r  between  soil  states  and  diarrhoea  in  this  country,  thinks  that  the  presence 
oof  much  organic  pollution  renders  a  soil  distinctly  more  favourable  to  a 
hhigh  diarrhoea  mortality  than  it  might  otherwise  be :  such  organic  fouling 
meed  not  be  of  a  fsecal  or  excremental  nature.  For  these  reasons,  diarrhoeal 
nmortality  and  prevalence  are  apt  to  be  high  where  dwellings  are  built  upon 
nmade  ground,  upon  the  refuse  of  towns,  upon  reclaimed  areas,  or  upon  the 
>  sites  of  old  market  gardens,  and  in  places  where  the  earth  beneath  and 
around  is  polluted  by  collections  of  liquid  filth  in  cesspits,  or  where  sewage 
lihas  soaked  into  it  from  imperfect  drains,  or  from  the  surface  of  the  ground, 
lit  is  the  opportunities  for  the  collection  of  organic  filth  in  the  fissures  of 
.•certain  kinds  of  rocks  that  seem  to  impart  to  them,  when  built  upon,  a 
t  tendency  to  cause  diarrhoea.  In  discussing  the  influence  of  moisture  of  a 
*soil,  Ballard  remarks  that  excessive  wetness  and  complete  dryness  of  soil 
aappear  to  be  both  unfavourable  to  diarrhoea  prevalence.  The  degree  of 
ihabitual  moisture,  specially  favourable,  is  that  amount  which,  while  being 
nmarked,  is  not  sufficient  to  preclude  the  free  admission  of  air  between  the 
cconstituent  physical  elements  of  the  soil.  Such  a  degree  of  dampness  occurs 
vwhen  the  subsoil  water  stands  sufficiently  near  the  surface  to  maintain  by 
ccapillary  attraction  the  dampness  brought  about  by  previously  greater  near- 
nness  of  the  water  to  the  surface :  or  when  the  soil,  as  in  the  case  of  marls, 
^contains  sufficient  of  the  clayey  element  to  imprison  some  of  the  water 
ssaturating  it  at  some  time  previously.  The  requisite  degree  of  soil  damp- 
nness  may  be  produced  by  floods,  or  from  habitual  surface  soakage,  as  from 
deakage  of  conduits,  sewers,  and  drains. 

One  of  the  most  important  soil  conditions  indicated  by  Ballard,  as  influ- 
Kencing  the  prevalence  of  diarrhoea  in  England,  was  the  temperature  of  the  soil. 

As  the  result  of  many  years  of  observation,  regarding  the  relationship 
ibetween  dian-hoea  prevalence  and  the  earth  temperature  at  depths  of  1  foot 
land  4  feet  from  the  surface,  he  says  that  "the  summer  rise  of  diarrhoeal 
mortality  does  not  commence  until  the  mean  temperature  recorded  by  the 
t4-foot  earth  thermometer  has  attained  somewhere  about  56°  F.,  no  matter 
»what  may  have  been  the  temperature  previously  attained  by  the  atmosphere 
Mor  recorded  by  the  1-foot  earth  thermometer."  The  maximum  mortality 
mom  diarrha3a  appears  not  to  occur  until  quite  a  week  after  the  4-foot 
itthermometer  attains  its  maximum  mean,  and  declines  gradually  with  the 
bdeclme  of  the  temperature  recorded  by  the  same  thermometer.  The  heat 
^lof  the  atmosphere  and  of  the  more  superficial  soil  layers  appear  to  exert  but 
a  subsidiary  influence  upon  diarrhoea  prevalence. 

Very  similar  results  were  obtained  by  the  late  Dr  Tomkins,  who,  at 
Leicester,  for  several  years  recorded  the 'temperature  of  the  soil' at  1-foot 
land  4-feet  levels  during  the  warmer  months.  His  observations  showed 
that  It  18  not  till  the  heat  of  the  earth  at  a  depth  of  1  foot  has  reached 
Jj.,  and  remains  some  4°  lower  than  this  at  4  feet,  that  diarrhoea  be^^ins 
to  prevail  to  any  marked  extent.  Tomkins,  however,  was  disposed"  to 
regard  the  1-foot  temperature  as  the  more  significant. 
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Speaking  generally,  both  Ballard  and  Tomkins  express  a  belief  that 
epidemic  diarrhoea,  as  observed  in  England,  is  due  to  a  soil-bred  organism, 
which,  at  times,  escaping  from  the  earth  becomes  air-borne,  and  thence 
gains  access  to  the  human  body  by  food  or  drink.    This  organism  has  not 
been  isolated  so  far,  neither  is  there  any  definite  evidence  forthcoming  from 
either  the  Continent  or  the  tropics  which  causally  connects  epidemic 
diarrhoea  with  soil  conditions.    We  are  only  too  well  aware  that  fermenting 
and  decomposing  food,  especially  uulk,  may  cause  diarrhoea,  and  tliat,  since 
these  processes  are  mainly  the  result  of  bacterial  action,  these  latter  may  be 
regarded  as  the  fundamental  causes  of  the  disease.    But  it  is  open  to  doubt 
whether  sufficient  evidence  exists  to  show  that  these  organisms  ordinarily 
reside  in,  or  are  at  all  dependent  upon  conditions  of,  the  soil,  to  permit  our 
forming  a  working  hypothesis  upon  these  lines. 

Newsholme's  most  recent  studies  on  epidemic  diarrhoea  show  that  the 
fundamental  condition  favouring  this  disease  is  an  unclean  soil,  the  par- 
ticulate poison  from  which  infects  the  air  and  is  swaUowed  most  commonly 
with  food,  especially  milk. 

Diphtheria.— All  accounts  of  diphtheria  show  a  tendency  on  the  part  ot 
this  disease  to  recur  in  the  same  districts  year  after  year.    The  question 
naturally  suggests  itself,  are  the  reappearances  due  to  a  revival  of  the  con- 
tao-ium  derived  from  previous  outbreaks  in  the  same  place,  or  to  some 
favouring  condition  which  the  place  offers  for  the  development  of  infection 
derived  from  some  other  quarter ;  and  have  these  favouring  conditions  any 
dependence  upon  the  character  and  state  of  the  soiU    As  far  back  as  1858, 
Greenhow  reported  to  the  Medical  Department  of  the  Privy  Council  that 
diphtheria  was  especially  prevalent  on  cold,  wet  soils.    Later,  m  1881, 
Airy  describes  the  localities  affected  as  "for  the  most  part  cold,  wet  clay 
lands,"  but  he  adds  "there  is  evidently  great  variety  m  the  soils  on  wliich 
diphtheria  can  prevail,  for  it  is  found  in  full  force  on  the  chalk  downs  of 
Kent  on  the  loamy  sands  and  clays  of  the  Sussex  weald,  on  the  alluvium 
and  boulder  clay  of  Essex,  on  the  marls  of  the  new  red  sandstone  and  on 
the  slopes  of  the  slate  rocks  of  Wales."    Similar  evidence  was  forthcommg 
at  the  Hygienic  Congresses  of  London  and  Buda-Pesth. 

An  analysis  of  the  innumerable  reports  upon  outbreaks  of  diphth^-ia  in 
various  parts  of  Europe  indicates  that  the  geological  features  of  the  affected 
districts  appear  to  play  a  less  important  part  in  the  incidence  of  the  disease 
than  does  soil  dampness.  This  is  especially  weU  shown  by  Kelly  and 
Barnes  in  their  accounts  of  the  epidemics  occurring  _  in  Sussex  and  the 
Eastern  counties  respectively.  The  latter  shows  that  in  five  parishes,  com- 
prising 1813  inhabitants,  on  a  dry  gravelly  soil,  only  one  outbreak  ot 
diphtheria  occurred  in  eleven  years  ;  Mdiilst  in  twenty-seven  other  parish^, 
with  1400  people  living  on  a  subsoil  of  clay  having  a  percentage  of  water 
in  it  as  high  as  90  per  cent.,  no  less  than  48  outbreaks  occurred  m  the  same 
period.  These  figures  show  the  relative  proportion  of  outbreaks  to  mhabi- 
tfints  as  beine  1  in  1800  on  dry  soil,  and  1  in  300  on  wet. 

1  very  Le^esting  series  of  facts  dealing  with  the  inter-relationslnp 
between  diphtheria  prevalence  at  Maidstone  and  movements  of  the  subsml 
water  are  given  by  Adams.    His  observations,  extending  over  ""^e  J^^ 
show  that  a  strict  concordance  maybe  traced  between  soil  dampness  and 
diphtheria  on  the  one  hand,  and  absence  of  diphtheria  and  soil  dryne  s 
the  other.    But  the  dampness  and  dryness  of  the  soil  ^eP'^^^'^^^^ 
rise  and  fall  of  the  ground  Avater  and  have  their  appropriate  seasons .  so 
ngTs  the  order  of  this  occurrence  is  preserved  health  ^nvi 
Ion"  as  the  soil  is  well  washed  by  the  winter's  high  tide  f^^d  aftenvards 
W  and  aerated  during  the  summer's  low  tide,  all  goes  weU;  but  so  soon 
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■IS  these  salutary  movements  are  arrested  or  tlieir  order  disturbed,  diphtheria 
in-evails,  reaching  its  acme  of  prevalence  when  stagnation  at  a  relatively 
ligh  level  is  most  complete.  For  the  conception  of  this  relationship 
)etween  the  movements  of  the  subsoil  water  and  the  prevalence  of 
liphtheria,  it  is  assumed  that  the  germ  of  the  disorder  resides  in  or  upon 
he  soil,  and  is  liable  to  be  displaced  and  dispersed  along  with  the  subsoil 
lir.  Adams  maintains  that  the  two  chief  agencies  concerned  in  the  dis- 
'liarge  of  the  soil  air  into  the  atmosphere  Ave  breathe  are  reduction  of 
itmospheric  pressure,  which  acts  by  aspiration,  and  rainfall,  which  operates 
)y  compression.  Probably  the  latter  is  by  far  the  more  effectual,  though 
ioth  may  often  act  in  concert.  The  way  rainfall  operates,  especially  when 
;iidden  and  copious,  is  as  follows : — "  The  outside  uncovered  soil,  receiving 
Aie  rain,  becomes  temporarily  sealed  by  moisture,  and  the  underlying 
mprisoned  ground  air  is  driven  downwards  and  laterally  beneath  protected 
)arts,  such  as  are  sheltered  by  buildings,  and  so  finds  an  easy  way  of  escape 
ipwards  tlirough  the  unwetted  surfaces  that  underlie  buildings.  Therefore, 
;he  tendency  for  ground  air  to  be  forced  into  dwellings  depends  upon  the 
^  'elative  proportion  that  the  uncovered  bears  to  the  covered  area." 

Newsholme's  researches  on  the  origin  and  spread  of  diphtheria  caused 
hhim  to  conclude  that  an  epidemic  of  diphtheria  never  originated  in  towns 
land  countries  when  there  had  been  a  series  of  years  in  which  each  year's 
rffainfall  was  above  the  average  amount.  The  greatest  and  most  extensive 
eBpidemics  occurred  when  there  had  been  four  or  five  consecutive  dry  years. 
EDry  years  imply  low  ground  water,  and  in  the  years  of  epidemic  diphtheria 
tbhe  ground  water  is  exceptionally  low. 

In  connection  with  the  foregoing  generaUsations,  it  is  interesting  to  note 
tbhe  actual  behaviour  of  the  diphtheritic  contagium  in  soil. 

The  true  bacillus  of  diphtheria  is  now  recognised  to  be  that  first  described 
bby  Loifler ;  but  we  have  no  actual  proof  that  this  micro-organism  is  either 
lan  ordinary  or  even  occasional  resident  of  the  soil,  or  that  it  becomes  air- 
bborne  in  sewer  gas  or  soil  emanations.  Experiments  show  that  pure  cultures 
oof  this  bacillus,  when  mixed  with  garden  soil,  constantly  moistened  short 
raf  saturation  and  kept  in  the  dark  at  a  temperature  of  14°  C,  will  retain 
tfcheir  vitality  for  more  than  ten  months.  They  die  out  from  moist  soil,  kept 
iat  26°  C,  in  about  two  months :  from  moist  soil,  at  30°  C,  in  seventeen 
Mays,  and  from  dry  soil  at  the  same  temperature  within  the  week.  False 
membranes  from  cases  of  diphtheria,  when  placed  in  soil  under  similar  con- 
Iditions,  appear  to  retain  their  specific  infectivity  for  slightly  shorter  periods. 
I  In  the  kboratory,  absolute  soil  dryness  is  as  distinctly  antagonistic  to  the 
^vitality  of  the  diphtheritic  bacillus  as  soil  dampness  is  favourable. 

These  experimental  results  explain  to  a  large  degree  the  general  absence 
xof  diphtheria  throughout  the  plains  of  India,  and  its  endemic  prevalence  in 
tithe  Indian  hill  stations  and  Europe  generally.  The  peculiar  connection  of 
iBubsoil  water  levels  with  diphtheria  prevalence,  as  emphasised  by  the 
?Experience  of  Maidstone,  is  to  be  largely  explained  by  the  influence  which 
Hihey  have  upon  tlie  greater  or  less  degree  of  soil  dampness.  Both  statisti- 
xcally  and  experimentally,  we  find  that  a  damp  soil  favours  the  life  and 
Idevelopment  of  the  diphtheria  bacillus  ;  while  prolonged  submersion  and 
Wrought  kill  it.  In  the  incidence  of  epidemic  diphtheria,  we  arc  justified  in 
regarding,  in  country  places  at  least,  constant  soil  moisture  as  a  chief  factor ; 
^hile  possibly,  in  the  case  of  urban  outbreaks,  mere  soil  dampness  is  sub- 
ttsidiary  to  other  more  potent  causes. 

Dysentery. — Owing  to  the  curious  analogy  which  exists  between  the 
Ideographical  distribution  of  dysentery  and  malarial  fevers,  and  to  its 
■tendemicity,  if  not  epidemic  difFusion  in  certain  places,  often  within  narrow 
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limits,  a  strong  feeling  has  grown  up  that  telluric  influences  and  general 
states  of  the  soil  are  of  very  special  importance  in  its  production.  A  glance 
at  the  literature  of  its  wide  geographical  distribution  seems  to  sliow  that 
dysentery  can  prevail  independently  of  elevation  and  ground  configuration, 
but  this  conclusion  is  much  vitiated  by  the  transparent  manner  in  which  all 
older  writers  have  included  and  at  times  made  interchangeable  Avith  this 
disease,  all  forms  of  diarrhoea  and  not  a  few  fevers.  When  we  look  into 
details,  and  rigidly  adhere  to  the  question  of  the  presence  or  absence  of  true 
dysentery,  we  find  that,  in  both  tropical  and  sub-tropical  latitudes,  the 
disease  tends  to  prevail  most  on  low-lying,  damp  lands  presenting  much 
decay  of  animal  and  vegetable  matter. 

in  the  tropics,  the  essential  character  of  the  areas  in  which  dysentery 
prevails  in  its  worst  form  is  a  markedly  damp  and  porous  soil,  coupled  with 
heavy  rainfall,  and  a  high  subsoil  water  level.  In  England,  dysentery  has, 
for  many  years,  been  counted  among  the  rarer  diseases  :  when  it  did  prevail, 
it  was  only  in  the  low-lying,  damp  localities  in  which  intermittent  fevers 
were  common.  Since  the  same  have  been  drained,  dysentery,  with  paludal 
fevers  generally,  has  become  an  infrequent  affection.  The  case  of  Millbank 
Prison  is  an  instance  where  small  outbreaks  of  the  disease  were  of  constant 
occurrence,  and  very  generally  attributed  to  emanations  from  the  soil  on 
which  the 'prison  stood,  consequent  on  the  decomposition  of  organic  matter. 
It  is  very  probable,  however,  nofonly  in  the  case  of  the  tropics  but  also  in 
regard  to  Millbank  Prison,  that  the  water-supply  rather  than  the  soil  air  is 
the  determining  factor  in  disease  production.  That  soil,  laden  with  the 
products  of  decomposing  sewage  or  other  filth,  may  by  its  emanations  play 
an  important  part  in  causing  dysentery,  is  shown  by  the  account  given  by 
Paco-e  of  a  series  of  epidemics  which  occurred  in  the  Cumberland  and 
Westmoreland  Asylum  during  1864,  1865,  and  1868:  due  apparently  to 
the  persistent  spreading  out  of  the  seAvage  of  the  institution  upon  adjacent 
land.  ConoUy  Norman  describes  a  similar  case  as  occurring  at  the  Rich- 
mond Asylum,  near  Dublin,  in  1886-87.  , 

Taken  in  conjunction  with  the  fact  that  the  precise  cause  or  virus  ot 
dysentery  is  largely  an  unknown  quantity:  that  the  disease  tends  to 
particularly  prevail  during  war,  famine,  and  other  occasions  of  malnutri- 
tion it  is  probable  that  conditions  of  soil  are  only  indirectly  the  cause 
of  dysentery.  Particularly  is  it  so  in  India,  and  the  tropics  generaUy, 
where  while  a  wet  soil  is  not  itself  a  cause  of  the  disease,  it  becomes 
indirectly  so  as  influencing  the  type  of  climatic  conditions.  _  The  same 
holds  good  for  the  epidemic  occurrence  of  dysentery  under  similar  con- 
ditions in  higher  latitudes.  These  conclusions  aje  not  subversive  of  nor 
inconsistent  with  the  view  that  the  specific  virus  of  dysentery  may  be,  alter 
all,  a  soil  resident— and  gaining  access  to  the  human  subject  either  by  aeria 
emanations  or  through  the  medium  of  drinking  water  and  food ;  but  until 
its  identity  and  life-history  have  been,  more  or  less,  established,  one  must 
Avithholdfrom  anymore  absolute  conclusion  than  that  the  disease  may  be 
conveyed  by  persons  from  infected  places  to  other  localities,  and  th^ 
dysentery  appears  where  dysentery  has  been  before  :  also  that  as  m  cholem 
or  enteric  fever,  there  may  be  an  organism  given  ofi^  in  the  dejecta,  which 
finds  in  the  soil  a  suitable  nidus  for  its  preservation  and  propagation. 

Enteric  Fever.— The  evidence  which  has  been  advanced  in  favour  ot  a 
connection  between  this  disease  and  soil  is  very  shnilar  to  tlmt  ^vh^^^^^^^^^^ 
been  discussed  in  special  reference  to  cholera  and  diplitheria.    Pfttenkoter  s 
observations  on  the'  wells  of  Munich  led  Euhl  to  the  discovery  that  m  tl  a 
citv  there  is  a  very  close  relation  between  the  height  of  the  ground  Abater 
:SlS?e  prevaLce'l.f  enteric  fever  :  the  outbreaks  of  enteric  fever  occurring 
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^vhen  the  soil  water  was  lowest,  and  especially  wlien,  after  having  risen  to  an 
uiiiisiial  heiglit,  it  had  rapidly  faUen.  The  observations  have  been  further 
extended  by  Pettenkofer  with  the  same  results.  The  point  has  been  also 
numerically  investigated  by  Seidel  in  Munich  and  Leipzig  for  the  years 
1S56-64  and  1865-73,  and  from  a  mathematical  consideration  of  the 
numbers  he  concludes  that,  according  to  the  theory  of  probabilities,  it  is 
36,000  to  1  that  there  is,  in  each  period,  a  connection  between  the  two 
ccurrences.  Other  observations  in  Germany  are  confirmatory,  but  in  this 
L  ountry  the  connection  has  not  been  traced.  In  some  outbreaks  of  enteric 
fever  the  ground  water  has  been  rising  and  not  falling.  Fodor  says  that  at 
Buda-Pesth  the  rise  of  enteric  fever  mortality  accompanies  the  rising  ground 
water,  and  the  two  fall  together.  In  other  instances  the  attacks  have  been 
traced  to  impure  drinking  water  or  milk,  or  to  personal  contagion,  and  the 
agency  of  the  ground  water  has  appeared  to  be  quite  negative.  Buchanan 
has  quoted  a  case  in  which  the  sinking  of  the  ground  water  and  the  out- 
l^reak  of  fever  were  coincident,  and  yet  the  connection  was,  so  to  speak, 
accidental,  for  the  efficient  cause  of  the  outbreak  was  the  pollution  of  the 
drmking  water  with  enteric  evacuations.  And  he  also  points  out  that  when 
the  ground  water  lias  actually  been  lowered  in  certain  English  towns  by 
drainage  operations,  enteric  fever  has  not  increased  as  it  should  do,  according 
to  theory,  but  has  diminished,  owing  to  the  introduction  of  pure  water  from 
a  distance.  He  thus  thinks  that,  while  a  connection  between  the  prevalence 
of  enteric  fever  and  sinking  of  the  ground  water  may  be  admitted  to  exist,  it 
is  mdirect,  and  that  the  true  cause  of  the  fever  is  the  impurity  of  the  drinking 
water.  Pettenkofer  has  replied  to  this  view,  and  denies,  from  actual  analysis, 
the  fact  of  the  contamination  of  the  drinking  water  in  enteric  outbreaks.  _ 

The  observations  of  Pettenkofer,  and  the  case  of  the  barracks  at  Neustift, 
recorded  by  Buxbaum,  are  certainly  in  favour  of  the  opinion  that  a  direct 
•onnection  may  exist  in  some  cases  between  the  sinking  of  the  ground  water 
md  outbreaks  of  enteric  fever  ;  but  the  frequency  and  extent  of  the  con- 
nection remains  to  be  determined,  and  in  this  country,  at  any  rate,  the 
'ther  conditions  of  spread  of  enteric  fever  appear  to  be  far  more  common. 

Criticising  these  views  of  Pettenkofer's,  Eanke  has  pointed  out  that  no 
linteric  fever  exists  in  the  neighbourhood  of  Munich  but  what  is  imported 
from  Munich  itself,  although  both  the  soil  and  ground  water  are  the  same. 
-Munich  has  a  soil  consisting  of  fine  sand,  with  a  peculiar  power  of  holding 
I  litrogenous  substances :  it  is  largely  honeycombed  with  cesspools,  from 
which  more  than  90  per  cent,  of  the  contents  soak  into  the  surrounding  soil, 
and,  as  the  streets  are  well  paved,  the  houses  of  the  town  constitute  the 
only  outlets  for  the  foul  soil  air.  A  very  similar  argument,  together  with 
^ome  very  interesting  facts  concerning  the  prevalence  in  Dublin  of  enteric 
Fever,  have  been  brought  forward  by  Sir  C.  A.  Cameron.  For  some  years 
I  persistent  occurrence  of  this  disease  has  existed  in  Dublin,  Avhich  cannot 
lie  accounted  for  either  by  polluted  water,  milk,  or  food,  and  which  has  not 
very  sensibly  decreased  even  after  an  improvement  in  the  water-supply. 
Hir  C.  A.  Cameron  attributes  this  prevalence  to  the  practice,  which  has 
been  in  use  in  Dublin  for  years,  of  storing  excreta  in  pits,  so  that  the  soil 
lias  become  thoroughly  saturated  with  the  specific  organisms  of  the  disease  : 
these,  he  thinks,  are  carried  into  the  atmosphere  by  displacements  of  ground 
air.  According  to  him,  the  ratio  of  cases  to  population,  living  in  Dublin, 
on  a  loose  porous  gravel  soil  for  the  ten  years  1881-91,  was  1  in  94 ;  while 
the  ratio  for  those  living  on  stiff  clay  was  but  1  in  145.  "This  is  Avhat  we 
should  expect,  since  the  movements  of  the  ground  air  are  much  greater  in 
loose  porous  than  in  stiff  clay  soils." 

Baldwin  Latham  endeavours  to  show  that  the  healthiest  periods  {i.e.,  as 
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regards  immunity  from  enteric  fever,  &c.)  are  those  when  the  ground  water 
is  high ;  whereas  low  ground  water  periods,  especially  when  an  exceptionally 
low  period  occurs,  are  the  most  unhealthy.  As  a  rule,  however,  he  says  that 
the  state  of  the  ground  water  is  an  indication  of  the  future  health  ratlier 
than  of  the  present,  the  most  unhealthy  time  being  when  percolation  com- 
mences after  the  lowest  ground  water  period.  Thus  enteric  fever  deaths  at 
Croydon  (1837-86)  are  fewest  in  June,  and  increase  steadily  to  a  maximum 
in  January.  This  corresponds  to  the  observations  of  Durand-Claye  in 
Paris  (1865-69  and  1872-81),  who  has  shown  that  the  deaths  from  enteric 
fever  are  at  their  lowest  in  June,  and  at  their  highest  from  August 
to  November.    These  run  in  some  measure  contrary  to  Pettenkofer's  views. 

No  pronounced  relation  has  been  found  between  the  death-rate  or  preva- 
lence of  enteric  fever  and  the  temperature  or  putrefactive  activity  of  the  soil. 

Assuming  that  there  is  some  connection  between  oscillations  of  the 
ground  water  or  movements  of  the  ground  air  and  enteric  fever,  it  is 
necessary  to  realise  the  entrance  and  existence  within  the  soil  of  a  speciiic 
germ.  This  is  now  accepted  as  being  the  Eberth-Gaffky  bacillus.  j\Iany 
observations  have  been  made  which  show  the  possibility  of  this  micro- 
organism existing  for  considerable  periods  of  time  under  certain  conditions 
of  warmth  and  moisture.  Eobertson  has  shown  that  the  B.  typhosus  can 
grow  very  easily  in  certain  soils,  and  persist  through  the  Avinter  months 
when  the  soil  is  artificially  fed,  which  may  be  effected  by  a  leaking  drain  or 
by  the  access  of  filthy  water  from  the  surface ;  the  micro-organism  will  then 
take  on  fresh  growth  in  the  warm  season.  Cultures  of  B.  typhosus  planted 
at  a  depth  of  eighteen  inches  were  found  to  grow  to  the  surface. 

Martin's  experiments  on  the  growth  of  the  typhoid  bacillus  in  soil 
brought  out  the  following  facts : — 

1.  "  That  the  soils  which  are  favourable  to  the  growth  of  the  typhoid 
bacillus  are  those  which  have  been  cultivated,  more  particularly  soils  of 
gardens  and  the  entourage  of  houses.  In  these  soils  the  bacillus  Avas  found 
alive  after  456  days  ;  this  being  true  for  sterilised  soil  which  Avas  moistened 
throughout  Avith  water.  On  drying  this  soil,  even  Avhen  it  had  become  so 
dry  that  it  could  be  made  into  a  fine  powder,  the  typhoid  bacillus  could  still 
be  obtained  from  it  and  had  retained  its  vegetative  properties,  altliough  it  grew 
more  sloAvly  than  Avhen  obtained  from  the  same  soil  in  its  moist  condition." 

2.  "Virgin  soils,  sandy  or  peaty,  Avhen  sterilised  and  containing  no 
matter  what  portion  of  water,  are  absolutely  inimical  to  the  groAvth  of  the 
typhoid  bacillus." 

3.  "  In  favourable  soils  in  a  moist  condition,  the  bacillus  not  only  greAv  at  a 
temperature  of  37°  C,  but  it  flourished  Avhen  the  soil  Avas  exposed  to 
temperatures  between  3°  and  16°  C."  The  bacillus  not  only  grew  on  the 
surface  but  extended  in  the  depth  of  favourable  soils. 

4.  "  The  groAvth  of  the  typhoid  bacillus  in  soil  in  the  presence  of  other 
bacteria  is  clearly  the  subject  most  important  to  be  considered  from  the 
point  of  view  of  the  conditions  occurring  in  nature."  In  one  experiment 
the  B.  typhosus  appeared  to  live  for  fifty  days  in  the  presence  of  _  other 
bacteria.  Later  investigations  on  the  growth  of  the  B.  typhosus  m  un- 
sterilised  soil  showed  a  marked  contrast  between  the  growth  ot  tins 
organism  in  sterilised  and  unsterilised  soil.  Only  once  was  the  B.  typhosus 
recovered  from  unsterilised  soil  to  Avhich  it  had  been  added,  and  that  was  not 
later  than  twenty-four  hours  after  the  addition.  The  bacillus  ^^isf^PPeai;*;^, 
whether  the  soil  was  kept  at  the  temperature  of  an  outside  slied,  at  tne 
temperature  of  the  laboratory,  or  at  a  uniform  temperature  of  37  U. 

Although  a  vast  amount  of  evidence  has  accumulated,  which  indicates 
the  specific  contamination  of  food  and  drink  as  the  most  frequent  chaimel 
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f  infection  for  enteric  fever,  still  it  must  not  be  overlooked  that  dried 
iteric  excreta,  particularly  when  superficially  buried  in  dry  sandy  soil,  may 
carried  by  the  air  and  distributed  as  dust  upon  food.    This  is  a  point  of 
uportance  in  connection  Avith  the  maintenance  and  management  of  the  dry 
arth  closet  system  in  hot  countries,  like  India :  where  possibly  it  is  a  not 
ifrequent  way  in  which  enteric  fever  is  spread.    Copeman  quotes  a  curious 
ase  from  Von  Giett,  which  illustrates  how  the  soil  may  constitute  a  nidus, 
1  which  the  enteric  germ  may  lie  dormant  for  an  indefinite  period.    "  A  man 
;ho  had  acquired  enteric  fever  elsewhere  brought  it  to  a  village.    His  evacua- 
ions  were  buried  in  a  dung-heap.    Some  weeks  later  five  persons  engaged  in 
emoving  some  of  the  dung  were  attacked  by  the  disease  :  their  discharges 
rare  sunk  deep  in  the  heap.    At  the  end  of  nine  months,  it  was  completely 
leared  out  by  two  workmen,  one  of  whom  fell  ill  of  enteric  fever  and  died." 
Notwithstanding  the  discordance  of  the  facts  noted  from  various  localities 
L  a  reference  to  the  connection  between  the  action  of  either  ground  water  or 
iiix  and  enteric  fever  prevalence,  a  few  authenticated  cases,  like  the  foregoing, 
ikken  in  conjunction  with  results  of  laboratory  experiments,  which  show 
ihe  possibility  of  the  specific  bacilli  being  able  to  remain  alive  some  time 
m  earth,  make  it  diificult  to  deny  the  importance  of  the  soil  as  a  possible 
nreeding-place  of  the  enteric  germ. 

Goitre. — The  view  that  some  causal  coimection  exists  between  this  disease 
imd  soil  is  based  upon  the  marked  influence  which  locality  bears  to  its 
mndemic  prevalence,  coupled  with  the  fact  that  healthy  persons,  coming  into 
ofoitrous  places  from  non-goitrous  localities,  not  unfrequently  contract  the 
iilisease  after  a  longer  or  shorter  stay ;  while,  on  the  other  hand,  removal  from 
Lifoitrous  centres  has  been  found  to  be  one  of  the  most  certain  means  of  either 
nvercoming  the  disease  or  preventing  its  further  development.  From  time  to 
lune,  three  states  of  soil  have  been  credited  Avith  causative  influences  upon  this 
Mection :  these  are,  altitude  and  configuration,  dampness,  and  geological  origin. 

The  general  area  of  distribution  of  goitre  shows  that  the  disease  is  very 
largely,  though  not  exclusively,  endemic  in  mountainous  districts.  The 
bhservations,  made  chiefly  by  Sansome,  that  in  these  endemic  mountainous 
idistricts  the  disease  prevailed  the  most  in  the  deeply-cleft  valleys  receiving 
tittle  sunshine  and  Avind,  and  possessing  a  damp  or  marshy  soil,  gave  rise  to 
H  generally  current  belief  that  a  Avet  soil  had  some  peculiar  influence  upon  its 
siausation.  Though  it  is  true  the  disease  does  largely  prevail  in  valleys  and 
mn  damp,  wet  soils,  still  from  its  frequent  occurrence  in  Avide  and  open  valleys 
and  on  plains  Avliich  are  dry,  this  wet  soil,  the  degree  of  eleA^ation  or  the  con- 
^guration  of  the  ground,  cannot  be  seriously  regarded  as  etiological  factors. 

As  to  Avhether  any  connection  exists  between  the  endemic  occurrence  of 
i^oitre  and  soil  mineral  constituents,  has  been  a  question  hotly  argued  by 
laaany  writers ;  particularly  by  those  who  regarded  its  cause  to  lie  in  the 
aiabitual  i:se  of  Avater  containing  certain  substances,  such  as  calcic  carbonate, 
icnagnesia,  or  even  metalhc  sulphides.  Inasmuch  as  the  jsresence  of  these 
laiinerals  in  the  Avater  depends  on  the  ground  from  Avhich  it  springs  or  over 
khich  it  flows,  it  is  natural  to  conjecture  that  goitre  must  be  associated  in 
Ats  endemic  form  Avith  limestone,  dolomite,  or  metalliferous  soils.  Boussin- 
»?ault  Avas  apparently  the  first  to  call  attention  to  the  significance  of  a 
nxmestone  soil  in  his  researches  upon  the  endemicity  of  the  disease  in  the 
's./ordilleras  of  Ncav  Granada,  and  after  him  came  several  others,  to  be 
followed  eventually  in  1859  by  M'Clelland's  Avork  in  the  district  of  Kumaon 
iJi  Oudh  and  the  Himalayan  slopes.  Similar  investigations  made  in  Savoy 
'^y  Billet  shoAV  that  the  endemicity  of  the  disease  became  most  marked  on 
ithe  Umestone,  magnesia,  and  gypsum  formations.  Other  observers,  notably 
Orange  in  Europe,  Avitli  Gray  and  Greenhow  in  India,  all  confirmed  and 
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amplified  tliese  conclusions :  laying,  however,  particular  stress  upon  tlie 
magnesia,  the  maximiam  amount  of  disease,  according  to  them,  being  found 
on  a  soil  of  dolomite  or  magnesian  limestone.  Tliis  magneso-limestone 
soil  theory  of  the  origin  of  goitre  has  been  fiercely  combated  by  Thomson 
and  Saint  Lager,  who  have  called  attention  to  the  fact  that  although  in 
New  Zealand  the  greater  part  of  the  native  population  live  upon  the  mag- 
nesian limestone,  goitre  and  cretinism  are  entirely  unknown  among  tliem. 
Saint  Lager  advanced  the  view  that  goitre  is  only  endemic  in  regions  with 
metal-yielding  rocks,  and  that  its  occurrence  depends  essentially  upon  the 
presence  of  iron  and  copper  pyrites,  and  that  its  prevalence  on  soils  con- 
taining magnesia  is  explicable  by  the  fact  that  such  soil  is  particularly  liable 
to  contain  those  metallic  sulphides.  This  view  has  lately  found  support  in  the 
inquiries  of  Lebour  on  the  distribution  of  goitre  in  England.  Unfortunately 
for  the  full  acceptance  of  these  views,  in  the  very  districts  of  France  in 
which  iron  sulphides  occur  in  the  largest  quantity,  endemic  goitre  is  con- 
spicuous by  its  absence,  while  the  disease  is  endemic  in  many  parts  of  tliat 
country  where  not  a  trace  of  any  metal  can  be  discovered  in  the  soil. 

In  the  face  of  these  conflicting  theories,  it  is  impossible  to  come  to  any 
definite  conclusion  that  goitre  has  or  has  not  any  relation  to  soil  conditions : 
the  problem  must  be  still  regarded  as  awaiting  solution. 

Lead-poisoning. — It  is  well  knoAvn  that  some  drinking  waters  draw 
from  certain  areas  have  a  remarkable  capacity  for  dissolving  lead  from  the 
pipes  by  which  they  are  distributed.  These  waters  are  commonly  obtained 
from  moorlands  or  high  gathering  grounds  where  peat  is  more  or  less 
plentiful:  they  are  characterised  by  an  acid  reaction,  while  the  non- 
lead-solving  Avaters  are,  on  the  other  hand,  neutral  or  faintly  alkaline. 
Knowing  the  richness  of  peaty  soils  in  complex  acids,  described  under  the 
names  of  crenic,  ulmic,  Immic,  and  apocrenic  acids,  it  is  believed  that  the 
source  of  the  acid,  found  to  be  present  in  lead  solving  waters,  is  the  soil 
through  and  from  which  the  water  is  gathered.  Unfortunately,  very  little 
is  known  of  this  water  acidity,  as  the  amount  is  always  small  ]  but  the 
actual  acid  found  in  the  Avater  of  the  service  pipes  is  not  invariably  the 
same  as  that  to  which  the  acidity  on  the  gathering  grounds  is  due,  some 
chemical  decomposition  apparently  taking  place  as  it  passes  through  the 
mains.  Some  have  suggested  the  acid  to  be  sulphuric  acid,  produced  by 
the  oxidation  of  iron  pyrites  in  the  shale,  so  frequently  found  under  peat 
beds :  in  support  of  this  view  the  evidence  is  not  strong,  while  in  favour  of 
the  opinion  that  it  is  one  of  the  earth  acids  may  be  mentioned  that,  where 
peat  is  most  abundant,  the  acidity  is  greatest.  Evidence  is  slowly  accumu- 
latino-  which  is  very  suggestive  of  the  acid  being  a  product  due  to  the  growth 
of  micro-organisms  in  soil  or  Avater.  That  such  might  be  the  case  Avas 
suggested  by  Power  in  1887,  since  which  date  experiments  have  been  made 
by  Houston,  Avhich,  Avithout  being  absolutely  conclusive,  are  confirmative 
of  the  belief  that  some  micro-organisms  are  obtainable  from  peaty  sods, 
whose  groAA'th  is  accompanied  by  the  formation  of  an  acid,  capable  of 
dissolving  lead.  Further  observations  are,  however,  required  before  the 
subject  can  be  considered  to  be  properly  understood. 

Malaria.— A  moist  soil  influences  greatly  the  development  of  the  agent, 
whatever  it  may  be,  which  causes  the  paroxysmal  fevers.  The  factors 
Avhich  must  be  present  to  produce  this  agent  are  heat  of  soil  (which  must 
reach  a  certain  point  =  isotherm  of  65°  F.  of  summer  air  temperature), 
air,  moisture,  and  some  impurity  of  soil,  Avhich  m  all  probability  is  ot  vege- 
table nature.  The  rise  and  fall  of  the  ground  water,  by  supplying  tiie 
requisite  degree  of  moisture,  or,  on  the  contrary,  by  making  soil  toouiousu 
or  too  dry,  evidently  plays  a  large  part  in  producing  or  controlling  periodical 
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outbreaks  of  paroxysmal  fevers  in  the  so-called  malarious  countries.  The 
levelopmentof  malaria  maybe  connected  either  with  rise  or  with  fall  of  the 
round  water.    An  impeded  outflow  which  raises  the  level  of  the  ground 
vater  has,  in  malarious  soils,  been  productive  of  an  increase  of  paroxysmal 
■vers.    In  the  making  of  the  Ganges  and  Jumna  Canals  the  outflow  of 
large  tract  of  country  was  impeded,  and  the  course  and  extent  of  the 
,bstruction  was  traced  by  Dempster  and  Taylor  by  the  almost  universal 
irevalence  of  paroxysmal  fevers  and  enlarged  spleens  in  the  inliabitants 
long  the  banks.    The  severe  and  fatal  fever  which  prevailed  in  Burdwan, 
n  Lower  Bengal,  for  a  number  of  years,  appears  to  have  been  in  part  owing  to 
he  obstruction  to  the  natural  drainage  from  mills  and  from  blockage  of  water- 
ourses.    In  some  cases  relative  obstruction  comes  into  play;  i.e.,  an  outfall 
aifticient  for  comparatively  dry  weather  is  quite  inadequate  for  the  rainy 
eason,  and  the  ground  water  rises.  At  Pola,  in  Istria,  for  example,  there  are  no 
uarshes,  but  in  the  summer  sometimes  half,  sometimes  90  per  cent.,  of  all  cases 
ire  malarious ;  the  reason  is,  that  a  dense  clay  lies  a  little  below  an  alluvial 
:oil,  and  the  only  exit  for  the  rain  is  through  two  valley-troughs,  which  cannot 
1  '.arry  off  the  water  fast  enough  in  the  wet  season,  from  February  to  May. 

The  opposite  result,  viz.,  an  increased  outflow  lowering  the  subsoil  water, 
laas  been  observed  in  drainage  operations,  and  very  malarious  places  have 
leeen  rendered  quite  healthy  by  this  measure,  as  in  Lincolnshire,  and  many 
warts  of  England.  The  case  of  Boufaric,  in  Algeria,  is  a  good  instance. 
(Successive  races  of  soldiers  and  colonists  had  died  off,  and  the  station  had 
hihe  worst  reputation.  Deep  drainage  was  resorted  to ;  the  level  of  the 
rrround  water  was  lowered  less  than  2  feet.  This  measure,  and  a  better 
tBupply  of  drinking  water,  reduced  the  mortality  to  one-third. 

Although  no  definite  relation  has  been  shown  to  exist  between  the  carbon 
flioxide  in  soil  air  and  malaria,  rainfall,  on  the  other  hand,  appears  to  bear  a 
direct  relationship  to  the  disease,  the  malaria  curve  generally  falling  during 
a:ain,  but  generally  rising  as  dry  weather  sets  in.  The  differences  of  density 
nin  the  soil  air  appear  to  bring  about  an  escape  of  the  malarial  miasm  into 
the  atmosphere,  rather  than  currents  of  atmospheric  air  by  aspirating  the 
tBoil.  It  is  owing  to  its  rarity,  as  compared  Avith  that  of  the  air  above,  that 
Ithe  ground  air  tends  to  rise  into  the  atmosphere  towards  evening  :  and  it  is 
fefter  sundown,  when  the  atmosphere  is  very  generally  j)olluted  by  ground  air, 
Ithat  malarial  infection  most  often  occurs.  These  facts  suggest  the  imjDroba- 
>ibility  of  the  malaria  germ  being  present  in  the  dust  on  the  earth's  surface, 
«but  rather  that  it  is  contained  in  the  ground  air  below  the  surface  :  the  fre- 
iquency  of  malarial  infection  following  digging  up  of  soil  largely  confirms  this. 

There  is  little  evidence  to  show  that  malaria  is  caiised  by  any  mineral 
cconstituents  of  the  ground,  more  particularly  as  it  prevails  upon  soils  of 
OBuch  widely  different  composition  as  alluvial,  sandy,  or  ferruginous  earths,  as 
^well  as  upon  soils  formed  from  the  weathering  of  metamorjihic  rocks. 

If  we  accept  the  microbian  origin  of  the  disease,  a  malarious  soil  will 
depend  not  on  the  nature  of  its  inorganic  constituents  but  upon  the  presence 
fof  those  conditions  which  favour  the  life  of  the  specific  organisms  and  bring 
labout  their  aerial  diffusion.  These  organisms  are  probably  allied  to  the  flagel- 
tlate  protozoa  and  have  been  described  by  Laveran,  Marchiafava,  Celli,  Richards, 
/^Douncilman,  and  Osier  as  the  plasmodium  malaruju.  It  is  an  amoeboid-like 
cbody,  Avliich  appears  to  separate  out  the  pigment  of  the  red  blood-corpuscles, 
tits  spores,  which  eventually  form,  are  found  only  in  the  spleen  and  give  rise 
»to  fresh  amoebae.  These  pass  into  the  blood,  causing  renewed  fever,  the 
mature  of  the  attack  being  determined  by  the  rapidity  with  which  tlie  difi"erent 
tetages  take  place.  So  far,  this  micro-organism  has  not  been  found  in  the  soil, 
cnor  indeed  has  it  even  been  cultivated  outside  the  human  body 
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With  regard  to  so-called  malarious  soils,  the  following  geological  forma- 
tions are  more  particularly  known  to  be  associated  with  the  evolution  of  the 
agent  which  causes  periodical  fevers. 

Marshes. — These  produce  malaria,  except  those  Avith  peaty  soils,  those 
which  are  regularly  overflowed  by  the  sea  (and  not  occasionally  inundated), 
and  the  marshes  in  the  southern  hemisphere,  and  some  American  marshes, 
which,  from  some  as  yet  unknown  condition,  do  not  favour  its  development. 

The  characters  of  well-marked  marshes  are  a  large  percentage  of  water, 
but  no  flooding;  a  large  amount  of  organic  matter  (10  to  45  per  cent.)  with 
variable  mineral  constituents ;  silicates  of  aluminum ;  calcium,  magnesium, 
and  alkaline  sulphates ;  calcium  carbonate,  &c.  The  surface  is  flat,  with 
a  slight  drainage  ;  vegetation  is  generally  abundant. 

The  analyses  of  the  worst  malarious  marshes  show  a  large  amount  of 
vegetable  organic  matter.  A  marsh  in  Trinidad  gave  35  per  cent. ;  the 
middle  layer  in  the  Tuscan  Maremma  30  per  cent.  The  organic  matter  is 
made  up  of  humic,  ulmic,  crenic,  and  apocrenic  acids — all  substances  which 
require  renewed  investigation  at  the  hands  of  chemists.  Vegetable  matter 
embedded  in  the  soil  decomposes  very  slowly ;  in  the  Tuscan  Maremma,  which 
must  have  existed  many  centuries,  if  not  thousands  of  years,  many  of  the 
plants  are  still  undestroyed.  The  sIoav  decomposition  is  much  aided  by  heat, 
which  makes  the  soil  alkaline  from  ammonia  (Angus  Smith),  and  retarded 
by  cold,  which  makes  the  ground  acid,  especially  in  the  case  of  peaty  soils. 

It  would  now  seem  tolerably  certain  that  the  growing  vegetation  cover- 
ing marshes  has  nothing  to  do  with  the  development  of  malaria. 

Alluvial  Soils. — Many  alluvial  soils,  especially,  as  pointed  out  by 
Wenzel,  those  most  recently  formed,  give  out  malaria,  although  they  are 
not  marshy.  It  is  to  be  presumed,  tlrat  the  newest  alluvium  contains  more 
organic  matters  and  salts  than  the  older  formations.  Many  alluvial  soils  have 
a  flat  surface,  a  bad  outfall,  and  are  in  the  vicinity  of  streams  wliich  may 
cause  great  variations  in  the  level  of  the  ground  water.  Mud  banks  also,  on 
the  side  of  large  streams,  especially  if  only  occasionally  covered  with  water, 
may  be  highly  malarious ;  and  this  is  the  case  also  with  deltas  and  old  estuaries. 

The  soils  of  Tropical  Valleys,  Ravines,  Nullahs. — In  many  cases  large 
quantities  of  vegetable  matter  collect  in  valleys,  and,  if  there  is  any  narrow- 
ing at  the  outlet  of  the  valley,  the  overflow  of  the  rains  may  be  impeded. 
Such  valleys  are  often  very  malarious,  and  the  air  may  drift  up  to  the  height 
of  several  hundred  feet. 

Sandy  Plains. — These,  especially  when  situated  at  the  foot  of  tropi.cd 
hills,  and  covered  Avith  vegetation,  as  in  the  case  of  the  "Terai"  at  the 
base  of  some  parts  of  the  Himalayan  range,  often  give  rise  to  malaria.  In 
other  cases,  the  sandy  plains  are  at  a  distance  from  hiUs,  and  are  apparently 
dry,  and  not  much  subjected  to  the  influence  of  variations  in  the  groimd 
water.  The  analysis  of  such  sand  has  not  yet  been  properly  made,  but  two 
conditions  seem  of  importance.  Some  sands,  which  to  the  eye  appear  quite 
free  from  organic  admixture,  contain  much  organic  matter.  Faure  has 
pointed  out  that  the  sandy  soil  of  the  Landes  in  south-west  France  contams 
a  large  amount  of  organic  matter,  Avhich  is  slowly  decomposing,  and  passes 
into  both  air  and  water,  causing  periodical  fevers.  This  may  reasonably  be 
conjectured  to  be  the  case  with  other  malarious  sands.  Then,  under  some 
sands,  a  few  feet  from  the  surface,  there  is  clay,  and  the  sand  is  moist  from 
evaporation.  Under  a  great  heat  a  small  quantity  of  organic  matter  may 
thus  be  kept  in  a  state  of  change.  This  is  especially  the  case  along  the  dried 
beds  of  water-courses  and  torrents ;  there  is  always  a  subterranean  stream, 
and  the  soil  is  impregnated  with  vegetable  matter.  In  other  cases  tJie 
sands  may  be  only  malarious  during  rains,  when  the  upper  stratum  is  moist. 
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jSTorth  points  out  that  the  Roman  Camijagna,  so  notorious  for  tlie  extreme 
revalence  of  malaria,  is  by  no  means  a  plain  in  the  ordinary  acceptation  of 
16  word,  but  is  broken  up  into  valleys,  into  which  run  streams  liable  to 
equent  flooding  and  depositing  large  quantities  of  silt ;  and  that  under- 
ring  the  surface  soil  there  is  frequently  an  almost  impervious  layer  of  tufa, 
iill°of  saucer-like  depressions,  which  hold  water  and  render  the  soil  with 
;hich  they  are  filled  and  hidden,  wet  and  boggy. 

He  attributes  to  the  local  cUmatic  conditions,  produced  by  these  local 
eculiarities  of  configuration  of  the  soil,  the  prevalence  of  malaria,  which  is 
11  so  many  cases  limited  to  a  sharply  circumscribed  area. 

Certain  hard  rocks  [granitic  and  metamorphic),  especially  when  weathered, 
lave  the  reputation  of  being  malarious ;  more  evidence  is  required  on  this 
)oint.  As  Friedel  justly  remarks  of  Hong-Kong,  it  is  not  the  disintegrated 
lanite,  per  se,  Avhich  causes  the  fever,  but  the  soil  of  the  woods  and  dells, 
nd  the  clefts  in  the  rocks,  which  is  derived  from  the  granite,  and  soon 
iUed  with  a  cryptogamic  vegetation. 

The  magnesian  limestone  rocks  which  have  been  subjected  to  volcanic 
ction  have  also  been  supposed  to  be  especially  malarious,  but  the  evidence 
las  not  been  yet  corroborated. 

Iron  Soils. — Sir  Ranald  Martin  directed  attention  to  the  fact  that 
nany  reputed  malarious  soils  contain  a  large  proportion  of  iron.  No  good 
'vidence  has  been  adduced  that  this  is  connected  with  malaria,  but  the  point 
■quires  further  examination.  The  red  soil  from  Sierra  Leone,  which  contains 
iiore  than  30  per  cent,  of  oxides  of  iron,  shows  nothing  which  appears  likely  to 
•ause  malaria.  The  peroxide  of  iron  is  a  strong  oxidising  agent,  readily  yield- 
iig  oxygen  to  any  oxidisable  substance,  and  regaining  oxygen  from  the  air. 
It  may,  therefore,  assist  in  the  oxidation  of  vegetable  matter  in  an  iron  soil. 

In  certain  cases  attacks  of  paroxysmal  fever  have  arisen  from  quite  localised 
conditions  unconnected  with  soil,  which  seem,  however,  to  give  some  clue 
to  the  nature  of  the  process  which  may  go  on  in  malarious  ground. 

Friedel  mentions  that  in  the  Marine  Hospital  at  Swinemiinde,  near 
Stettin,  a  large  day-ward  was  used  for  convalescents.  As  soon  as  any  man 
had  been  in  this  ward  for  two  or  three  days,  he  got  a  bad  attack  of  tertian 
ague.  In  no  other  ward  did  this  occur,  and  the  origin  of  the  fever  was  a 
mystery,  until,  on  close  inspection,  a  large  rain  cask  full  of  rotten  leaves 
and  brushwood  was  found;  this  had  overflowed,  and  formed  a  stagnant 
marsh  of  4  to  6  square  feet  close  to  the  doors  and  windows  of  the  room, 
which  on  account  of  the  hot  weather  were  kept  open  at  night.  The  nature 
of  the  effluvium  was  not  determined. 

Malignant  CEdema. — This  is  a  fatal  disease  of  mice,  guinea-jDigs,  and 
rabbits.  In  man  it  is  commonly  spoken  of  as  progressive  gangrenous  emphy- 
.sema,  being  chiefly  observed  after  compound  fractures  or  wounds,  and  charac- 
terised by  a  rapidly-spreading  oedema  in  which  the  subcutaneous  tissues, 
'  ommencing  at  or  near  the  injury,  get  distended  with  a  clear  reddish  fluid 
•ontaining  bubbles  of  gas.  The  frequency  of  this  aff'ection  following  injuries 
or  wounds  into  which  earth  had  passed  or  come  into  contact,  early  drew 
attention  to  the  connection  between  it  and  soil.  Its  infective  agent  is  now 
known  to  be  a  bacillus  morphologically  similar  to  that  of  anthrax,  but  differ- 
ing from  it  in  being  anaerobic.  The  oedema  bacillus  appears  to  be  widely 
ilistributed,  being  found  in  the  most  varied  putrid  substances,  in  the  bodies 
of  decomposing  animals,  in  faeces,  and  in  every  specimen  of  earth  Avhich  has 
been  impregnated  with  putrefying  matter.  These  bacilli  are  particularly 
found  in  garden  earth,  after  recent  manuring,  where  they  appear  to  be  able 
to  pass  through  their  characteristic  cycle  of  development  as  saprophytes. 
Plague. — Recent  observations  have  shown  that  soil,  under  certain  con- 
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ditions,  may  contain  bhe  virus  of  plague.  But  it  is  doubtful  whether  plague 
bacilli  can  penetrate  far  below  the  surface.  Yersin  stated  that  he  liad 
isolated  from  soil,  at  a  depth  of  5  centimetres,  a  bacillus  whicli  jjresented  all 
the  cultural  characteristics  of  the  true  organism.  Lowson  and  Takaki,  how- 
ever, failed  to  detect  the  plague  bacillus  in  earth.  Okada  obtained  soil  from 
twenty-six  infected  sites  and  inoculated  the  specimens  into  mice.  Of  these, 
fourteen  died  of  plague  and  the  bacillus  was  found  in  their  tissues.  Some  of 
the  specimens  of  soil  were  kept  for  eleven  days  ;  they  nevertheless  produced 
lethal  effects  when  inoculated  into  mice.  The  duration  of  life  of  the  plague 
bacillus  in  soil  appears  largely  dependent  on  the  amount  of  moisture  and  the 
temperature.  When  the  soil  is  dry  and  the  air  temperature  above  20°  C,  the 
bacillus  does  not  appear  to  live  longer  than  seven  days ;  but  when  the  soil  is 
moist  and  the  temperature  of  the  air  below  16°  C,  it  seems  possible  that  the 
bacillus  may  survive  for  several  weeks.  The  existence  of  the  plague  bacillus 
in  earth  cannot  be  doubted,  but  it  is  only  the  soil  of  rooms  in  which  plague 
cases  have  existed  or  in  which  rats  have  died  that  is  likely  to  become  infected. 

Phthisis. — In  some  way  which  is  not  clear,  a  moist  soil  produces  an  un- 
favourable effect  on  the  lungs  :  at  least  in  a  number  of  English  towns  which 
have  been  sewered,  and  in  which  the  ground  has  been  rendered  much  drier, 
Buchanan  showed  that  there  had  been  a  diminution  in  the  number  of 
deaths  from  phthisis.  Bowditch  of  Boston,  U.S.A.,  and  Middleton  of 
Salisbury,  noticed  the  same  fact  some  years  previously.  Buchanan'- 
evidence  is  very  strong  as  to  the  fact  of  the  connection,  but  the  nature  of 
the  link  between  the  two  conditions  of  drying  of  soil  and  lessening  of 
certain  pulmonary  diseases  is  unknown.  The  following  table  shows  tli' 
amount  of  change  in  the  death-rate  from  phthisis  in  twenty-four  of  the 
towns  visited  and  reported  on  by  Buchanan  in  1865-7,  and  pubUshed  in 
Simon's  ninth  and  tenth  reports  to  the  Privy  Council: — 


Town. 


rrevious  Death- 
rate  per  10,000 
from  Phthisis. 


Salisbury, 
Ely, 

Rugby,  . 

Banbury, . 

Worthing, 

Macclesfield, 

Leicester, 

Newport, 

Cheltenliam, 

Bristol,  . 

Dover, 

Warwick, 

Croydon, 

Cardiff,  . 

Merthyr,  . 

Stratford, 

Penzance, 

Brynraawr, 

Morpeth,  . 

Chelmsford, 

Penrith,  . 

Ashby,  . 

Carlisle,  . 

Alnwick,  . 


Degree  of  Change  in  Death- 
rate  from  Phthisis. 


In  Total 
Population. 


44 

-49  p. 

c. 

32 

-  47  p. 

c. 

28 

-43  p. 

c. 

26 

-41  p. 

c. 

30 

-36  p. 

c. 

51 

-  31  p. 

c. 

43 

-32  p. 

c. 

37 

-32  p. 

c. 

28 

-26  p. 

c. 

33 

-22  p. 

c. 

26 

-20  p. 

c. 

40 

-19  p. 

c. 

-17  p. 

0. 

34 

-17  p. 

c. 

38 

-lip. 

c. 

26 

-  Ip. 

c. 

30 

-  5  p. 

c. 

28 

-f  6  p. 

c. 

30 

-  8  p. 

c. 

32 

0 

39 

-  5  p. 

c. 

25 

-1-19  p. 

c. 

32 

+  10  p. 

c. 

28 

+  20  p. 

c. 

In  Females 
between  15 
and  66. 


-48 
-36 
-41 
-22 
-16 
-13 
-25 
-18 
-18 
-10 


-12  p.  c. 

-  4  p.  c. 

0 

-  8  p.  c, 
-f  12  }i.  c, 
-f  11  p.  c, 
+  27  p.  c, 
-10  p.  c 
-Ml  p.  0 
-t-  36  p.  c 


Influence  of  Sewage 
Works  on  Subsoil. 


Much  drying. 

Ditto. 
Some  drying. 
Much  drying. 
Some  drying. 
Much  diyiug. 
Drying. 
Local  drying. 
Some  drying. 

Ditto. 
Local  drying. 
Some  drying. 
Much  drying. 

Ditto. 
Some  recent  drying. 
Some  local  drying. 
No  change. 
No  notable  change. 
No  change. 
Slight  drying. 
No  change. 
Some  drying. 
Drying. 
No  drying. 
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The  importance  of  these  observations  appeared  to  be  so  groat  that 
kichanan  was  directed  by  the  Privy  Council  to  make  a  special  investigation 

I  the  three  south-eastern  counties,  Surrey,  Kent,  and  Sussex,  for  the 
urpose  of  determining  whether  any  relation  could  be  traced  between  the 

evalence  of  consumption  and  the  state  of  the  soil  as  regards  moisture. 

II  instituting  this  comparison,  Buchanan  classified  the  several  districts  as 
aving  mainly  soils  permeable  Toy  moisture,  or  soils  of  such  a  character  that 
•ater  Was  unable  to  escape  from  them,  so  that  they  might  be  called 
'ientive.  He  then  massed  the  fifty  districts  into  which  these  counties  were 
ivided  into  live  groups  of  ten  each,  according  to  the  greater  or  less 
revalence  of  phthisis  in  them,  and  in  this  way  he  obtained  the  following 
ible :— 


Groups  of  Districts. 

Proportion  of  Population  per  1000  residing  on 

Permeable  Soils. 

Retentive  Soils. 

A.  "With  least  phthisis,  . 

B.  With  next  least  phthisis, 

C.  Middle  as  to  phthisis,  . 

D.  With  more  phthisis,  . 

E.  With  most  phthisis,  . 

909 
877 
795 
792 
642 

91 
123 

205 
208 
358 

An  exact  comparison  between  retentive  and  permeable  soils  in  regard  to 
he  prevalence  of  phthisis  was  afforded  by  a  limited  area,  the  Wealden, 
ihich  in  part  is  formed  by  the  Weald  clay,  in  part  by  the  Hastings  beds  of 
Iternate  sands  and  clays.  There  are,  indeed,  no  districts  wholly  of  sand 
0  contrast  with  others  wholly  of  clay ;  but  there  are  great  differences  in  the 
iroportion  of  the  two  soils  in  different  districts.  Hoav  closely  these  cor- 
espond  with  differences  in  the  consumption  death-rate  appears  from  the 
ollowing  table,  in  which  the  districts  are  arranged  in  order  of  the  death-rate 
lom  phthisis,  those  being  placed  highest  in  which  it  is  least.  "Where  there 
re  gravels  over  the  Weald  clay,  the  figure  is  divided  between  the  last  two 
(jlumns,  it  being  presumed  that  they  occupy  an  intermediate  position. 


District 
in  Order  of  Phthisis 
Death-rate. 


Hastings, 

Cranbroolc, 
\  East  Grinstead, 
I  Tunbridge, 
/  Hanibledon, 
\  Battle,  . 
(  Kye, 

•  .Maidstone, 
(  Cuckfleld, 

Uckfii-Id,  . 
(  Hailsbam, 
I  Ticohurst, 

Tenterden, 

Horsham, 

Petworth, 


Percentage  of  Population  Resident  on 


Higher  Beds,  mostly 
Lower  Greensand. 


Sands. 


49 


48 
21 


30 


Clays. 


Weald  Clays. 


With 
Gravel. 


24 
20 


45 


Without 
Gravel. 


12 
7 
31 


11 
25 
1 
34 

29 
56 
70 


Hastings  Beds. 


Sands. 


95 
84 
82 
64 

SO 
79 

48 
82 
61 
67 
42 
44 


Clays. 


5 
9 
6 
4 

20 
17 

'5 
17 
4 
33 
29 


Total  on 

Sands  aud  Half 
Gravels  over 
Weald  Clay. . 

Clays  aud  Half 
Gravels  over 
Weald  Clay. 

95 

5 

84 

16 

82 

18 

76 

24 

59 

41 

80 

20 

79 

21 

66 

24 

69 

31 

82 

18 

61 

38 

67 

33 

42 

68 

44 

56 

30 

70 
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Buchanan's  conclusions  have  been  subjected  to  much  criticism,  notably 
by  Kelly,  the  Medical  Officer  of  Health  for  East  Sussex,  who  has  expressed 
doubts  of  there  being  any  intimate  relation  between  dampness  of  the  soil 
and  phthisis.  He  finds  that  in  the  years  1861-70,  the  order  in  which  the 
several  districts  have  to  be  placed  in  regard  to  their  death-rates  from 
phthisis  is  different  from  that  given  by  Buchanan  for  1851-60.  He  points 
out  that  most  of  the  impervious  beds  are  to  the  north  of  the  South  Downs, 
and  that  consumption  seems  most  common  in  places  Avhich  are  bleak  and 
exposed  as  well  as  damp.  He  insists  on  the  fact  that  in  West  Sussex  (as 
indeed  throughout  England  and  Wales)  there  has  been  of  late  years  a  great 
decrease  in  the  mortality  from  consumption,  although  there  has  been  no 
change  in  the  drainage  of  Sussex.  Kelly  is  inclined  to  attribute  it  mainly 
to  the  progress  which  has  taken  place  in  the  social  state  of  the  rural  popu- 
lation. These  more  recent  inquiries,  when  contrasted  with  Buchanan's 
earlier  ones  for  the  same  localities,  do  not  so  much  indicate  the  earlier  con- 
clusions to  be  wrong,  as  that  all  varieties  of  soil  being  now  equally  healthy, 
tlie  cause  of  the  phthisis  which  still  occurs  has  to  be  sought  for  in  other 
directions  than  soil  dampness. 

It  is  probable  that  dampness  is  merely  one  of  the  many  factors  which 
are  concerned  in  causing  a  predisposition  to  ]3hthisis.  On  low-lying,  damp 
soils  colds  and  catarrhs  are  notoriously  more  common  than  on  high  and  dry 
situations,  and  the  tubercle  bacillus,  which  is  the  exciting  cause  of  phthisis, 
finds  a  favourable  nidus  in  these  cases.  We  have  no  reason  to  tliink  that 
soil  in  any  particular  condition  affords  a  more  favourable  medium  for  the 
preservation  of  the  bacillus  than  do  other  materials.  Even  admitting  that 
soil  dampness  may  favour  the  prevalence  of  phthisis  by  tending  to  lessen 
the  resistance  of  the  individual  to  the  specific  bacillus,  it  is  obvious  that 
many  other  conditions,  such  as  overcrowding,  poverty,  ill-feeding,  and 
general  neglect  of  children,  may  all  equally  exercise  a  powerful  influence  on 
phthisis  mortality. 

Eheumatism.— In  respect  of  soil  influences  it  is  necessary  to  make  a 
distinction  between  chronic  rheumatism  and  acute  rheumatism  or  rheumatic 
fever.  It  is  well  known  that  the  clironic  rheumatic  diseases  prevad  most 
in  deep  and  damp  valleys,  along  sea-coasts,  the  shores  of  rivers,  and  m 
places  which  are  much  exposed  to  wind,  matever  connection  chrome 
rheumatism  and  allied  affections  may  have  to  sod  states,  is  probably  only  m 
so  far  as  altitude,  configuration,  and  physical  characters  of  the  soil  affect  the 
climate  of  particular  places.  Of  all  soil  conditions,  dampness  is  that  wluch 
will  be  most  likely  to  predispose  to  chronic  rheumatism,  because  it  makes  a 
locality  cold  ;  and  this  is  particularly  likely  to  occur  on  clays  m  low-lymg 
districts.    Beyond  this  general  statement  we  cannot  go. 

As  relates  to  acute  rheumatism  or  rheumatic  fever,  the  facts  are  not  so 
simple  The  tendency  of  modern  thought  is  to  regard  rheumatic  fever  as  a 
specific  febrile  disease  dependent  upon  a  specific  micro-organism.  A  study 
of  its  epidemic  prevalence  shows  that,  at  intervals  of  a  few  years,  rheumaUc 
fever  tends  to  prevail  epidemically.  These  epidemics  occur  in  or  just 
following  years  of  sparse  rainfall.  This  produces  its  effect  by  its  influence 
in  causing  a  warm  and  dry  subsoil,  usually  with  an  exceptionally  Ida 
ground  water.  From  this  point  of  view,  rheumatic  fever  is  esseiitiallj  a 
soil  disease,  having  close  relationships  ^vith  erysipelas  and  other  septicemic 
diseases.  The  explanation  of  the  epidemic  prevalence  of  rheumatic  feAer, 
as  well  as  erysipelas  and  puerperal  fever,  Hes  m  the  favourmg  influence 
o  Tdry  and  wLn  subsoil  on  the  specific  contagia  of  the  three  disease^; 
Whether  these  contagia  are  alternately  parasitic  and  saprophytic,  or  eacn 
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ijase  implies  a  fresh  infection  from  the  soil,  is  still  doubtful.  It  is  notice- 
Lible  thcat  the  conditions  of  soil  producing  rheumatic  fever  and  chronic 
irheumatism  appear  to  be  almost  exactly  opposed  to  each  other.  The 
eieasonal  distribution  of  the  two  diseases  is  also  dissimilar. 

Eickets. — Although  most  authorities  are  agreed  that  this  disease  is 
lorimarily  a  disorder  of  nutrition,  the  outcome  of  either  hereditary  taint  or 
defective  and  improper  food  in  early  life,  still  the  remarkably  definite 
relation  Avhich  rickets  appears  to  bear  to  climate  has  induced  some  writers 
.0  think  it  is  in  some  manner  dependent  on  the  nature  of  soil.  Hirsch  has 
ffsry  clearly  shown  how  countries  with  a  cold  and  wet  climate,  subject  to 
rf'requent  changes  in  weather,  are,  if  not  the  exclusive  home  of  rickets,  at 
«east  its  headquarters.  Oppenheim,  arguing  from  its  frequency -on  marshy 
lalains  or  in  valleys,  has  suggested  that  it  is  in  some  way  related  to  malaria ; 
ispeciaUy  as  it  is  rarely  met  with  where  the  soil  is  dry  or  at  great  altitudes. 
t!t  is  doubtful  whether  these  facts  are  anything  more  than  coincidences  : 
uven  if  not  so,  much  more  evidence  must  be  produced  before  soil  can  be 
lightly  regarded  as  in  any  way  directly  influencing  the  etiology  of  rickets. 

Tetanus. — Formerly,  a  distinction  was  made  between  a  traumatic  and 
an  idiopathic  form  of  this  disease  ;  but  at  the  present  time,  the  belief  pre- 
u'ails  that  tetanus  only  results  from  traumatic  infection.    The  agent  which 
inroduces  this  afi'ection  is,  like  that  of  malignant  oedema,  an  anaerobic 
wacillus,  frequently  present  in  garden  and  other  soil.    Nicolaier  was  the 
rirst  to  demonstrate  that  when  soil  from  gardens,  roads,  or  fields  was  sub- 
uutaneously  inoculated  into  guinea-pigs  and  mice,  symptoms  identical  -with 
tetanus  were  induced.    The  researches  and  experiments  of  Bassano  have 
e.emonstrated  the  wide  distribution  of  the  tetanus  germ  in  soil,  besides 
iiadicating  that  neither  climate  nor  meteorological  conditions  have  much 
ihfluence  on  the  life  of  this  micro-organism.     The  extensive  presence  of 
lite  tetanus  bacilli  in  soil  explains  Avhy  tetanus  is  more  common  after 
crounds  on  the  hands  and  feet  than  on  any  other  part  of  the  body  ;  and 
■b-hy  it  is  more  frequent  amongst  children  who  play  about  barefooted  than 
ongst  adults.    Gardeners  and  grooms  are  especially  liable  to  it.  The 
eculiar  frequency  with  which  grooms  and  others,  in  contact  Avith  horses, 
rtre  attacked  with  tetanus,  has  induced  Verneuil  to  think  that  the  disease  is 
f  equine  origin  ;  and  that  horse  dung  is  the  most  potent  source  of  tetanus 
i&issemination.    Verneuil's  views  are  largely  supported  in  France,  although 
negative  evidence  comes  from  the  New  Hebrides  to  the  effect  that  though 
>iorses  are  unknown,  yet  tetanus  is  very  common  there.    In  regard  to  this 
aontroversy  as  to  the  equine  origin  of  tetanus,  ITocard  has  aptly  remarked, 
t  to  pretend  that  the  tetanic  action  of  soil  is  due  to  the  dung  of  horses, 
laore  than  to  that  of  oxen  or  sheep,  is  to  say  that  tetanus  is  more  frequent 
I  a  the  country  than  in  the  towns,  where  horses  are  much  more  numerous,  a 
itatement  absolutely  contrary  to  the  facts."    Although  we  cannot  accept  the 
"iquine  theory  of  the  origin  of  tetanus,  we  must  take  care  not  to  err  too 
auch  the  other  way  and  attribute  its  causation  exclusively  to  soil.  We 
Qust  admit,  the  evidence  points  to  the  soil  as  being  the  chief  medium  of 
tonveying  infection;  still  the  tetanus  bacillus  can  exist  in  or  on  other 
articles  and  places,  such  as  the  coat  of  a  horse  or  other  animal,  in  hay,  on  a 
^sasty  nail,  or  on  surgical  and  veterinary  instruments. 

Yellow  Fever. — The  whole  history  of  yellow  fever  goes  to  show  that 
Aough  at  one  time  and  another  its  diffusion  has  been  wide,  still  its  native ' 
iabitat  is  much  less  extensive.    The  extent  of  its  diffusion  indicates  an 
hdependence  of  geological  origin  of  soil.    On  the  other  hand,  the  preval- 
<noe  of  the  disease  along  the  banks  of  tropical  rivers,  which  are  dry  at  certain 
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periods,  and  in  the  low  parts  of  tropical  seaports,  particularly  those  ahut- 
ting  on  or  overhanging  harbours,  stagnant  waters,  or  foul  foreshores, 
clearly  defines  the  existence  of  a  porous,  loose,  and  periodically  saturated 
soil  as  being  a  constant  concomitant  of  yellow  fever. 

No  evidence  appears  to  be  available  regarding  the  microscopic  life 
present  in  soils  of  these  kinds,  neither  are  there  any  data  Avhich  show 
that  soil  temperature,  taken  alone,  has  any  bearing  upon  the  occurrence  of 
this  peculiar  disease  in  its  endemic  home.  Although  we  do  not  know 
exactly  what  is  the  infective  agent  of  yellow  fever,  yet,  judging  from  its 
analogy  to  other  infective  diseases,  such  agent  is  in  aU  hkehhood  a  micro- 
orcranism  :  and  that  this  microbe  is  a  soil  resident  is  suggested  by  a  curious 
incident  Avhich  occurred  near  Lima  in  1880.  A  number  of  troops  were 
en^a^ed.  in  throwing  up  an  earthwork,  which  involved  the  digging  up  of 
an°old  cemetery,  in  which  victims  of  an  antecedent  epidemic  had  been 
buried.  Within  a  week  over  50  per  cent,  of  those  engaged  upon  the  work 
were  attacked  by  yellow  fever.  •  ■  * 

The  philosophical  and  remarkable  theory  regarding  the  peculiar  origin  of 
this  disease,  as  elaborated  by  Creighton  from  the  forgotten  writings  of 
Audouard,  has  a  direct  interest  and  bearing  upon  the  connection  between 
the  affection  and  soil  processes.    The  Audouard-Creighton  theory  of  the 
evolution  of  yellow  fever  is  that  its  advent  into  the  world  coincided  with 
the  rise  of  the  slave  trade,  and  that  its  habitat  has  been  and  is  the  ports  oi 
debarkation  of  these  slaves.    It  is  perfectly  well  known,  from  the  ^v'ritmgs  , 
of  both  Lind  and  Bancroft,  that  the  slaves  on  the  slave  ships  did  not  suffer  i 
from  yellow  fever,  but  much  from  dysentery.    According  to  Audouard,  i 
vellow  fever  originated  at  all  its  endemic  centres  from  the  filth  of  tfie  slave  i 
ships,  which  filth  was  the  putrid  dysenteric  discharges  of  the  sick  negro 
Eegarded  in  this  light,  yellow  fever  has  been  given  us  m  the  dejecta  ot 
another  race,  which,  brought  in  considerable  quantities  m  the  Mges  of 
ships  to  ports,  has  there  been  discharged  into  harbour  mud  and  soil,  ifie 
scoSrings  of  these  ships,  fermenting  and  multiplying  ^^."^^rWo^v 
shore  mud,  has  generated  a  specificaUy  poisonous  virus  which  has  been  only 
too  readily  carried  from  harbour  to  harbour.    In  connection  with  tl^^^  y^^' 
it  is  curious  to  note  the  fact  that  yellow  fever  is  most  persistent  at  places 
where  there  has  been  least  cleansing  of  harbours  beach,  or  foreshore 
the  natural  action  of  the  tides,  or  where  much  stagnation  of  t^e  harbom 
water  exists,  as  in  places  like  Havana,  Port  Royal,  Bridgetown,  and  Port- 

""""'^Stemberg  has  investigated  the  bacteriology  of  yellow  fever.    One  of 

orcranisms  isolated,  which  he  caUed  the  Bacillus  x,  appeared  to  have  some 

:^^JS2i^to  the  disease.    Sanarelli  in  1897,  isolated  an  orgamsm. 

the  Bacillus  ideroides,  which  he  considers  to  be  the  ^ 

Until  we  know  more  as  to  what  is  the  nature  of  the  yellow  f^v^r   "^s.  ^ 

must  leave  it  an  open  question  as  to  how  far  the  soil  acts  as  onlj^a  nidus 

Sr?t.  or  how  far  it  exercises  any  specific  influence  on  its  g-f  J 

As  in  the  case  of  the  other  infective  diseases,  it  is  probable  that  the  sou 

oni;  finishes  a  suitable  medium  in  which  the  yeUow  fever  p^^^^^^^^ 

remain  and  multiply,  and  that,  of  itself,  the  soil  is  quite  devoid  of  any 

special  vitalising  influence  upon  the  cause  of  the  disease. 
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THE  BACTERKDLOGICAL  EXAMINATION"  OF  SOIL. 

It  has  already  been  indicated  that  most  soil  samijles  are  exceedingly  rich 
u  bacteria  :  the  majority  of  these,  as  agents  of  putrefaction  and  nitrification, 
ilay  a  distinctly  beneficial  part  in  nature :  a  few  others,  which  are  patho- 
;enic  to  both  animals  and  man,  appear  to  be  possessed  of  less  obvious 
dvantages.  Though  the  presence  of  even  large  numbers  of  micro-organ- 
snis  in  an  earth  sample  is  not  necessarily  an  indication  of  its  being  either 
insuitable  for  a  building  site,  or  as  a  source  of  water-supply,  still  the 
•ecognition  and  differentiation  of  various  species,  in  some  cases,  is  im- 
lortant.  Such  a  procedure  is  obviously  one  of  considerable  difficulty, 
nvolving  great  care  and  patience;  and  before  anything  of  a  pathogenic 
lature  could  be  definitely  stated  to  be  present  or  not,  necessitates  the 
solation  of  various  colonies,  the  application  of  various  methods  of  culture, 
taining,  and  even  experimental  inoculations  on  animals. 

To  obtain  a  cultivation  of  the  microbes  in  soil,  a  sample  of  the  latter 
aust  be  carefully  triturated.  It  may  then  be  shaken  up  with  distilled 
i-ater,  and  from  this  a  measured  quantity  transferred  to  sterilised  bouillon 
r  to  melted  gelatine  from  which  a  plate  culture  is  made.  In  such  a  plate 
ulture,  by  means  of  a  suitably  ruled  glass  plate  and  divided  into  centi- 
aetre  squares,  it  is  easy  to  count  the  number  of  colonies  Avhich  develop  in 
given  area,  and  from  them  calculate  the  number  of  bacteria  that  were 
riginally  present  in  the  given  sample  of  earth.  For  the  differentiation  of 
■articular  species,  the  individual  colonies  should  be  examined  by  cover 
lass  preparations,  and  by  fractional  cultivation  upon  gelatine,  potatoes,  and 
ther  media. 

In  order  to  isolate  a  specific  bacillus,  such  as  the  B.  typhosus,  a  portion 
f  the  soil  should  be  incubated  in  a  broth  tube  at  37°  C.  The  contents  of 
he  tube  should  then  be  brushed  over  the  surface  of  agar  plates,  and  the 
•  ilonies,  which  develop,  studied  in  the  usual  manner. 


THE  PHYSICAL  AND  CHEMICAL  EXAMINATION  OF  SOIL. 

Though  more  often  required  for  agricultural  than  for  hygienic  pur- 
ses, a  complete  examination  of  a  soil  shoidd  include  the  foUowino- 
i  »mts : —  ° 

Mechanical  Condition.— The  degree  of  density,  friability,  and  penetration 
y  water  should  be  determined  both  in  the  surface  and  subsoil.  Deep 
oles,  6  to  12  feet,  should  be  dug,  and  water  poured  on  portions  of  the  soil 
loies  should  be  dug  after  rain,  and  the  depth  to  which  the  rain  has  pene- 
ated  observed.  In  this  way  the  amount  of  dryness,  the  water-level,  and 
Hj  permeability  can  be  easily  ascertained. 

The  surface  or  subsoil  can  also  be  mechanically  analysed  by  takinc.  a 
nghed  quantity  (100  grammes),  drying  it,  and  then  picking  out  all  the 
nge  stones  and  weighing  them,  passing  through  a  sieve  the  fine  particles, 
na  hnally  separating  the  finest  particles  from  tlie  coarser  by  mixin"  with 
ater,  allowing  the  denser  particles  to  subside,  and  pouring  off  the"  finer 
yended  particles.  The  weight  of  the  large  stones,  plus  the  weight  of 
e  stones  in  the  sieve  and  of  the  dried  coarser  particles,  deducted  from  the 

loLlZ-v  ^r^^  °^        fi^-^^y  ^i^i^i^c^  substance,  which  is 

robably  silicate  of  aluminium. 

Temperature.~The  temperature  at  a  depth  of  2  or  3  feet,  at  two  to  four 
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o'clock  in  the  afternoon,  would  be  an  important  point  to  determine  iri  the 
tropics,  and  also  the  temperature  in  early  morning. 

Hygroscopic  Moisture. — Place  5  grammes  of  air-dry  soil  in  a  flat-bottomed  \ 
and  tared  platinum  dish  :  heat  in  an  air  bath  to  45°  C.  for  eight  hours :  j 
cool  and  weigh  :  repeat  the  heating,  cooling,  and  weighing  at  intervals  of  i 
an  hour  till  constant  Aveight  is  found,  and  estimate  the  moisture  by  the  ; 
loss  of  weight.    Weigh  rapidly  to  avoid  absorption  of  moisture  from  the 

'  Water  Holding  Power.— h\  the  throat  of  a  clean  3-inch  glass  funnel 
place  a  very  small  filter,  just  large  enough  to  prevent  the  soil  from  running 
throuoh  the  stem :  wet  the  filter  and  add  100  grammes  of  the  air-dried  soil: 
from  a  burette  pour  water  on  the  soil,  till  it  is  thoroughly  wet  and  a  few 
drops  pass  through :  let  it  stand  undisturbed  till  no  more  water  flows  from 
the  soil  the  funnel  being  covered  Avith  a  glass  plate  to  prevent  evaporation. 
Return  the  water  which  has  filtered  through  to  the  burette.  The  number  of 
c  c  taken  up  by  the  soil  will  show  the  percentage  capacity  of  the  soil  to  hold 
Avater  In  using  this  process,  in  order  to  secure  uniform  results,  the  soil 
should  be  simply  poured  into  the  funnel  and  not  pressed  or  packed  m  any 
Avay     The  soil  should  not  be  handled  or  shaken. 

GapiLlary  Po?«er.— This  is  determined  by  fiUing  a  long  glass  tube  Avith 
soil  placing  the  lower  end  in  water,  and  marking  the  height  to  Avhich  the 
water  ascends,  as  shown  by  the  changed  colour  of  the  soH  in  the  tube. 

Volatile  Matter.— platinum- crucible  and  5  grammes  of  soil  used  to 
determine  the  moisture,  are  heated  to  low  redness.  The  heatmg  should  be 
nrolon-ed  tiU  all  organic  material  is  burned  away,  but  below  the  temperature 
at  which  alkaline  chlorides  volatilise.  Moisten  the  cold  mass  with  a  few 
drops  of  a  saturated  solution  of  ammonium  carbonate,  dry  and  heat  to 
65°  C  to  expel  excess  of  ammonia.  The  loss  in  weight  of  the  dry  soil 
represents  organic  matter,  water  of  combination,  salts  of  ammonia  &c. 

Water-soluble  Materials.— To  prepare  a  water  extract  of  the  soil,  a 
percolator  of  glass  or  tin  may  be  employed.  It  should  be  large  enough  to 
hold  1  kilogramme  of  soil.  Pour  sufficient  ammoma -free  distilled  water  on 
the  soil  to  moisten  it  all,  and  let  the  whole  stand  undisturbed  for  half  an 
lrour°then  add  more  water  till  a  litre  of  filtrate  is  secured.  If  the  soil, 
extract  is  cloudy,  filter  through  a  plain  filter.  ■       .  a 

SoLulle  ^o^^£.-Evaporate  100  c.c.  of  the  filtrate  to  dryness  m  a  tared  , 
dish  each  gramme  of  residue  AviU  represent  1  per  cent,  of  Avater  soluble 
matter  Teft  this  dry  residue  for  nitrates  by  pouring  over  it  10  c.c.  of  pure: 
TT  SO    holding  in  solution  4  mgms.  of  brucme  sulphate.  ,    .  a 

''^^SLnS.-Titrate  100  c.c.°of  the  filti-ate  or  soil  exti;act  with  staijda^ 
deci-normal  silver  nitrate,  adding  a  few  drops  of  a  solution  of  K,CiO,  as 

-Precipitate  these  from  100  c.c.  of  the  soil  extract  Avith 
Bactt  t^-presenc^  of  a  few  drops  of  HCl.    Eeserve  the  rest  of  the  soi 
extract  for  a  subsequent  quantitative  estimation  of  nitrates. 

Acid  soluble  Materials.-Place  10  grammes  of  air-dried  soil  m  a  20^ 
c  c  tlass  flask  add  100  c.c.  of  pure  HCl,  insert  the  stopper,  wire  it  securely, 

to  dryness  on  the  water  bath  .  take  n.  _  i,„fore  andfi  ter 

HCl,  and  again  evaporate  to  complete  dryness.    Take  up  as  betoie,  auci 
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into  a  litre  flask,  Avasliing  with  hot  water.  Cool  and  make  up  to  1  litre. 
This  solution  may  be  marked  "A."    The  residue  is  soluble  silica. 

Ferric  and  Aluminium  Oxides. — To  100  c.c.  or  200  c.c,  according  to  the 
probable  amount  of  iron  present,  of  the  solution  "A,"  add  ISrH40H  to  alka- 
line reaction  (avoiding  excess)  in  order  to  precipitate  ferric  and  aluminic 
ixides  and  phosphates.  Expel  the  excess  of  ammonia  by  boiling,  allow  to 
>ettle,  decant  the  clear  solution  through  a  filter,  add  50  c.c.  of  hot  distilled 
water,  boil,  settle,  and  decant  again.  After  pouring  off  all  the  clear  solution 
[lossible,  dissolve  the  residue  with  a  few  drops  of  HCl  with  heat  and  add 
just  enough  ISTH^OH  to  precipitate  the  oxides.  Wash  by  decantation  with 
50  c.c.  of  distUled  Avater,  and  then  transfer  all  the  precipitate  to  the  filter 
md  wash  with  hot- distilled  water  till  the  filtrate  becomes  free  from  chlorides. 
Save  the  filtrate  and  washings,  which  may  be  marked  solution  "  B."  Dry 
:he  precipitate  and  filter  at  45°  C,  transfer  the  precipitate  to  a  tared  crucible, 
Imrn  the  filter  and  add  the  ash  to  the  precipitate,  heat  the  whole  red  hot, 
iiol,  and  re-weigh.  The  increase  of  weight,  minus  the  ash  of  the  filter  and 
he  phosphoric  acid  (to  be  determined  subsequently),  represents  the  weight 
jf  the  ferric  and  aluminium  oxides. 

Ferric  Oxide. — Precipitate  100  c.c.  of  solution  "A"  with  NH^OH,  wash 
tlfche  precipitate  with  hot  water,  dissolve  while  wet  in  dilute  HgSO^  :  reduce 
ihj  the  addition  of  granulated  zinc,  free  from  iron,  and  estimate  ferric  oxide 
iby  a  standard  solution  of  KMnO^.  To  prepare  the  potassium  permanganate 
solution,  dissolve  3"156  grammes  of  pure  crystallised  permanganate  in  a  litre 
bf  distilled  water,  and  preserve  in  a  ground  glass-stoppered  bottle  shielded 
tfrom  the  light.  Standardise  from  time  to  time  this  permanganate  solution 
ith  pure  ferrous  sulphate.  This  method  of  estimating  iron  depends  upon 
ttthe  fact  that  KMnO^,  in  the  presence  of  a  ferrous  salt,  oxidises  to  the  ferric 
itetate.  The  solution  made  as  above  after  addition  of  the  zinc  is  one  of  a 
rferrous  salt :  as  the  KMnO^  falls  into  this  solution,  a  pink  blush  is  formed, 
"but  disappears  on  stirring  as  long  as  a  ferrous  salt  remains  un oxidised  to 
eferric.  As  soon  as  all  is  oxidised  to  the  ferric  state,  the  pink  remains  per- 
cmanent.  Knowing,  after  standardisation,  the  oxidising  value  of  each  c.c.  of 
SKMnO^  in  terms  of  FegOg,  this,  multiphed  by  the  number  of  c.c.  used,  gives 
tthe  amount  of  ferric  oxide  in  100  c.c.  of  solution  "  A  "  or  1  gramme  of  air- 
Idried  soil. 

The  weight  of  ferric  oxide,  so  found,  deducted  from  the  total  weight  of 
rferric  and  aluminium  oxides,  with  corrections  for  filter  ash  and  phosphoric 
-.eid,  will  give  the  weiglit  of  alumina  in  1  or  2  grammes  of  soil,  according  as 
dOO  or  200  c.c.  of  solution  were  originally  taken. 

_  P/io.sp7ionc  ^acZ.— Take  another  100  c.c.  of  solution  "A"  and  neutralise 
rwith  ammonia,  and  add  about  15  grammes  of  dry  ammonium  nitrate.  Next 
precipitate,  by  adding  50  c.c.  of  molybdic  solution,  made  by  dissolving  100 
Jgrammes  of  molybdic  acid  in  400  c.c.  of  ammonia,  the  solution  then  being 
xpoured  into  1250  c.c.  of  nitric  acid.  Filter,  and  wash  with  a  solution  of 
rammonium  nitrate,  made  by  dissolving  200  grammes  of  the  salt  in  water 
rand  then  made  up  by  further  additions  to  2  Htres.  The  precipitate  on  the 
ffilter  IS  then  dissolved  in  ammonia  and  hot  Avater,  Avashed  into  a  beaker, 
^king  a  bulk  of  not  more  than  100  c.c.  This  solution  is  nearly  neutralised 
ith  HCl,  cooled,  and  then  magnesia  mixture  run  in  slowly,  accompanied  by 
wigorous  stirring.  After  fifteen  minutes,  add  30  c.c.  of  mmonia,  filter  the 
iprecipitate  which  forms,  Avash  Avith  dilute  ammonia,  ignite,  and  Aveigli.  The 
■moagnesia  mixture  is  made  by  mixing  110  grammes  of  crystallised  agnesium 
tetUoride  280  grammes  of  ammonium  chloride,  and  700  c.c.  of  ammonia,  and 
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Manganese. — Concentrate  solution  "E"  to  200  c.c.  or  less:  addNH^OH 
to  alkalinity :  add  bromine  water  and  boil :  as  the  bromine  escapes,  allow  to 
cool  somewhat,  add  more  ammonia  and  bromine,  and  heat  again.  This 
process  is  continued  until  the  manganese  is  completely  precipitated,  which 
it  will  be  in  about  an  hour ;  the  solution  is  filtered  while  warm,  the  pre- 
cipitate well  washed,  dried,  ignited,  and  weighed.    Estimate  as  Mn304. 

Lime. — If  no  manganese  is  precipitated,  add  to  solution  "B,"  or  to  the 
filtrate  and  washings  from  the  last  procedure,  20  c.c.  of  a  strong  solution  of 
NH4CI  and  40  c.c.  of  a  saturated  solution  of  (^114)20204,  to  completely  pre- 
cipitate all  the  lime  as  oxalate,  and  convert  the  magnesia  into  soluble 
magnesium  oxalate.  Heat  to  boiling,  and  let  stand  for  six  hours  till  the 
calcium  oxalate  settles  clear,  decant  on  to  a  filter,  i)0ur  50  c.c.  of  hot  distilled 
water  on  the  precipitate,  and  again  decant  on  to  a  filter,  transfer  the  pre- 
cipitate to  the  filter,  and  finally  wash  it  free  from  all  traces  of  oxalates  and 
clilorides.  Dry  and  ignite  the  precipitate,  weigh  and  estimate  as  CaO  :  care- 
fully moisten  with  H2SO4,  heat  gently  and  weigh  as  CaS04. 

iJfa(7»esm.— Concentrate  the  filtrate  and  wasliings  from  the  last  procedure 
to  200  c.c,  place  in  a  half-litre  flask,  add  30  c.c.  of  a  saturated  solution  of 
Na  HPO  and  20  c.c.  of  concentrated  ammonia,  cork  the  flask  and  shake 
violently ,%ill  crystals  form,  then  set  the  flask  to  cool.  Filter  off  the  clear 
liquid  through  a  tared  Gooch  filter,  transfer  the  precipitate  to  the  filter,  and 
wash  with  dilute  ammonium  hydrate  (1  to  3)  till  the  filtrate  is  free  from 
phosphates ;  dry  and  ignite  the  crucible,  to  form  magnesmm  pyrophosphate. 
The  increase  of  weight  X  0-36024  =  MgO.  ,  ,       ■,  x 

Sulphuric  ^ac^.— Evaporate  200  c.c.  of  solution  "A"  nearly  to  drjmess  to 
expel  the  excess  of  acid  :  then  add  100  c.c.  of  distilled  water,  boil,  and  add 
10  cc  of  a  solution  of  BaCl,  and  continue  the  boiling  for  five  minutes, 
men  the  precipitate  has  settled,  pour  the  clear  Hquid  on  to  a  tared  Gooch 
filter,  treat  the  precipitate  with  50  c.c.  of  boiling  water,  and  transfer  the 
precipitate  to  the  filter,  and  wash  with  boihng  water  till  the  filtrate  is  free 
from  chlorides.  Dry  the  filter  and  ignite.  The  increase  m  weight  is  barimu 
sulphate,  which  x  0-412  =  SO4  in  2  grammes  of  air-dry  soil         . .  ^  ^,  . 

Potash  and  Soda.-Tlo  another  200  c.c.  of  solution  "A  add  BaCl^  m 
slicrht  excess,  and  make  alkaline  with  ammonia  to  precipitate  sulphuric 
and  phosphoric  acids,  ferric  oxide,  &c.  Then  precipitate  the  calcium  and 
barium  by  (NH4),C204.  Evaporate  the  filtrate  and  washings  to  dryness 
heat  to  decompose  oxalates  and  expel  ammonia  salts,  dissolve  m  25  c.c.  of 
distilled  water,  filter  and  wash  the  precipitate  :  add  to  the  filtrate  and  wash- 
ings 10  cc.  of  baryta  water  and  digest  for  an  hour.  Fil  er  and  wash  the 
precipitate,  add  ammonium  carbonate  to  the  filtrate  to  coinple  e  precipitation 
of  the  barlta,  filter  and  wash  this  precipitate  Evaporate  the  filtrate  and 
washings  in  a  tared  dish,  gently  ignite  residue  to  ^^^P'^lf™^^  ^ 
and  weigh.  The  increase  of  weight  represents  chlorides  of  sodium  and 
notassium  in  2  grammes  of  soil.  ,  ^-  ■  ^^ 

^  If  the  potassium  chloride  be  separated  and  estimated  by  platmic  chloride 
and  its  weight  subtracted  from  the  weight  of  the  chlorides  of  potassium  and 
sodium,  the  diff'erence  will  represent  sodium  chloride  _ 

Nitrogen  of  the  Soil.-The  nitrogen  compounds  in  the  soil  may  be 
T^lnred  in  three  classes —(1)  The  nitrates  and  nitrites,  existing  as  soluble 
S  2)  immont^or  or^nic  nitrogen  easily  converted  into  ammonia; 
(3)  the  humus  nitrogen,  or  the  inert  nitrogen  of  the  soil.  _ 

Active  Soil  mtrogen.-¥ov  reducing  the  nitrates  to  ammoma^d  at 
same  time  to  bring  ammonia  salts  and  organic  nitrogen  into  ^  ronton  tor 
e^aration  by  distiUation,  the  best  material  is  sodium  amalgam.    Ihis  may 
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)e  readily  prepared  by  placing  100  c.c.  of  mercury  in  a  half -litre  flask, 
■overing  the  warmed  mercury  with  melted  paraffin,  and  dropping  into  the 
lask  at  short  intervals  pieces  of  metallic  sodium  the  size  of  large  peas 
taking  care  that  the  violence  of  the  reaction  does  not  project  the  contents 
rom  the  flask),  till  6-75  grammes  of  sodium  have  combined  with  the  mercury. 
The  amalgam  contains  0-5  per  cent,  of  sodium,  and  may  be  preserved  in- 
lefinitely  under  the  covering  of  the  paraffin. 

To  estimate  the  active  soil  nitrogen,  weigh  50  grammes  of  air-dried  soil  and 
ilace  it  in  a  clean  mortar.  Take  200  c.c.  of  ammonia-free  distilled  water, 
ub  up  the  soil  with  a  part  of  the  water  to  a  smooth  paste,  transfer  this  to  a 
lask  of  1  litre  capacity,  washing  the  last  traces  of  soil  into  the  flask  with 
he  rest  of  the  water.  Add  25  c.c.  of  the  liquid  sodium  amalgam,  and 
hake  so  as  to  well  distribute  the  amalgam  through  the  soil.  Insert  a 
topper  with  a  valve,  and  set  aside  in  a  cool  place  for  twenty-four  hours. 
Pour  into  the  flask  50  c.c.  of  milk  of  lime,  and  distil  on  a  sand  bath  100  c.c. 
nto  a  flask  containing  20  c.c.  of  deci-normal  sulphuric  acid,  and  titrate  with 
leci-normal  soda  solution,  using  dimethyl  orange  as  an  indicator.  Estimate 
ihe  nitrogen  of  the  ammonia  found  as  active  soil  nitrogen. 

If  the  ammonia  produced  is  too  small  in  amount  to  be  readily  estimated 
volumetrically,  determine  the  ammonia  by  Nesslerising  the  distillate. 

Estimation  of  Nitrates  in  the  Soil. — "When  it  is  desired  to  estimate 
separately  the.  nitrates  in  the  soil,  the  following  method  may  be  used. 
Evaporate  100  c.c.  of  a  soil  extract  to  dryness  :  dissolve  the  soluble  portion 
of  the  residue  in  100  c.c.  of  ammonia-free  water,  filtering  out  any  insoluble 
residue,  place  the  solution  in  a  flask,  and  add  10  c.c.  of  liquid  sodium 
amalgam,  insert  stopper  with  valve,  set  aside  in  a  cool  place  to  digest  for 
twenty-four  hours,  add  50  c.c.  of  milk  of  Lime,  distil  and  titrate  as  above, 
fmally  estimating  the  nitrogen  as  NgOj.  If  the  amount  of  nitrates  is  small, 
^STesslerising  may  be  substituted  for  titration. 

An  approximate  estimation  of  the  nitrates  may  be  made  by  evaporating 
a  measured  quantity  of  a  soil  extract,  say  5  c.c,  on  a  porcelain  crucible 
cover,  having  first  dissolved  a  minute  fragment  of  pure  brucine  sulphate  in 
the  soil  extract.  When  dry,  pour  over  the  residue  concentrated  HgSO^,  free 
from  nitrates,  and  observe  the  colour  reactions  produced.  A  simple  pink  in- 
dicates about  the  two-thousandth  part  of  a  milligramme,  reckoned  as  KISTOg ; 
a  pink  with  faint  reddish  lines  about  the  three-thousandth  of  a  milligramme  ; 
a  reddish  colour  about  a  four-thousandth  part,  and  a  distinct  red  a  five- 
thousandtli  part  of  a  milligramme.  Blank  experiments  to  test  the  acid  and  the 
Ijrucine  will  be  required  before  confidence  can  be  placed  in  such  estimation. 

•  Total  Nitrogen  of  Soil. — The  total  nitrogen  of  soils  may  be  determined 
by  the  usual  combustion  with  soda-lime,  but  this  process  is  often  unsatis- 
factory because  of  the  large  amount  of  material  required  when  the  organic 
matter  or  humus  is  small  in  amount. 

A  modification-  of  the  Kjeldahl  method  is  more  easy  to  carry  out  and 
f,'ives  equally  satisfactory  results.  Place  20  grammes  of  soil  in  a  Kjeldahl 
flask,  and  add  20  c.c.  of  HgSO^  (free  from  ammonia)  holding  in  solution 
1  gramme  of  salicylic  acid.  If  the  soil  contain  much  lime  or  magnesia  in  the 
form  of  carbonate,  more  acid  may  be  needed,  enough  being  added  to  secure 
a  strongly  acid  condition  of  the  flask  contents.  Add  gradually  2  grammes 
of  zinc  dust,  and  mix  by  shaking.  Heat  to  boiling  in  a  sand  bath  and  boil 
for  ten  minutes.  Add  1  gramme  of  mercury  and  continue  boiling  for  one 
hour,  adding  10  c.c.  of  HgSO^  if  the  flask  contents  are  Hkely  to  become 
solid.  Cool,  and  wash  out  the  soluble  matter  with  200  c.c.  of  pure  water, 
leaving  the  heavy  earthy  materials.    Rinse  the  residue  with  another  100 


504 


SOIL. 


c.c.  of  water  and  add  this  to  the  first  washing.  Place  this  soluble  acid 
extract  in  a  litre  digestion  flask,  add  35  c.c.  of  the  solution  of  potassium 
sulphide,  and  shake  to  secure  intimate  mixture.  Introduce  a  few  fragments 
of  granulated  zinc,  pour  in  75  c.c.  of  a  saturated  solution  of  caustic  soda, 
connect  the  flask  with  a  condenser,  and  distil  150  c.c.  into  a  flask  containing 
20  c.c.  of  deci-normal  sulphuric  acid  and  titrate  with  deci-nornial  soda  solu- 
tion. Enter  the  nitrogen  obtained  from  the  ammonia  produced  in  this 
operation  as  total  soil  nitrogen. 

The  difterence  between  the  total  soil  nitrogen  and  the  active  soil  nitrogen 
will  express  the  inert  nitrogen  of  the  soil. 

Oarhon  Dioxide. — Introduce  5  grammes  of  soil  into  a  small  Avide-mouthed 
flask,  and  moisten  with  a  little  water.  A  short  test-tube  is  filled  two-thirds 
with  HCl  and  introduced  so  that  its  top  rests  against  the  shoulder  of  the 
flask,  and  that  no  acid  escapes.  A  perforated  cork  with  two  tubes  is  now 
attached.  One  tube  reaches  to  the  bottom  of  the  flask  and  extends  well 
above  the  cork,  and  is  itself  closed  by  a  small  cork.  The  other  tube,  which 
does  not  extend  much  below  the  cork  of  the  flask,  is  bent  thrice  at  right 
angles,  and  finally  fitted  into  a  wider  tube  8  inches  long  and  drami  to  a 
pomt  at  its  further  end.  This  tube  has  a  plug  of  cotton-wool  at  either 
extremity,  the  intermediate  space  being  filled  with  small  fragments  of 
neutral  calcium  chloride,  previously  well  dried.  The  whole  apparatus  is 
now  weighed.  After  weighing,  the  flask  is  slightly  inclined,  so  that  a  little 
acid  flows  out  of  the  tube :  it  is  then  mixed  with  the  soil  by  gentle  agita^ 
tion  •  this  is  repeated  until  the  soil  ceases  to  effervesce.  The  flask  is  then 
warmed  :  when  nearly  cold,  the  small  cork  in  one  of  the  tubes  is  removed, 
and  air  slowly  drawn  through  the  apparatus  by  suction  apphed  to  the  piece 
of  india-rubber  tubing  attached  to  the  open  end  of  the  calcium  chloride 
tube  •  this  is  continued  until  all  the  carbon  dioxide  has  been  removed  :  the 
little  cork  is  now  replaced,  and  the  apparatus,  when  quite  cold,  weighed : 
the  loss  in  weight  is  carbon  dioxide.  Some  practice  is  needed  to  get  fairly 
exact  results  with  this  apparatus.  .  i     .     -i  j 

The  following  table  gives  the  analyses  of  several  kinds  of  soil,  as  made 
by  different  observers  :  they  are  of  interest,  as  showing  how  one  soil  may 
differ  from  another  in  composition. 


Lincolnshire 
Pen  Soil. 
(Wilson.) 

Bedfordshire 
Loam  Soil. 
(Voelcker.) 

Gloucester- 
shire Stiff 
Clay  Soil. 

(Voelcker.) 

Essex 
Marl. 
(Voelcker.) 

JIaltese 
Clialk 
Marl. 
(Playfair.) 

Punjab 
Alluvium. 

Moisture, 

Organic  matter  and 
combined  water,  . 
Ferric  oxide,  . 
Alumina, 
Lime, 
Magnesia, 
Potash,  . 
Phosphoric  acid, 
Sulphuric  acid, 
Carbon  dio-xide, 
Chlorine, 

Silica  and  insoluble 
matter. 

17-73 

23-40 
4-89 
4-18 
1-95 
0-21 

0-  11 

1-  20 
0-15 
0-72 
0-03 

45-43 

19-61 

8-85 
6-35 
3-43 
0-48 
0-46 
0-33 
0-22 
0-14 

0-05 

60-08 

15-53 

3-62 
1-76 
1-70 
0-74 
0-60 
0-27 
0-38 

75-40 

3-51 

10-50 
5-36 
2-19 

17-62 
0-25 
0-62 
0-77 
0-04 
0-92 
0-07 

58-15 

7-62 

9-33 
1-11 
3-26 
23-77 
0-53 
0-55 
0-90 
0-12 

0-03 

52-78 

3-  06 

4-  56 
3-32 
7-43 
1-60 

0-44 
0-52 

o'gi 

78-16 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 
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CHAPTER  IX. 
HABITATIONS. 

"  Whoever  considers  carefully  tlie  record  of  tlie  mediaeval  epidemics,  and 
seeks  to  interpret  tliem  by  our  present  knowledge  of  the  causes  of  disease, 
will  surely  become  convinced  that  one  great  reason  why  those  epidemics 
were  so  frequent  and  so  fatal  was  the  compression  of  the  population  in  faulty 
habitations.  Ill-contrived  and  closely-packed  houses,  with  narrow  streets, 
often  made  winding  for  the  purposes  of  defence;  a  very  poor  supply  of 
water,  and  therefore  a  universal  uncleanliness  ;  a  want  of  all  appliances  for 
the  removal  of  excreta;  a  population  of  rude,  careless,  and  gross  habits, 
living  often  on  innutritions  food,  and  frequently  exposed  to  famine  from 
their  imperfect  system  of  tillage,— such  were  the  conditions  which  almost 
throughout  the  whole  of  Europe  enabled  diseases  to  attain  a  range,  and  to 
display  a  virulence,  of  which  we  have  now  scarcely  a  conception.  The  more 
these  matters  are  examined,  the  more  shall  we  be  convinced  that  we  must 
look,  not  to  grand  cosmical  conditions ;  not  to  earthquakes,  comets,  or 
mysterious  waves  of  an  unseen  and  poisonous  air  ;  not  to  recondite  epidemic 
constitutions,  but  to  simple,  familiar,  and  household  conditions,  to  explain 
the  spread  and  fatality  of  the  mediaeval  plagues." 

GENERAL  CONDITIONS  OF  HEALTH. 

The  diseases  arising  from  faulty  habitations  are  in  great  measure,  perhaps 
entirely,  the  diseases  of  impure  air.  The  site  may  be  at  fault ;  and  from  a 
moist  and  malarious  soil  excess  of  water  and  organic  emanations  may  pass 
into  the  house.  Or  ventilation  may  be  imperfect,  and  the  exhalations  of  a 
crowded  population  may  accumulate  and  putrefy ;  or  the  excretions  may  be 
allowed  to  remain  in  or  near  the  house  ;  or  a  general  uncleaiilmess,  from 
want  of  water,  may  cause  a  persistent  contamination  of  the  air.  On  the 
other  hand,  these  five  following  conditions  insure  healthy  habitations  :— 

1.  A  site  dry  and  not  malarious,  and  an  aspect  which  gives  light  and 

cheerfulness.  . 

2.  A  pure  supply  and  proper  removal  of  water ;  by  means  ot  which 

perfect  cleanliness  of  all  parts  of  the  house  can  be  insured. 

3  A  system  of  immediate  and  perfect  sewage  removal,  which  renders 

it  impossible  that  the  air  or  water  shall  be  contaminated  from 
excreta. 

4  A  system  of  ventilation  which  carries  off  all  respiratory  impurities. 
5.  A  condition  of  house  construction  which  insures  perfect  dryness  ot 

the  foundation,  walls,  and  roof.  _  t   .  fr. 

In  other  words,  perfect  purity  and  cleanliness  of  the  air  are  the  objects  to 
be  attained.  This  is  the  fundamental  and  paramount  condition  of  heaitliy 
habitations;  and  it  must  override  all  other  conditions.    After  it  has  been 
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attained,  the  carchitect  must  engraft  on  it  the  other  conditions  of  comfort, 
convenience  and  beauty. 

The  inquiries  which  have  been  made  for  many  years  in  England  have 
shown  how  badly  the  poorer  classes  are  lodged,  both  in  town  and  country, 
and  how  urgent  is  the  necessity  for  improvement.  Various  Acts  have  been 
passed  for  the  purpose  of  improving  the  condition  of  the  dwellings  of  the 
working  classes,  but  either  from  lack  of  energy  in  carrying  out  their 
provisions,  or  from  the  difficulty  of  proving  that  a  dwelling  is  injurious  to 
health  unless  it  is  in  extremely  bad  condition,  these  Acts  have  had  hitherto 
L  only  partial  effect. 

In  towns,  density  of  population  has  a  direct  influence  on  the  mortality  of 
iits  inhabitants.  Ogle,  in  the  Supplement  to  the  45th  Annual  Eeport  of  the 
lEegistrar-General,  illustrates  the  connection  between  the  aggregation  of  the 
j  population  and  the  death-rate,  and  clearly  shows  that  after  the  density  has 
I  reached  a  certain  degree  of  intensity,  it  begins  to  exert  an  appreciable 
« effect.  Eussell  also  points  out  the  evils  connected  with  overcrowding,  and 
£  shows  that  Aberdeen,  with  13-6  per  cent,  of  its  population  living  in  one 
iTOom,  has  the  lowest  death-rate  of  eight  of  the  large  Scotch  cities,  and 
1  that  this  rises  pari  passu  with  the  diminution  in  the  size  of  the  average  house, 
itmtil  we  reach  Glasgow  with  24-7  per  cent,  of  its  population  living  in  one 
iroom,  and  the  highest  death-rate.  Back-to-back  houses  illustrate  very 
I  clearly  the  effect  of  density  of  population,  involving  as  they  do  deficient 
1  light  and  ventilation  and  imperfect  sanitary  arrangements.  Tatham  has 
i  shown  that  at  Salford  the  mortality  from  all  causes,  from  pulmonary 
t  diseases,  from  phthisis,  and  from  the  seven  chief  zymotic  diseases  taken 
I  together,  as  well  as  from  diarrhoea  alone,  increases  pari  passu  with  the  pro- 

■  portion  of  back-to-back  houses.  "  The  more  crowded  a  community,  the 
j  greater,  speaking  generally,  is  the  amount  of  abject  want,  of  filth,  of  crime, 
I  of  drunkenness,  and  of  other  excesses,  the  more  keen  is  the  competition  and 

the  more  feverish  and  exhausting  the  conditions  of  life ;  moreover,  and 
perhaps  more  than  all,  it  is  in  these  crowded  communities  that  almost  all 
the  most  dangerous  and  unhealthy  industries  are  carried  on.  It  is  not  so 
much  the  aggregation  itself,  as  these  other  factors  which  are  associated  with 
I  aggregation,  that  produce  the  high  mortality  of  our  great  towns  or  other 

•  thickly  populated  areas." 

Farr  states  that  it  is  proved  beyond  doubt  that  if  the  population  be  the 
;  same  in  other  respects,  an  increase  of  density  implies  an  increase  of  mor- 
tality ;  and  he  gives  five  groups  of  cases,  showing  the  varying  mortality, 

■  with  density  of  population. 

Where  the  population  was  86  persons  to  1  square  mile,  the  mortality  was 
14,  15,  or  16  per  1000.    Where  the  population  was  172  persons  to  1  square 

■  mile,  the  mortality  was  17,  18,  or  19  per  1000.    Where  the  population  was 
255  to  1  square  mile,  the  mortality  was  20,  21,  and  22  per  1000.  Where 

■  the  population  was  1128  persons  to  1  square  mile,  2.3,  24,  or  25  per  1000. 
Where  the  population  was  3399  persons  to  a  square  mile,  the  mortality  was 

:  26  per  1000  and  upwards. 

The  returns  of  the  Eegistrar-General  for  England  and  Wales  prove  that 

•  where  crowding  exists  it  is  a  source  of  ill-health.  There  is  also  another 
:  'factor  which  commonly  accompanies  overcrowding,  and  which  reacts  upon 

■  the  community  in  the  form  of  increased  morbidity  and  mortality  rates,  and 

■  that  is  an  abnormally  high  birth-rate.  In  the  slums  of  large  cities,  and 
<  crowded  dwellings,  there  are  invariably  high  birth  and  death  rates.  The 
;  following  tables  illustrate  this  fact : — 
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Table  of  Six  Densely  Populated  Toions,  1892. 


Town. 

Population. 

Persona 
per  acre. 

Birth-rate 
per  1000. 

Death-rate 
per  1000. 



London,  .... 
Liverpool,  .... 
Plymouth,  .... 
Bolton,  .... 
Manchester, 

Salford,  .... 

4,263,294 
513,790 
85,610 
116,261 
510,998 
210,058 

571 
98-6 
68-3 
48-4 
40-0 
38-9 

30-9 

34-  7 
29-1 

32-  7 

33-  7 

35-  9 

20-6 
24-7 
18-8 

22-  8 

23-  8  1 

24-  6 

Averages  of  the  six  towns. 

56-88 

32-83 

22-55 

Table  of  Six  Toions  not  so  Densely  Populated,  1892. 

Town. 

Population. 

Persons 
per  acre. 

Birth-rate 
per  1000. 

Death-rate 
per  1000. 

Croydon,  .... 
Huddersfield, 

Norwich,  .... 
Halifax,  .... 
Bradford,  .... 
Oldham  

106,152 
96,599 

102,736 
84,097 

219,262 

134,221 

11-8 
8-2 
13-7 
22-3 
20-3 
28-4 

26-  5 
23-0 
30-5 
25-9 

27-  2 
29-1 

15-8 

18-  1 
20-0 

19-  5 
18-0 
22-0 

Averages  of  the  six  towns, 

17-45 

27-03 

18-90 

In  tlie  Report  to  the  Local  Government  Board  by  Ballard,  upon  the 
causation  of  the  annual  mortality  from  diarrhoea,  he  shows  that,  among  the 
more  important  conditions  influencing  diarrhoeal  mortaUty,  aggregation  of 
the  population  favours,  and  dispersion  over  an  area  disfavours,  diarrhoea,  and 
that  density  of  buildings,  of  Avhatever  kind,  upon  an  area  promotes  diarrhoeal 
mortality.  .  , 

Sites.— In  towns  and  villages,  the  sites  of  additional  or  substituted 
dwellings  are  generally  fixed  irrespective  of  the  advice  of  anyone.  In  the 
case  of  isolated  dwellings,  however,  where  selection  can  be  made,  adverse 
conditions  in  the  site  may  render  the  best  designed  and  best  built  structure 
unhealthy.  It  is  therefore  desirable  to  know  what  to  select,  or  at  least 
understand  what  to  avoid  in  making  a  selection.  The  question  involves 
the  following  considerations  : — 

1.  The  aspect  or  exposure  to  wind,  light,  and  air. 

2.  The  ground  or  soil  on  which  it  is  proposed  to  build. 

3.  The  surroundings  of  the  site.  _ 

Aspect  and  shelter  have  each  their  bearing  on  the  salubrity  and  equailt.^ 
of  temperature.  While  the  situation  should  afford  a  free  circulation  ot  air 
about  the  dwelling,  it  is  advisable  to  avoid  exposure  to  a  prevailing  coia 
wind,  and  it  may  be  necessary  even  to  secure  shelter  from  this  by  means  oi 
a  belt  of  trees  or  some  rising  ground.  But  neither  aspect  nor  shelter  has  aa 
influence  so  great  as  the  condition  of  the  ground  or  soil  beneath  ana 
surrounding  the  dwelling.  ,  •! 

Dryness  of  site  is  essential  to  both  these  advantages.    A  damp  subsou 
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for  the  foundation  of  a  house  is  known  to  favour  the  prevalence  of  disease, 
md  is,  perhaps,  one  of  the  most  fruitful  sources  of  impurity  of  air  in 
Iwellings.  Wherever  possible,  the  soil  or  ground  itself  ought  to  be  porous, 
-,uch  as  "gravel  or  sand,  which  allows  the  water  to  run  freely  away,  or  chalk, 
which  retains  but  comparatively  little  moisture,  and  does  not  cause  damp- 
ness to  collect  about  the  house.  The  next  best  soils  on  which  to  build  are 
rocks,  such  as  granites,  clay  slates,  limestones,  or  sandstones;  nearly  all 
these  have  a  good  slope,  and  are  easily  drained.  The  loams  and  stiff  clays 
are  notj  as  a  rule,  good  soils  for  building  purposes,  as,  unless  well  drained, 
they  are  apt  to  hold  water ;  if,  however,  adequately  drained,  these  are  not 
necessarily  unhealthy. 

In  these  soils  numerous  drains  are  requisite  to  overcome  the  retentive 
properties  which  such  soils  possess.  The  greater  the  number  the  better 
Avill  that  purpose  be  fulfilled.  In  free  soils,  i.e.,  sand,  gravels,  and  chalk,  as 
a  rule,  no  advantage  is  gained  by  multiplying  drains  beyond  the  minimum 
number  that  will  lower  the  subsoil  water,  and  they  should  be  as  far  removed 
from  buildings  as  possible.  Pure  chalk  forms  a  healthy  site,  being  perme- 
able; but  if  the  chalk  be  mixed  with  clay  (marl),  or  be  underlaid  with 
clay,  it  becomes  impermeable  and  damp.  If  of  any  thickness  and  not 
■situated  in  a  hollow,  gravel  beds  make  good  building  sites. 

The  worst  soils  are  the  shalloAV  beds  of  gravel  or  sand  lying  on  clay ; 
these  are  frequently  water-logged  and  proportionately  bad;  the  same 
remark  applies  to  reclaimed  lands  near  the  mouths  of  rivers  and  the  so-called 
alluvial  lands,  which  consist  of  soils  that  are  really  the  deposit  or  sludge 
from  rivers.  Alluvial  tracts  are  almost  invariably  unhealthy,  owing  not  only 
to  their  dampness,  but  also  to  the  large  quantity  of  organic  matter  which 
they  contain.  These  soils  and  sites  are  peculiarly  liable  to  produce  chronic 
rheumatism,  ague,  and  various  forms  of  malarial  fever,  as  well  as  catarrhs 
and  neuralgia. 

If  the  site  is  artificially  made,  care  must  be  taken  to  see  that  the 
subsoil  is  free  from  organic  pollution  of  any  kind.  In  the  low-lying  parts 
of  towns  and  cities,  or  where  the  subsoil  has  been  excavated  for  sand  or 
gravel,  the  place  is  used  frequently  as  a  tip  for  rubbish  of  all  kinds  imtil 
the  level  is  raised  to  a  sufficient  height  to  allow  of  its  being  utilised  for 
building  purposes. 

From  a  report  made  by  Parkes  and  Burdon-Sanderson  on  the  sanitary 
condition  of  Liverpool,  experiments,  having  for  their  object  to  ascertain 
what  the  effect  of  time  had  been  on  the  organic  matters  which,  together 
with  cinder  refuse,  had  been  used  to  fill  up  inequalities  of  ground,  tended 
to  show  that  the  process  of  decay  of  all  the  most  easily  destructible  matters, 
including  vegetable  refuse,  is  completed  in  three  years  :  but  it  is  very  doubt- 
ful if  modern  methods  of  investigation  would  not  prove  that  this  limit  of 
time  is  far  too  short  to  allow  such  a  site  to  be  built  upon,  unless  the  whole 
ground  surface  or  site  of  such  building  be  asphalted  or  covered  with  a  layer 
of  concrete  cement  or  some  other  impermeable  material. 

This  concrete  should  be  6  inches  thick ;  its  component  parts  should  be 
'  ballast,  consisting  of  broken  stone,  gravel  or  burnt  clay  of  a  clean  descrip- 
1  tion  and  Portland  cement  of  the  best  quality,  in  the  proportion  of  five  of 
'  ballast  to  one  of  cement,  with  enough  sand  to  fill  up  interstitial  spaces.  It 
!  is  desiraljle  to  cover  the  ground  forming  the  base  of  the  dwelling  with 
'  concrete  extending  from  one  outside  wall  to  the  other.  This  will  not  only 
:  prevent  dampness  and  "ground  air"  rising  from  the  underlying  soil  into 
the  house,  but  it  will  also  prevent  any  liquid  refuse  sinking  into  the  ground 
•  to  pollute  the  soil  beneath.    As  a  rule,  cellars  under  houses  add  to  their 
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healtliiness,  especially  if  properly  built  on  an  impervious  flooring  and 
adequately  ventilated. 

In  aU  sites  it  is  important  to  notice  the  distance  of  the  ground  water 
from  the  surface.  If  this  water  is  too  near  the  ground  level,  the  site  will 
be  damp :  it  ought  never  to  be  nearer  the  surface  than  8  feet,  and,  if 
possible,  should  be  at  least  15  or  20  feet  below  the  ground  line.  When- 
ever ground  is  waterlogged,  owing  to  want  of  an  outlet,  whether  the  soil 
be  an  open  gravel  or  dense  clay,  it  will  afford  a  bad  site,  unless  the  subsoil 
water  is  lowered  by  drainage  to  such  a  sufficient  depth  as  not  only  to  reduce 
evaporation,  but  to  prevent  the  rising  of  moisture  up  to  the  cellar  floors  and 
the  foundations  of  the  dwelhng. 

There  is  reason  to  believe  that  frequent  and  sudden  changes  of  water 
level  are  specially  unhealthy,  and  where  these  occur  the  place  will  not  be  a 
good  site. 

Statistics  for  many  years  go  to  show  that  where  the  ground  Avater  level 
has  been  lowered  and  the  soil  made  drier,  there  the  public  health  has  im- 
proved. Buchanan,  in  his  report  upon  the  influence  of  sewage  works  on 
the  public  health,  states  that  the  general  death-rate  of  Newport  in  South 
Wales  was  reduced  23  per  cent.,  while  phthisis  was  reduced  32  per  cent. 
At  Cardiff  the  general  death-rate  was  reduced  24  per  cent,  and  the  death- 
rate  from  phthisis  17  per  cent.  At  Salisbury  the  general  death-rate  was 
reduced  9  per  cent.,  and  that  due  to  phthisis  49  per  cent. 

The  most  essential  points  to  be  sought  for  in  regard  to  a  choice  of  site 
for  building  purposes  are  as  follows  : — 

1.  A  moderately  elevated  spot,  so  that  a  fall  from  the  building  may 
be  secured  in  one  direction  at  least,  sheltered  from  the  north  and  east,  but 
not  so  shut  in  as  to  impede  the  free  circulation  of  air  round  and  over 
it. 

2.  The  site  should,  if  possible,  be  upon  a  porous  soil,  such  as  gravel  and 
sand,  care  being  taken  to  see  that  the  subsoil  is  sufficiently  permeable  to 
secure  thorough  drainage,  either  naturally  or  artificially.  When  a  house 
7nust  be  built  on  a  retentive  soil  great  precaution  must  be  taken  effectually 
to  drain  the  subsoil  and  to  obviate  the  dampness  of  the  site  as  much  as 
possible  by  the  use  of  concrete. 

3.  The  ground  water  should  not  be  nearer  the  surface  than  8  feet,  and 
not  subject  to  either  great  or  sudden  fluctuations. 

4.  The  surface  soil  and  subsoil,  no  matter  what  their  nature,  should  be 
clean,  and  not  fouled  by  either  sewage  or  refuse. 

5.  The  site  must  also  be  chosen  that  sufficient  faciUties  shall  be  secured 
for  drainage  and  water-supply.  •  , 

Construction  of  Dwellings.— The  foundations  ought  to  be  sufficiently 
solid  and  deep  enough  in  the  ground  to  give  firmness  to  the  building. 
When  the  ground  is  soft,  or  a  sohd  foundation  cannot  be  reached,  the  walls 
should  be  built  upon  a  solid  platform  of  concrete  or  stone,  Avhich  should  be 
at  least  four  times  as  broad  as  the  walls.  The  bases  of  the  walls  themselves 
should  be  expanded  into  what  are  called  footings,  the  lowest  course  of 
which  should  be  at  least  twice  the  breadth  of  the  wall.  The  height  of  the 
footings  ought  not  to  be  less  than  two-thirds  of  the  wall  thickness.  To 
prevent  moisture  from  rising  up  the  Avails  of  dAvellings,  it  is  now  usual  to 
build  them  on  a  layer  of  concrete.  In  addition  to  this  base  of  concrete,  it 
is  necessary  to  have  a  layer  of  impervious  material,  i.e.,  a  damp-proof  course 
within  the  wall  itself.  'The  proper  height  at  which  to  insert  a  damp-proof 
(jourse  in  external  waUs  is  a  few  inches  above  the  natural  ground  Ime,  and 
in  internal  walls  on  a  level  with  the  bottom  of  the  concrete.  Damp-proot 
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courses  are  made  of  different  materials.  Sometimes  a  double  course  of  slates 
bedded  in  cement  is  used  :  sometimes  a  layer  of  sheet  lead  is  placed  through- 
out the  whole  length  of  the  walls ;  perforated  stoneware  tiles  embedded  m 
cement  have  also  been  applied  to  the  same  purpose  ;  these  have  the  double 
advantage  of  not  only  preventing  the  uprising  of  moisture,  but  they  also  act 
as  a  means  of  ventilating  the  spaces  between  the  ground  beneath  and  the 
joists  of  the  floor. 

All  dwellings  possessing  basement  floors  under  the  level  of  the  natural 
surface  of  the  ground  should  have  outside  areas  or  di-y  passages  between  the 
ground  and  their  walls.  This  can  usually  be  secured  by  digging  away  the 
earth  on  the  outside  to  below  the  level  of  the  floor  so  as  to  form  a  dry  area. 
As  an  alternative  plan  to  tliis,  a  device  recommended  by  the  Local  Govern- 
ment Board  in  their  Model  Bye-laws  may  be  employed ;  this  consists  in 
iiaking  the  wall  holloAv,  with  a  cavity  of  2^  inches  extending  from  the  base 
f  the  walls  to  a  height  of  6  inches  above  the  ground  level,  and  then  insert- 
mg  two  damp-proof  courses,  one  at  the  bottom  of  the  hollow,  and  below  the 
floor  level,  the  other  at  the  top  of  the  hollow,  and,  therefore,  above  the 


Fig.  64. 

outside  ground  level.  By  this  means  the  inner  wall  is  quite  shut  off  from 
the  soil.    Both  these  arrangements  are  shown  in  fig.  64. 

The  materials  generally  used  for  the  construction  of  walls  of  dwelling- 
houses  are  bricks,  stones,  and  wood.  Bricks  are  made  from  three  kinds  of 
earth,  namely,  pure  clays,  marls,  and  loams.  Pure  clay  consists  chiefly  of 
alumina  and  silica ;  marls  are  clays  having  a  considerable  amount  of  lime 
in  them ;  while  the  loams  are  light  ,and  sandy  clays.  Few  bricks  are  made 
solely  from  any  one  of  these  earths,  but  rather  from  an  admixture  of  all 
three.  Bricks  are  burnt  in  kilns  or  clamps.  Kiln-burnt  bricks  are  more 
uniform  in  quality  than  clamp-burnt :  the  latter  have  part  of  the  fuel  mixed 
witli  the  clay,  and  traces  of  it  can  be  detected  in  the  bricks  after  they  are 
burnt.  A  good  brick  should  be  regular  in  shape,  well  burnt,  of  a  uniform 
colour,  and  when  struck  give  a  clear  metallic  ring.    A  good  ordinary  brick 

:  should  not  weigh  lees  than  about  5  It),  and  usually  measures  9  inches  long,  4  J 
inches  broad  and  2^  inches  thick  =  101^  cubic  inches.    The  dimensions  vary 

■•  slightly  in  Scotland  and  Ireland.    Ordinary  bricks  absorb  about  one-sixth 
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of  their  weight  of  water ;  very  hard  bricks,  such  as  the  hlne  Staffordshire, 
about  one-fifteenth  or  one-twentieth.  So  porous  are  ordinary  bricks  that 
both  rain  and  air  can  be  easily  driven  through  them ;  in  fact,  so  much  is  this 
the  case  that  it  is  desirable  in  all  dwellings  that  the  outer  walls  should,  if 
of  brickwork,  be  at  least  a  brick  and  a  half  thick  (14  inches),  so  that  in 
addition  to  tlie  bricks  there  may  be  in  the  structure  of  the  wall  itself  a  layer 
of  mortar.  Mortar  is  a  compound  of  one  part  of  lime  with  three  parts  of 
clean  sharp  sand  made  up  with  fresh  water.  Sand  is  added  to  check 
shrinkage,  either  in  drying  or  by  absorption  of  carbonic  acid  from  the  air. 
Bricks  are  superior  to  any  other  material  for  house  walls. 

Two  kinds  of  stone  are  generally  used  for  house  building ;  they  are  sand- 
stone and  limestone.  Sandstone  has  been  described  as  sand  made  into  a 
cake  with  clay,  lime,  and  oxide  of  iron.  It  is  the  varying  amount  of  tliis 
latter  which  gives  the  various  colours  to  it,  such  as  red,  yellow,  and  grey 
sandstone.  Limestone  is  rock  composed  mainly  of  carbonate  of  lime. 
Like  bricks,  stone  is  both  porous  and  absorbent  of  water,  but  in  a  less 

degree.  .  . 

No  woodwork  should  be  placed  in  a  wall  except  where  it  is  necessary 
for  carrying  the  floors  or  roof,  or  for  fixing  the  fitments  of  a  building,  and 
then  it  should  be  so  arranged  that  the  shrinking  or  decay  of  the  wood  wiU 
not  affect  the  strength  of  the  waU.  When  the  ends  of  flooring  or  other 
timbers  are  placed  in  the  wall  for  support,  they  should  rest  on  stone 
templates,  and  space  for  ventilation  should  be  left  all  round  them :  the 
wall  above  must  not  rest  upon  them. 

Wood  enters  largely  into  the  construction  of  the  inner  fittings  ot  ail 
dwellincrs  In  its  natural  state  it  is  very  absorbent,  and  the  unavoidable 
cracks  and  crevices  admits  both  air  and  water.  The  chief  kinds  used  are 
ash,  beech,  oak,  elm,  pine,  and  larch.  The  first  four  differ  from  the  latter 
in  bein-  free  from  turpentine.  Good  timber  should  be  close  and  straight 
grained!  free  from  cracks  and  dead  knots,  and  well  seasoned 

The  walls  of  all  dwelUng-houses  should  be  most  carefully  built  from  the 
foundations  upwards,  whether  of  brick  or  stone,  with  a  layer  of  mortar  not 
only  between  each  course,  but  under  the  first  course  and  well  fitted  into  the 
vertical  joints.  Bricks  are  laid  in  beds  or  courses,  and  are  usuaUy  spoken 
of  as  being  bonded  together.  ^ 

Enc^lish  bond  is  the  strongest  and  simplest  for  all  ordinary  work,  ihe 
heading  and  stretching  courses  generally  alternate,  but  not  necessarily.  Iso 
bricks  in  the  same  course  should  break  joint  with  each  other._ 

riemish  bond  shows  headers  and  stretchers  alternately  m  each  course. 
It  is  not  so  strong  as  English  bond,  but  gives  a  better  appearance,  as  a 
smoother  face  can  be  shown  on  both  sides.  . 

The  thX  of  the  external  waUs  of  dwelling-houses  is  determined  by 
the  size  of  the  building,  more  particularly  by  its  height.  Accordmg  to  the 
Mode  Bye  laws  of  the  Local  Government  Board,  the  minimum  thickness 
should  be  a  follows  :-When  a  wall  is  not  over  25  feet  in  height,  if  it  doe^ 
ot  excLd  35  eet  in  length  and  do  not  comprise  more  than  two  s  ones  it 
shall  be^  A^^^^^^  comprise  more  than  two 

sS  or  exceed  35  feet  in  length,  it  shall  be  13|  inches  ^-^ow  tl.  o^^^^^^^^ 
ctnrv  and  9  inches  for  the  rest.    When  walls  are  over  25  feet  high  and 
^ot 'exceeding  35  f  eet  in  length,  they  should  be  131  inches  t^-k  b^^^^^^^^^^ 
topmost  story  and  9  inches  for  the  rest;  but  if  they  be  longer  than  3 o  feet 
Zrthev  must  be  18  inches  thick  for  the  height  of  one  story  then  13^ 
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tthick  for  the  first  two  stories  and  13J  inches  for  the  rest.  If  over  50  feet 
i;in  height,  walls  should  be  22  inches  thick  for  the  height  of  one  story,  then 
118  inches  for  the  next  two  stories,  and  finally  13 J  for  the  rest  of  the 
hheight. 

Walls  built  of  cut  stone  need  be  no  thicker  than  those  of  brick,  but  if  of 
Trough  stone  or  flint  and  boulders,  they  should  be  at  least  one-third  thicker. 
■\Walls  made  of  both  brick  and  stone  are  not  uncommon ;  the  chief  point 
aabout  them  is  the  need  of  careful  bonding  together  of  the  two  elements. 
^Occasionally  walls  are  made  of  concrete  either  rammed  down  in  layers,  or 
eelse  built  of  concrete  blocks  well  cemented  together.  Wood  is  at  times 
uused  in  making  the  upper  part  of  the  outer  walls  of  houses ;  when  so 
eemployed,  it  needs  to  be  backed  Avith  at  least  inches  of  brickwork  and 
Tiwell  bonded  together. 

Owing  to  the  absorbent  and  porous  nature  of  all  these  materials,  special 
ccare  must  be  taken  that  outer  walls  constructed  of  them  do  not  admit  damp, 
eespecially  when  in  positions  much  exposed  to  rain  and  wind.  Different 
nmeans  are  adopted  for  resisting  the  effects  of  driving  rain ;  in  some  parts, 
wertical  slating  of  the  external  walls  is  used,  while  in  other  places  plain  tiles 
sare  substituted,  and  present  a  much  more  agreeable  appearance. 

Hollow  external  walls  are  almost  sure  preventives  against  damp,  and  by 
tlheir  adoption  in  exposed  localities  the  dwelling  is  not  only  rendered  drier, 
bbut  is  made  warmer  in  winter  and  cooler  in  summer.  They  consist  of  two 
(thicknesses  of  brickwork  separated  by  an  air  space  of  2  or  3  inches,  with 
ja  carefully  devised  admission  of  quter  air,  which  should  circulate  through 
tithe  hoUow  spaces.  The  two  thicknesses  should  be  tied  together  by  bonding 
tties  of  iron ;  bricks  are  not  recommended  for  this  i3urpose,  for  any  existing 
ooutside  moisture  can  be  absorbed  by  the  end  of  the  brick,  and  tlirough  it 
I'conveyed  inwards,  thus  neutralising  the  benefit  that  would  otherwise  be 
liderived.  A  damp-proof  course  is  needed  at  the  top  of  exposed  walls,  such 
aas  parapets  and  chimneys  ;  this  is  usually  provided  by  finishing  the  top  of 
tithe  wall  either  with  a  stone  or  letting  it  project  an  inch  or  two  over  the 
•side,  or  else  having  an  impervious  damp-course  laid  in  the  wall  or  chimney 
lat  its  junction  with  the  roof. 

During  the  building  of  house  walls,  care  should  be  taken  that  the 
■fchimney  flues  are  properly  constructed.  They  should  be  made  as  straight 
las  possible  and  separate  one  from  another.  The  circular  form  is  the  best, 
ifls  it  is  easy  to  clean,  and  the  draught  is  more  regular  through  it.  They 
'should  contain  no  woodwork,  and  may  with  advantage  be  lined  with  a 
casing  of  sheet  iron,  an  arrangement  which  not  only  disconnects  the  flue 
iifrom  the  house  structure,  but  favours  cleansing  and  the  maintenance  of  an 
lup-draught.  All  chimneys  should  be  higher  than  surrounding  buildings,  so 
Ithat  they  may  be  in  no  way  sheltered  when  the  wind  is  in  a  certain  direc- 
ifcion,  nor  a  down-draught  set  up. 

Defects  in  roofs  of  buildings  are  a  frequent  cause  of  dampness.  The 
more  common  materials  used  in  making  roofs  are  slates  and  tiles,  and  less 
ioften,  thatch,  wood,  zinc  and  corrugated  iron.  Slates  should  be  hard  yet 
vnot  brittle,  free  from  streaks  or  flaws  and  give  a  metallic  ring  when  struck. 
iThey  should  not  absorb  more  than  5  per  cent,  of  water  in  twenty- four  hours, 
llf  stood  half  their  depth  in  water  for  several  hours,  the  moisture  should  not 
;rise  to  the  top.  They  should  be  uniform  in  size,  thickness,  and  colour, 
^roughish  and  not  greasy  on  the  surface,  free  from  white  iron  pyrites,  and 
tfrom  large  crystals  of  yellow  pyrites ;  if  of  poor  quality  they  are  apt  to 
"Scale  and  readily  break  away.  Tiles,  like  bricks,  are  made  of  clay,  but 
need  more  careful  drying  and  burning.    They  should  be  hard  and  as  little 
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absorbent  of  water  as  possible.  Thatch  foims  a  warm  and  dry  roof  but  is 
very  liable  to  be  infested  by  birds  and  vermin  ;  the  danger  from  its  liability  ; 
to  fire  is  ^n-eat,  and  on  this  account  it  is  seldom  used.  Wood  is  also  used,  ! 
but  is  open  to  the  same  objection.  Zinc  and  corrugated  iron  are  not  suited 
for  dwelling-houses  ;  they  are  extremely  hot  in  summer  and  cold  wmter. 
In  all  building's  it  is  important  to  see  that  there  is  a  framework  sufhciently 
stron"  to  bear°the  weight  of  the  material  and  in  addition  a  certain  amount 
of  snow  •  in  England  this  is  not  likely  to  accumulate  to  a  greater  depth 
than  6  inches,  and  may  be  taken  at  5  lb  per  superficial  foot  of  horizontal 
surface  The  effect  of  wind  has  also  to  be  provided  for,  and  this  may  be 
taken  at  50  lb  per  square  foot  on  the  surface  perpendicular  to  its  direction. 
Eankine  states  that  the  maximum  observed  in  Great  Britain  is  55  R. 

The  framework  is  usually  made  of  wood.  The  angles  of  roofs  for  differ- 
ent coverings  are  as  foUows  :-Zinc,  4°  ;  large  slates  22° ;  ordinary  slates, 
26°-3  :  pantiles,  24° ;  thatch  of  straw,  45  ;  plain  tiles,  45  .  House  roofs 
should  always  be  covered  with  boarding  laid  at  right  angles  to  the  rafters, 
and  if  possible,  some  non-conducting  material  between  this  and  the  slates 
such  as  "  Slao-.felt,"  which  not  only  makes  the  house  cooler  m  summer,  but 
warmer  in  winter.  Laths  are  nearly  always  substituted  foi-l^oards  in  roofs ; 
this  should  not  be,  as  they  are  much  less  satisfactory.  When .  slates  are 
used  they  should  be  fastened  to  the  boards  witti  zinc  nails ;  composition 
nails  are  sometimes  used,  but  the  heads  break  off.  If  iron  nails  are  used 
thev  should  be  galvanised,  or  boiled  in  linseed  oii.  m    7  • 

The  part  of  each  slate  exposed  to  view  is  caUed  the  gauge.    The  Zap  is 
the  distance  which  the  lower  edge  of  any  course  overlaps  the  slates  of  the 
second  course  below,  measuring  from  the  nail  hole  ;  it  should  not  be  less 
han  2  inches,  but  3  inches  is  better.    The  flatter  the  pitch  the  greater  the 
lap  required.    Tiles  are  often  fastened  with  wooden  pegs  or  hung  on  two 
specialZiections.    Zinc  and  iron  roofs  are  laid  nearly  flat  m  widths,  ^ath 
TerXs  overlapping  to  allow  for  expansion  and  contraction     The  gutters 
iold  chkrS^eys  ^indV-ty  walls  where  they  join  the  roof  are  frequent 
pZes  for  Taks  ;  they  all  should  be  made  of  lead   the  edges  of  which 
sWdTas   weU^nto  t^  brickwork;  cement  if  used  for  this  pm-pose,  1^ 
Hable  to  crack     The  eaves  of  roofs  are  finished  m  different  ways  If 
eaves  boardS'   s  used,  they  should  come  out  some  distance  beyond  the. 
wans  and  ^provided  with  a  gutter  so  as  to  throw  off  the  ram  weU  away 
rom  thrhousi    These  gutters  should  be  made  of  cas  ^'^^^^ 
arvroof  they  may  be  5  inches  deep  with  a  slope  of  1  m  10  "i<^/ies  "jut. 

^V^^o  k^V^S^-^  also  of  cast  iron,  4  inches  in  internal  diameter 
f^l  nlnoed  at  kitervals  of  50  feet.  These  rain-water  pipes  should  discharge 
hitotropeify  tnt^^^^^  rain-water  tanks,  or  over  a  dram  covered  by  a 
into  P^°P^^?^y/;,  ^e^er  be  directly  connected  with  drains  or  sewers, 
S  he?  shou/d  ti^y  be%laced  with  Wr  heads  just  below  bed-room 
neitner  buuai  /.  ,  /  i  ^hev  empty  into  a  tank, 
windows,  more  P^^'^^iy  ™  of  plaster  of  a  coarse  quahty 

For  f-^-^^J^^^^f^^^  wTs  almost  miiversally  adopted  ta 

moisture  0  the  "^^emal  aii  and^^^^^^^^^^^^^  ^rnfshed,  cannot  be  washed,  and 
air  of  ^n^l^jtf  it  flo     papers  and  their  cheap  imitations  are  par- 
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and  flock  papers ;  in  all  cases  where  it  is  necessary  to  repeat  limewasliing, 
;  the  wall  should  be  firsD  scraped  and  the  old  coat  thoroughly  removed. 

Floors  are  best  made  of  impervious  materials  which  can  be  washed. 

■  "Wood,  stone,  or  tile  constitute  the  chief.    Stones  or  tiles  are  suitable  for 

■  sculleries  and  passages,  but  are  cold  for  kitchens  and  living-rooms.  Wood 
1  makes  the  best  flooring,  particularly  if  of  hard  wood,  such  as  oak  or  teak 
:  laid  as  parquet  flooring.  These,  however,  are  very  expensive.  The  ordinary 
1  wood  floor  is  generally  made  of  deal.  If  made  of  deal,  a  floor  can  be  well 
I  laid  down,  provided  that  care  be  taken  to  tongue  and  groove  the  planks 

which  constitute  it.  Cracks  and  crevices  in  floors  should  be  avoided,  as  the 
t  enclosed  space  below,  between  them  and  the  ceiling  of  the  next  room,  is 
apt  to  become  a  huge  receptacle  for  dirt  of  all  kinds.  In  the  commonest 
^  description  of  floors,  the  edges  of  the  boards  are  merely  placed  true  and 
t  the  boards  are  laid  side  by  side  as  close  as  possible  and  then  fixed  by  one 
;  or  two  nails  driven  into  each  joist.  Their  edges  are  then  said  to  be  plain 
or  butt-jointed.  This  mode  of  laying  boards  is  only  tolerable  in  inferior 
1  buildings,  as  open  joints  invariably  occur,  owing  to  the  unavoidable  shrink- 
1  age  of  the  boards.  The  grooved  and  tongued  joint  consists  of  forming  a 
L  groove  or  channel  along  the  edge  of  one  board,  and  a  projection  or  tongue 
\  which  resembles  a  continuous  tenon  to  fit  it  on  the  edge  of  the  other  board, 
t  each  board  having  a  groove  on  one  edge  and  a  tongue  on  the  other.  When 
f  face-nailed,  each  board  should  have  two  nails  where  it  crosses  the  joist. 
J  Skirtings  are  employed  to  hide  the  joint  between  the  walls  and  floor  boards. 
1  They  should,  where  possible,  be  of  tiles,  iron  or  cement,  but  if  of  wood, 
c  they  ought  to  be  let  into  a  groove  in  the  floor,  a  device  which  will  serve  to 
prevent  draughts  coming  through,  and  also  the  accumulation  of  dust  in  the 
holes  and  cracks  which  are  invariably  formed  by  the  shrinking  of  the  joints 
i  and  skirtings. 

When  rooms  in  consecutive  stories  are  only  separated  by  a  single  floor, 
r  measures  must  be  taken  to  prevent  the  passage  of  sound  and  smell.  "  Slao-- 
ffelt,"  a  patent  preparation  of  slag-wool,  has  remarkable  properties  of 
i  deadening  sound  ;  it  further  has  the  advantage  of  being  fire-proof  and  does 
:not  harbour  vermin.  "Pugging,"  wliich  generally  consists  of  plasterers' 
r  rubbish,  iw-dust,  tan,  chopped  straw,  dried  moss,  &c.,  is  objectionable,  and 
s  should  not  be  used  for  obvious  reasons. 

It  remains  now  to  consider  a  few  of  the  chief  points  as  to  the  design 
1  and  arrangement  of  dwelling-houses.  The  chief  object  should  be  to  make 
e  every  use  of  the  whole  space  in  order  to  get  as  much  accommodation  and 

0  comfort  as  possible.  If  possible,  rows  of  houses  should  run  north  and 
^  south,  and  all  square  buildings  should  have  angles  in  these  directions,  so  as 

to  get  some  sunlight  in  every  room.    In  many  modern  houses  the  most 
r  frequent  error  is  perhaps  the  cramped  space  allowed  for  halls  and  staircases. 
Plenty  of  space  should  be  given  for  them,  as,  with  ventilating  windows  at 

■  the  top,  they  constitute  the  central  ventilation  of  the  house.  All  the  rooms 
s  should  be  so  placed  as  to  get  light  and  air  directly  from  the  outside  ;  and 
ilif  there  be  any  passages  or  lobbies  they  should  be  similarly  lighted  and 
t- aired.  No  room  or  closet  which  is  not  in  direct  communication  with  the 
^  outer  air  ought  to  be  used  as  a  sleeping-room. 

The  size  of  rooms  will  depend  upon  questions  of  cost,  convenience,  and 
the  purpose  for  which  they  are  intended.    The  height  of  rooms  should  not 
^  be  less  than  9  feet  and  rarely  need  exceed  12  feet.    Every  room  should 

1  have  at  least  one  window  in  it  which  .opens  to  the  outer  air  direct ; 
'  It  should  open  half  its  size,  extending  nearly  to  the  top  of  the  room 
'and  equal  in  area  to  at  least  one-tenth  of  the  floor  space.    In  addition 
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every  habitable  room  must  have  a  fireplace  and  ought  also  to  liave  some 
ventilating  apertTire,  the  sectional  area  depending  on  the  size  of  the  room 
and  the  number  of  occupants. 

In  the  construction  of  dwellings,  one  of  the  most  important  pomts  is  to 
select  a  proper  position  for  water-closets.  They  should  be  placed  in  a 
separate  or  outstanding  part  of  the  house ;  and  where  there  are  several  water- 
closets,  these  ought  to  be  built  one  over  the  other,  and  quite  confined  to  one 
part  of  the  building.  The  closets  themselves  should  be  of  the  best  construc- 
tion and  efficiently  disconnected  from  the  drains. 

Each  closet  ought  to  have  at  least  one  window  of  a  minimum  superficial 
area  of  2  square  feet  opening  direct  into  the  outer  air,  and  also  have  some 
means  of  special  ventilation,  so  as  to  secure  a  circulation  of  air  independent  y 
of  that  of  the  house.  The  floor  and  walls  to  a  height  of  5  or  6  feet  should 
be  of  glazed  tiles,  and  the  remainder  of  the  wall  and  ceding  ought  to  be 

varnished  or  painted.  ,    ,  ^    ^  t 

The  more  detailed  account  of  the  ultimate  disposal  of  the  contents  ot 
water-closets,  &c.,  as  well  as  their  form  and  construction,  is  given  m 

Chapter  X.  „  ,         ,  i  *. 

Hot  Water  SuppHes.— The  earliest  form  of  hot-water  supply  was  that 
known  as  the  worm-boiler  system.  This  is  stiU  occasionaUy  met  with,  is 
safe  provided  the  supply  of  water  in  the  boiler  is  attended  to,  but  not  very  . 
satisfactory  for  getting  hot  water,  as  the  hot  supply  for  the  kitchen  bemg 
drawn  from  the  boiler  itself  and  not  from  the  worm-system,  if  much  hot 
water  be  taken  from  the  boiler  in  the  kitchen  the  hot  supply  to  the  rest  of 
the  house  is  cooled  down.  On  the  other  hand,  it  is  safe,  as  the  htt  e  feed 
cistern  for  the  boiler  is  too  near  the  kitchen  to  freeze,  and  so  long  as  there  is 
water  in  that  so  will  there  be  water  in  the  boiler.  Even  if  the  pipes  of  the 
worm  system  freeze,  no  explosion  will  follow,  as  the  heat,  bemg  derived  fi-om 
water,  is  never  sufficient. 

Of  more  modern  methods  there  are  two,  namely,  one  with  a  reseryou- 
and  one  without.    The  so-called  reservoir  hot-water  service  is  a  very  eflective 
arrangement.    Its  essential  feature  is  the  introduction  of  a  metalhc  reservoi^ 
usually  of  copper  or  galvanised  iron,  capable  of  bearing  a  P^^J^^ 
to  the  square  inch,  and  placed  between  the  cold  and  hot  supply,  so  that  its 
contained  water  is  heated  by  circulation  from  the  boiler.    This  circulation 
of  water  through  the  system'  is  maintained  by  the  fact  that  hot  water  bemg 
lYghter  than  cold  escapes  or  ascends  through  the  pipes  m  the  top,  and  lla^.  g 
gfvenup  some  of  its  heat  above,  ^^^urns  cooled  by  the  lower  pipe  T^^ 
danc^er  during  frost  from  this  apparatus  exists  m  the  possibihty  of  both  the 
.,Wv  and  escape  pipes  getting  frozen,  in  which  case  the  water  in  the 
Svoi  mig^^^^^^  to'a  rapid  boil  without  the  plug  of  ice  in  tlie  hot  escape 
beTnR    hawed.     This  danger  is  largely  theoretical,_  and  rarely  likely  to 
happVwith  hot  circulating  water  so  near.    The  chief  f-S-^^^^^^^^^^^^ 
the  supplv-pipe  gets  frozen  and  remains  undetected,  m  which  case  the 
boiler  and  leservoir  after  some  length  of  time  might  boil  dry ;  l^^t  l3e  ore 
tkis  couM  occur  there  would  certainly  be  signs  of  unusually  vigorous  boiling 
going  on  in  the  reservoir  to  suggest  that  something  was  ^^'rollg. 
°    An  inferior  and  dangerous  hot-water  apparatus  J^^^^^^^^^^^ 
at  the  back  of  the  kitchen  fire,  having  a  cold  f  ^-pipe  enteiing  its^^^^^^ 
from  a  supply  cistern  placed  at  the  top  of  the  house.    From  the  top  ot  tn 
boiler  runs  a  hot-supply  pipe  which  goes  to  various  parts  of  1^°;^^^^ 
ends  as  an  open  escape  pipe  over,  the  top  of  "^^^^f  .^^f^;;; 
good  working  order  this  arrangement  is  efficient ;  but  du  ng  «      '^^^li  1  1 
are  apt  to  get  frozen  and  blocked,  because  they  are  usually  near  the  roof  and 
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I'xposed  to  cold.  If  the  fire  be  lit  and  the  water  boil,  no  steam  can  escape 
by  either  pipe,  the  result  being  an  explosion.  Sometimes,  instead  of  both 
pipes  getting  frozen,  only  the 
told  feed  to  or  from  the  ^y^^ 
cistern  is  blocked.  In  awhile 
the  water  that  Avas  previously 
in  the  boiler  boils  away,  the 
boiler  itself  gets  red  hot,  and 
1  if  suddenly  the  cold  supply 
I  be  renewed  or  let  in,  the  cold 
\  water  rushing  into  a  red-hot 
1:  boiler  gets  so  rapidly  con- 
\  verted  into  steam  that  a 
\  violent  explosion  follows. 

To  meet  dangers  of  this 
kkind  in  connection  with  frost 
the  best  plan  is  to  empty  the 
pipes  completely  and  discon- 
nect them   from   the  main 
.]  during  the  night  time.  For 
:<  absolute  security,  it  is  recom- 
t  mended  that  a  safety  -  valve 
should    be    fitted   to  every 
k  kitchen  boiler ;  of  these  none 
are  so  simj^le  or  reliable  as 
those   of  dead -weight  con- 
struction without  either  guide, 
spindle  or  wing,  so  that  there 
is  no  fear  of  their  sticking 
f  fast.   The  safety-valve  should 
}  be  fixed  as  near  the  boiler  as 
possible,  the  connecting  pipe 
not  being  more  than  six  inches 
in  length.    It  should  be  en- 
closed in  a  small  cast-iron  box 
"with  a  hinged  door  so  as  to 
be  protected  from  injury,  and  - 

at  the  same  time  admit  of  Fig.  65. 

being  examined  when  neces- 
sary. To  see  that  the  pipe  connecting  the  boiler  with  the  valve  is  open,  the 
valve  should  be  occasionally  lifted,  and  if  the  water  squirts  out  it  will  show 
that  this  is  so.  Such  valves  can  be  fitted  at  trifling  cost,  will  wear  for 
years,  and  at  the  same  time  afford  full  and  reasonable  security  against  the 
undue  accumulation  of  steam  pressure  within  the  boiler. 

Artisans'  Dwellings. — In  selecting  a  site,  it  is  of  great  importance  to 
secure  sufficient  area,  a  well-drained  subsoil  and  a  suitable  aspect.  The 
buildings  should  occupy  about  one-third  of  the  entire  site,  leaving  two-thirds 
for  air,  light,  approaches,  &c.  The  height  of  the  buildings  should  not 
exceed  five  stories  above  the  ground,  on  account  of  fatigue  in  ascent  and 
obstruction  of  light  and  air.  The  yards  are  best  spread  with  a  9-inch  layer 
of  cement  concrete  laid  to  falls  for  drainage ;  it  may  be  finished  with  a 
coating  of  tar-paving. 

Staircases  in  blocks  of  artisans'  dweUings  should  be  built  against  an  outside 
wall,  80  that  windows  may  light  them  :  the  staircase  should  be  made  of  stone 
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or  concrete,  so  as  to  resist  the  action  of  fire.    The  minimum  -width  should 
be  6  feet  9  inches. 

Internal  corridors  are  specially  to  be  avoided,  as  they  are  difficult  to  light 
and  consequently  are  usually  dirty. 

The  internal  arrangement  of  a  tenement  should,  as  far  as  possible, 
assimilate  to  that  of  a  well-planned  country  cottage,  the  size  and  number  of 
the  rooms  depending  upon  local  circumstances.  A  convenient  size  for  the 
living-room  or  kitchen  is  11  feet  wide  by  13  feet  from  front  to  back,  the 
fire-place  being  so  placed  as  to  afford  ample  room  in  case  of  emergency  for 
a  bedstead.  The  windows  should  not  be  less  than  3  feet  6  inches  in  width, 
and  should  extend  to  within  6  inches  of  the  ceihng,  in  order  to  obtain  the 
utmost  light  and  ventilation.  The  room  shoidd  be  fitted  with  a  cooking 
range  3  feet  in  width  and  provided  with  an  oven.  A  food  store,  ventilated 
from  the  external  air,  should  also  be  available.  In  the  Peabody  Buildings 
the  sinks  as  well  as  the  water-closets  are  on  the  staircase  landings,  and  used 
jointly  by  the  occupants  of  two  or  more  tenements ;  they  should  be  open  to 
the  constant  inspection  of  the  superintendents. 

The  bed-rooms  vary  in  size :  usually  they  are  about  1 3  feet  by  9  feet. 
Fanlights  over  the  doors  are  useful  as  ventilators.  Every  bed-room  should 
have  a  fireplace  which  Avill  act  as  a  ventilator. 

The  Model  Bye-laws  of  the  Local  Government  Board  suggest  300 
cubic  feet  of  air  space  for  each  adult  and  150  for  each  child  as  a  minimum  in  a 
sleeping-room ;  it  is  necessary,  therefore,  to  provide  floor  space  equivalent  to 
at  least  6  feet  6  inches  by  5  feet  for  each  adult,  and  5  feet  by  5  feet  3  inches 
for  each  child. 

In  the  country  more  space  is  available,  and  a  labourer's  cottage  comprises 
generally  a  living-room  with  a  small  scullery  attached,  and  sufficient  bed- 
room accommodation.  The  most  economical  arrangement  is  found  in  a  two- 
storied  building,  the  height  of  the  lower  story  of  which  should  be  9  feet, 
and  that  of  the  upper  not  less  than  8  feet.  The  living-room  should  have 
a  minimum  floor  area  of  150  square  feet  and  be  fitted  with  a  cupboard  for 
storing  food,  also  lighted  and  ventilated  by  a  separate  window.  The 
scullery  adjoining  the  living-room  should  be  10  feet  by  7J  feet ;  and  there 
should  be,  if  possible,  a  well-lighted,  cool  and  dry  pantry  with  an  entrance 
from  the  scullery.  The  bed-rooms  for  adults  should  have  at  least  80  feet  of 
floor  area,  and  those  for  children  50  feet :  aU  the  rooms  should  have  fire- 
places in  them.  The  privy  accommodation  and  places  for  deposit  of  refuse 
are  in  these  houses  best  placed  out  of  doors.  They  should  be  conveniently 
placed  and  afford  as  much  privacy  as  is  possible. 

Schools.— The  Education  Department  of  the  Privy  Council  requu-es  all 
schoolrooms  to  have  a  width  from  18  feet  to  22  feet,  and  states,  that  if  the 
width  does  not  exceed  20  feet,  groups  of  three  long  desks  must  be  used, 
but  if  the  width  is  22  feet,  then  dual  desks,  five  rows  deep,  must  be  used. 
Each  child  or  scholar  must  be  allotted  18  inches  on  the  long  desks  with 
gangways  18  inches  wide  between  the  groups.  When  the  dual  desks  are 
used,  and  which  are  40  inches  long,  then  the  gangways  between  them  need 
be  only  16  inches.  The  height  of  the  rooms  must  be  from  12  to  14  feet; 
these  dimensions  give  an  average  floor  space  of  10  square  feet  and  a  cubic 
space  of  about  125  feet  to  each  child.  In  infant  schools,  the  floor  space 
demanded  is  only  8  square  feet  per  child,  which,  with  rooms  of  the  fore- 
going measurements,  gives  scarcely  lOO  cubic  feet  per  head,  iliese 
standards  are  decidedly  low,  and  are  only  permissible  if  the  warming  and 
ventilation  arrangements  are  so  complete  that  the  air  of  the  room  will 
be  constantly  changed  without  draught  or  unduly  affecting  the  room  tem- 
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1  perature.  The  theoretical  requirements  for  a  child  in  an  elementary  school- 
'  room  are  400  cubic  feet,  and  for  a  boy  in  a  large  public  school,  800  cubic 
f  feet  as  minima;  such  amounts  will,  however,  seldom  if  ever  be  obtained. 

The  best  means  for  heating  large  schoolrooms  is  by  steam  or  hot-water 
I  pipes  connected  Avith  some  central  apparatus  in  the  basement. 

The  lighting  of  schoolrooms  is  of  great  importance.  The  window  area 
i  should  not  be  less  than  one-tenth  of  the  floor  area,  and  may  with  advantage 
1  be  made  quite  one-sixth.  Every  window  should  be  carried  up  to  the  ceiling 
:  and  be  made  to  open  from  the  top.  They  should  be  so  placed  as  to  permit 
.  of  light  being  received  direct  from  the  sky  into  the  room.    Roof  lighting 

•  where  practicable  is  the  very  best,  but  failing  this,  opposite  windows  facing 
(  east  and  west  are  to  be  recommended,  since  in  rooms  so  arranged  there  is 
c  dming  school  hours  no  direct  sunlight  for  the  greater  part  of  the  year. 
:  Should  circumstances  permit,  windows  may  be  made  in  the  north  wall  also, 
;  as,  excluding  sunshine,  there  can  never  be  too  much  light.  If  this  is  not 
]  possible,  the  windows  should  be  so  arranged  as  to  admit  the  light  on  the 
;  left  side  of  the  pupils.  For  artificial  lighting,  electric  lights  or  the  incan- 
.  descent  gas  light  is  preferable  to  oil  or  gas,  not  only  on  account  of  the  greater 

•  purity  and  intensity  of  the  light,  but  even  more  from  the  absence  of  heat 
;  and  of  the  products  of  combustion  which  add  so  much  to  the  deterioration  of 
1  the  air. 

The  size  and  position  of  school  desks  and  seats  are  closely  connected  with 
;  lighting  and  its  influence  on  the  eyesight.  The  height  of  the  desk  above 
the  bench  shoidd  be  such  that,  when  the  child  is  sitting  down,  he  can  place 
both  his  forearms  comfortably  on  the  desk,  without  raising  or  depressing  his 
shoulders ;  the  height  of  the  seat  above  the  floor  or  surface  on  which  the 
foot  rests  should  correspond  with  the  length  of  the  child's  leg  from  knee  to 
heel.  When  the  child  is  sitting  down,  his  legs  should  not  dangle  in  the  air, 
nor  should  his  knees  be  elevated  above  the  bench.  The  desk  should  slope 
gently  ;  the  slope  should  not  exceed  an  angle  of  20°,  or  a  difference  between 
the  upper  and  lower  edge  of  the  desk  of  about  3  inches  vertically.  The  seat 
should  be  from  10  to  12  inches  wide  and  hollowed  out  towards  the  back  to 
the  depth  of  an  inch.  Every  seat  should  have  a  back  to  support  the  sitter, 
hoUowed  in  such  a  Avay  that  the  upper  part  of  it  may  fit  the  convexity  of  the 
back. 

The  following  table  gives  the  measurements  of  the  "Hygienic"  desk 
devised  by  Priestley  Smith  and  which  completely  fulfils  all  the  above  con- 
ditions. 


Height  of  Scholars. 


Height  of  seat  from  floor,  , 
Breadth  of  seat, 

Height  of  seat  to  edge  of  desk,  . 
Height  of  seat  to  toj)  of  back,  . 
"Overhang"  of  desk, 

Play  of  desk  

Breadth  of  desk  (front  to  back), . 


No.  1.  No.  2. 

3  ft.  6  iu.-4  ft.  i  ft. -4  ft.  6  in. 


13 
10 

8 
20 

1 

4i 
15 


ins. 


14i  ins. 

11'  „ 

8i  „ 

22  „ 

1 

H  „ 

15  ,, 


No.  3. 
4  ft.  6  ln.-5  ft. 


16  ins. 
12^ 

24  „ 
H  „ 
6  ,, 

17  „ 


As  regards  school  dormitories,  the  usual  width  of  the  room  in  the  Poor- 
Law  schools  is  18  feet,  each  bed  having  a  minimum  of  3  feet  9  inches  of 
wall  space,  36  feet  of  floor  area,  and  360  cubic  feet  of  space.  If  the  room 
is^only  15  feet  wide,  the  wall  space  is  increased  to  4  feet.    There  is  reason 
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to  believe  that  very  few  private  schools,  even  those  of  the  better  class,  afford 
more  than  300  cubic  feet  of  space  per  head  in  their  dormitories,  an  allow- 
ance which  is  quite  inadequate.  Dukes  advocates  for  this  climate  800  cubic 
feet  of  space  with  some  70  square  feet  of  floor  area  for  each  child  in  all 
school  dormitories,  and  certainly  the  amount  of  ventilation  necessary  to  keej) 
a  smaller  space  wholesome  would  be  found  almost  intolerable  in  cold  weather. 

The  system  of  closed  cubicles  adopted  in  some  of  the  large  public  schools 
is  to  be  condemned  on  sanitary  grounds ;  neither  should  dormitories  be  used 
as  places  to  study  in  during  the  day.  The  ventilation  of  dormitories  should 
be  carefully  seen  to  ;  where  gas  is  used  for  lighting,  means  should  be  adopted 
to  carry  off  the  products  of  combustion,  so  as  not  to  deteriorate  the  air ;  ou 
no  account  should  it  be  used  for  heating  purposes. 

In  school  lavatories,  supervision  needs  to  be  exercised  to  see  that  all 
children  wash  daily,  and  that  no  two  of  them  use  the  same  water.  Each 
child  should  have  a  separate  towel,  and  the  u?e  of  roller  towels  forbidden. 
The  regulations  of  the  Local  Government  Board  lay  down  that  bathing 
arrangements  in  the  Poor-Law  schools  must  admit  of  every  child  being 
bathed  at  least  once  a  week  in  winter  and  twice  a  week  in  summer,  and 
certainly  in  other  schools  the  bathing  facilities  ought  not  to  be  less. 

The  amount  of  closet  accommodation  for  schools  is  of  importance  ;  it 
should  be  at  least  15  per  cent,  for  girls,  and  10  per  cent,  for  boys  with  in 
addition  5  per  cent,  of  urinals.  The  closets  should  be  placed  out  of  doors 
at  a  convenient  distance  and  well  lighted.  The  kind  best  adapted  for 
schools  is  the  trough  or  flush  closet.  Several  schools  have  tried  the  dry 
earth  system,  but  with  only  partial  success  :  it  is  quite  unsuitable  for  closets 
for  girls  for  obvious  reasons. 

In  all  schools  a  proper  cloak-room  should  be  provided.  The  result  of 
heaping  together  a  mass  of  foul  garments  may  be  easily  imagined ;  zymotic 
disease  or  vermin  may  be  disseminated,  and  clothes  acquire  a  disagreeable 

odour.  . 

Examination  of  Dwellings,  &c.— In  examining  a. house  to  discover  the 
soiu'ces  of  unhealthiness,  it  is  best  to  begin  at  the  foundation,  and  to  con- 
sider first  the  site  and  basements,  then  the  living  and  sleeping  rooms  (as  to 
size,  cubic  contents,  and  number  of  persons,  and  condition  of  walls  and 
floors'),  ventilation,  water-supply,  and  plans  of  waste-water  and  sewage 
removal,  in  regular  order. 

The  following  memorandum,  written  by  Eassie,  shows  the  general  prin- 
ciples on  which  engineers  usually  examine  a  house. 

"  Sanitary  enmneers  consider  thai;  an  iinusnal  smell  is  generally  the  first  evidence  o|: 
something  wi-ong%nd  that,  traced  to  its  source,  the  evil  is  ha  f  ciired.  They  inspect 
first  the  .frainage  arrangements.  If  the  ba.ement  generally  smells  offensive  they  search 
for  a  leaking  drain-pipe%-.c.,  a  pipe  badly  jointed  or  broken  by  settlement,  and  these 
will  often  show  themselVes  by  a  dampness  of  the  paving  around.  I  .;P°^  "^W-  * 
turns  out  that  rats  are  often  seen,  they  come  to  the  conclusion  t^^'^t  ?  ^'^^^^g 
in  direct  communication  with  the  sewer,  or  some  old  brick  ^^^"•'=^-'^™V";/°™ 
exanune  the  traps  and  lead  bends  which  join  the  dram-pipes  to  see  f  ^^^^  f  l^j^^^^ 
or  faulty.  If  the  smell  arises  from  any  particular  sink  or  trap,_  it  is  plain  that  there 
°s  no  ventilation  of  the  drain,  and  more  especially  .disconnection  be  ween  th  house 
and  the  sewer,  or,  at  least,  no  trap  at  the  house-drain  delivery  into  t'f  J^^^f';  * 
country  house  be  mider  examination,  a  smell  at  the  sink  will  in  nearly  every  ca  e  be 
traced  to  an  unvcntilated  cesspool  ;  and,  in  opening  up  the  f;"'  «  «  ^ 

!i  otitp  of  thincrs  thev  will  take  care  that  a  candle  is  not  brought  ncai,  so  as  w 
:^::.itX^y'u  tl        i«  fun  of  foul  black  water,  iXg-ted^wiIJi  sewe^^^ 
they  partly  account  for  the  smell  by  the  neglect  of  flushing     If  the  f  j'"^^^^^^^^^^^ 
a  d  scullery  wastes  are  in  good  order,  and  the  smell  is  still  observable  they  seal ch  the 
ritr'cSVoonis,  and  frequently  find  an  old  floor  trap  -itjout  -^er.  bro^^^^^^ 
to  the  drain.    If  the  smell  be  ammoniacal  lu  character,  they  tiace  the  stame  aiauis 


EXAMINATION  OF  DWELLINGS. 


521 


?e  if  they  lead  into  the  same  pit,  and  if  so,  argue  a  weak  pipe  on  the  route,  especially 
■,  as  iu  some  Loudon  mansions,  the  stable-drains  run  from  the  mews  at  the  back, 
luoiigh  the  house,  to  the  front  street  sewer.'' 

"Should  a  bad  persistent  smell  be  complained  of  mostly  in  the  bed-room  floor,  they 
:ek  for  an  untrapped  or  defective  closet,  a  burst  soil-pipe,  a  bad  junction  between  the 
>ad  and  the  cast-iron  portion  of  the  soil-pipe  behind  the  casings,  &c.,  or  an  improper 
jnnection  with  the  drain  below.  They  will  examine  how  the  soil-pipe  is  jointed  there, 
nd,  if  the  joint  be  inside  the  house,  will  carefully  attend  to  it.  They  will  also  remove 
;ie  closet  framing,  and  ascertain  if  any  filth  has  overflowed  and  saturated  the  flooring, 
1-  if  the  safe  imderneath  the  apparatus  be  full  of  any  liquid.  If  the  smell  be  only 
ccasional,  they  conclude  that  it  has  arisen  when  the  closec  handle  has  been  lifted  in 
rdinary  use  or  to  emptj' slops,  and  satisfy  themselves  that  the  soil-pipe  is  unventilated. 
Iiey,  moreover,  examine  the  bath  and  lavatory  waste-pipes,  if  they  are  untrapped, 
mi,  if  trapped  by  a  sigmoidal  bend,  whether  the  trapping  water  is  not  always  with- 
rawn  owing  to  the  siphon  action  in  the  full-running  pipe.  They  will  trace  all  these 
ater-pipes  down  to  the  sewer,  ascertain  if  they  wrongly  enter  the  soil-pipe,  the  closet- 
ap,  or  a  rain-water  pipe  in  connection  with  the  sewer.'' 

"  If  the  smell  be  perceived  for  the  most  part  in  the  attics,  and,  as  they  consider, 
;arcely  attributable  to  any  of  the  foregoing  evils,  they  will  see  whether  or  not  the 
lin-water  pipes,  which  terminate  in  the  gutters,  are  solely  acting  as  drain  ventilators, 
lid  blowing  into  the  dormer  windows.  They  will  also  examine  the  cisterns  of  rain- 
ater,  if  there  be  any  in  the  other  portions  of  the  attics,  as  very  often  they  are  full  of 
utridity." 

"  A  slight  escape  of  impure  air  from  the  drains  may  be  difficult  to  detect,  and  the 
iiell  may  be  attributed  to  want  of  ventilation,  or  a  complication  of  matters  may  arise 
cm  a  slight  escape  of  gas.  Neither  are  all  dangerous  smells  of  a  foul  nature,  as  there 
i  a  close  sweet  smell  which  is  even  worse.  Should  the  drains  and  doubtful  places  have 
sen  previously  treated  by  the  inmates  to  strongly  smelling  disinfectants,  or  the  vermin 
illed  by  poison,  the  inspectors  of  nuisances  will  find  it  difficult  to  separate  the  smells. 
n  such  a  case,  however,  they  will  examine  the  state  of  the  ground  under  the  basement 
coring,  and  feel  certain  that  there  are  no  disused  cesspools,  or  any  sewage  saturation 
f  any  sort.  They  will  also  ascertain  if  there  be  any  stoppage  in  the  drain-pipes,  by 
iking  up  a  yard  trap  in  the  line  of  the  drain  course,  and  noting  the  reappearance  of 
iG  lime-water  which  they  had  thrown  down  the  sinks.  And  invariably,  after  eftecting 
cure  for  any  evil  which  has  been  discovered,  they  will  leave  the  traps  cleaned  out  and 
lie  drains  well  flushed." 

"  A  thoroughly  drained  house  has  always  a  disconne£.tlQnjhamber  placed  between  the 
ouse  drain  and  the  sewer  or  other  outlaITT  nuTchamber  is  foTined  of  a  raking  siphon, 
lid  about  two  feet  of  open  channel  pipe,  built  around  by  brickwork  and  covered  by  an 
on  man-hole.  Fresh  air  is  taken  into  this  chamber  by  an  open  grating  in  the  man- 
ole,  or  by  an  underground  pipe,  and  the  air  thus  constantly  taken  into  the  chamber 
Durses  along  inside  the  drain,  and  is  as  continuously  discharged  at  the  ventilated 
Dutinuations  of  the  soil-pipes,  which  are  left  untrapped  at  the  foot,  or  at  special  ven- 
lating  pipes  at  each  end  of  the  drain.  This  air-current  iu  the  drain  prevents  all 
;agnation  and  smell." 

"  When  a  house  is  undergoing  examination,  it  is  wise  to  test  for  lighting-gas  leakages, 
nd  there  is  only  one  scientific  method  of  doing  so,  which  is  as  follows  : — Every  burner 
'  plugged  up  save  one,  and  to  that  is  attached  a  tube  in  connection  with  an  air  force- 
uinp  and  gauge— the  meter  having  been  previously  disconnected.  Air  is  then  pumped 
ito  the  whole  system  of  pipes,  and  the  stop-cock  turned,  and  if,  after  working  the 
ump  for  some  time,  and  stopping  it,  the  gauge  shows  no  signs  of  sinking,  the  pipes 
lay  be  taken  as  in  safe  condition  ;  but  if  the  mercury  in  the  gauge  falls,  owing  to  the 
scape  of  air  from  the  gas-tubes,  there  is  a  leak  in  them,  which  is  discoverable  by  pour- 
ig  a  little  ether  into  the  pipe  close  by  the  gauge,  and  recommencing  pumping.  Very 
nnute  holes  can  be  detected  by  lathering  the  pipes  with  soap  and  water,  and  making 
se  of  the  pump  to  create  soap  bubbles." 

"  Besides  the  drainage,  they  will,  especially  if  they  detect  a  bad  and  dank  smell,  see  if 
.  arises  from  the  want  of  a  damp-proot  course  or  of  a  dry  area,  see  if  there  be  a  wet  soil 
nder  the  basement  floor,  a  faulty  pipe  inside  the  wall,  an  unsound  leaden  gutter  on 
le  top  of  the  wall,  or  an  overflowing  box-gutter  in  the  roof,  a  leaky  slatage,  a  porous 
all,^  a  wall  too  thin,  and  so  on."  '  j         o.  i 

1  f'l?'^*' u^^'^^  ^'^^^  '^^^  "P""  condition  of  the  ventilating  arrangements,  and 
nether  the  evds  complained  of  are  not  mainly  duo  to  defects  there.  The  immediate 
uroundings  of  the  house  will  also  be  noted,  and  any  nuisances  estimated." 

banitary  inspectors,  whilst  examining  into  the  condition  of  the  drains,  always 
vamine  the  water  cisterns  at  the  same  time,  and  discover  whether  the  cistern  which 
loiQs  tne  arinkmg  water  supplies  as  well  the  flushing  water  of  the  closets.    They  will 


522  HABITATIONS. 


also  ascertein  if  the  overflow  pipe  of  the  cistern,  or  of  a  separate  drinking-water  cistern, 
passes  directly  into  the  drain." 

"  If  the  overflow  pipe  be  siphon  trapped  and  the  water  rarely  changed  in  the  trap,  or 
only  when  the  ball-cock  is  out  of  order,  they  will  point  out  the  fallacy  of  such  trapping, 
and,  speaking  of  traps  generally,  they  will  look  suspiciously  on  every  one  of  them, 
endeavour  to  render  them  supererogatory  by  a  thorough  ventilation  and  disconnection 
of  the  drains." 

Hospitals.-— The  term  "  hospital"  includes  a  great  variety  of  institutions 
having  for  their  object  the  treatment  and  care  of  the  sick.  These  institu- 
tions may  be  divided  into  two  main  sections  :  (1)  general  hospitals^  and  (2) 
special  hospitals. 

General  hospitals  will  include  all  the  hospitals  which  receive  all  kinds  of 
medical  and  surgical  diseases  except  infectious  fevers  and  chronic  incurable 
and  mental  diseases.  They  include  county  infirmaries  and  the  large  and 
increasing  class  of  buildings  called  cottage  hospitals  and  the  infirmaries  built 
and  administered  under  the  Poor-Law  system. 

Special  hospitals  include  fever  and  small-pox,  lying-in,  consumption, 
children,  incurable  and  chronic,  convalescent,  sea-bathing,  eye,  ear,  throat, 
skin  and  cancer  hospitals.  This  group  of  hospitals  can  be  further  and 
conveniently  divided  into  (a)  those  not  for  infectious  diseases,  and  (b)  those 
for  infectious  diseases. 

All  that  has  been  said  in  respect  of  site,  surroundings,  and  construction 
of  houses  and  schools  applies  with  still  greater  force  to  hospitals.  As  chari- 
table institutions,  existing  for  the  purpose  of  affording  medical  and  surgical 
aid  to  the  sick  poor,  hospitals,  on  economical  grounds,  have  largely  to  be  so 
constructed  that  the  patients  may  be  grouped  together  in  general  wards. 
It  is  this  aggregation  of  large  numbers  of  sick  or  diseased  persons  under  one 
building  that  constitutes  the  most  important  factor  in  hospital  hygiene.  It 
has  long  been  known  that  overcrowding  in  the  wards  of  hospitals  is  produc- 
tive of  the  worst  results,  particularly  in  surgical  wards,  where  the  neglect 
of  proper  sanitary  measures  produces  the  class  of  diseases  known  as  '  septic, 
of  which  well-known  forms  are  erysipelas  and  blood-poisoning.  Bearing 
this  fact  in  mind,  we  are  able  to  understand  that  the  chief  conditions  to  be 
avoided  in  all  hospitals  are  :  (1)  insufficiency  of  cubic  space;  (2)  metticient 
ventilation;  (3)  improper  arrangements  for  the  removal  of  excreta,  refuse, 
soiled  linen,  dressings,  poultices,  &c. ;  (4)  faulty  arrangements  of  the  buildings. 

General  hospitals  should  always  be  placed  withm  a  reasonable  dis- 
tance of  the  population  whose  needs  they  serve.  This  essential  feature 
naturally  raises  a  difficulty  as  to  site,  especially  in  the  large  towns,  ihe 
importance  of  a  free  air  space  round  about  a  hospital  cannot  be  over- 
estimated, and,  as  illustrating  the  value  attached  abroad  to  this  condition, 
the  foUowing  table  by  Gordon  Smith  is  both  suggestive  and  interesting 

Approximate  area  of  site  per  bed. 
Name  of  HoBpital.  in  square  f  eet. 

Friedrichshain  (Berlin), 
Tempelhof  ,,  ■  • 

Moabit  ,,  •  • 

University  (Halle), 
University  (Heidelberg), 
Bourges  (France),  . 
St  Eloi  (Montpelier),  . 
St  Denis  (France), 
Antwerj)  (Belgium), 
Johns  Hopkins  (Baltimore),  . 
St  Thomas's  (London), 
St  George's        ,,  •  • 

Middlesex         ,,  •  • 

Great  Northern  Central  (London), 


1713 
1808 
1144 
1575 
1070 
1600 
1615 
1685 
1126 
1679 
660 
166 
273 
293 
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The  remarkable  disparity  of  the  approximate  area  of  the  site  per  bed 
between  some  of  tlie  Continental  and  English  hospitals  is  at  once  obvious, 
but  in  several  of  the  institutions  in  the  foregoing  list  the  very  large  pro- 
portion of  site  area  to  bed  is  due  to  the  fact  that  the  ward  pavilions  are  all 
J  limited  to  one  story.    Owing  to  the  great  value  of  land,  this  mode  of  con- 
s  struction  can  rarely  be  adopted  in  this  country,  more  especially  in  London 
0  or  the  larger  provincial  towns. 

In  every  hospital  of  whatever  size  there  must  always  be  : — (a)  Adminis- 
Etration  offices;  (b)  wards  and  their  offices;  (c)  operation  room,  with 
s  subsidiary  rooms ;  (d)  out-patient  department ;  (e)  mortuary  and  post- 
n  mortem  room ;  to  these  will  be  added  in  the  case  of  very  large  hospitals,  (/) 
li  laundry ;  (g)  nurses'  home ;  (7i)  medical  school. 

The  precise  disposition  of  these  several  parts  of  the  hospital,  in  relation 
t-  to  each  other,  of  necessity  greatly  depends  on  the  size  of  the  hospital,  and 

0  on  the  shape  and  area  of  the  site.  In  Heidelberg,  Berne,  Baltimore  and 
s  several  other  continental  hospitals  each  of  these  departments  has  been  placed 

1  in  an  absolutely  separate  building,  and  in  some  cases  (Baltimore)  uncon- 
nnected  by  even  covered  ways.  The  drawbacks  to  this  mode  of  arrange- 
r  ment  are  :  (1)  the  great  extent  of  land  necessarily  occupied ;  (2)  the  greater 
f  proportional  cost  of  both  land  and  buildings  as  well  as  of  administration. 
1  The  value  of  a  sufficiency  of  open  space  about  a  hospital  is  undoubtedly 
\  very  great,  but  in  cases  where  the  cost  of  land  is  so  great  as  it  is  in  London 
a  and  some  provincial  towns  the  absolute  necessity  for  so  large  an  area  of  site 
\.  per  bed  may  reasonably  be  questioned.  The  chief  defect  usuaUy  met  with 
i  in  the  older  and  in  some  of  the  newer  hospitals  is  the  absence  of  efiective 
s  separation  of  the  wards  from  the  other  parts,  with  due  regard  to  economy 
I  of  construction.  Consequently,  it  may  be  stated  that  the  really  essential 
1.  principles  which  should  guide  us  in  constructing  a  hospital  are,  briefly :  (1) 
a  an  avoidance  of  all  intimate  connection  between  the  wards  and  the  admini- 
s  stration  buildings ;  (2)  separation  of  medical  from  surgical  wards ;  (3) 
c  complete  atmospheric  disconnection  between  the  wards  on  the  one  hand, 
a  and  the  mortuary,  laundry,  and  out-patient  department  on  the  other. 

To  secure  these  results,  the  most  common  plan  now  is  to  build  hospitals 
i:  upon  Avhat  is  called  the  pavilion  system.  This  system  is  merely  the  arrang- 
i  ing,  on  a  plot  of  ground,  of  a  series  of  one,  two  or  more  story  buildings, 
:  called  pavilions,  and  connecting  them  together  by  corridors  or  covered  ways. 
1  The  individual  pavilions  or  blocks  of  buildings  may  be  of  any  shape  or  size, 
»  as,  for  instance,  in  the  Great  Northern  Central  Hospital,  London,  where, 
a  although  there  are  both  circular  and  oblong  wards,  they  are  all  practically 
t  isolated  from  each  other  and  from  the  rest  of  the  hospital.  Care  should  be 
t  taken  to  see  that  the  various  buildings  are  not  so  close  to  each  other  as  to 
3  seriously  interfere  with  the  free  circulation  of  air,  or  shut  out  light,  A  good 
r  rule  to  adopt  is,  if  of  two  buildings  one  is  higher  than  the  other,  the  distance 
t  between  them  must  be  equal  to  the  height  of  the  higher ;  if  two  buildings 
»  are  of  the  same  height,  then  the  distance  must  be  one  and  a  half  times  their 
r  height. 

While  no  particular  hospital  can  be  quoted  as  an  ideal  or  perfect  type 
0  of  what  a  hospital  should  be  both  in  planning  and  construction,  still,  as 
1-  illustrating  how  the  essential  principles  of  the  separation  of  parts  can  be 
f  complied  with  upon  a  comparatively  small  area  of  site  per  patient,  few  exist- 
ing hospitals  afford  this  object  lesson  so  well  as  the  Great  Northern  Central 
'1  of  London.  The  general  arrangement  of  the  administration  block  will 
necessarily  vary  with  the  size  of  the  hospital.  For  a  large  building  the 
J  ottices  will  be  numerous  and  the  residential  part  extensive ;  but  the  modern 
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custom  of  housing  the  nursing  staff  in  a  separate  building  very  mucli  reduces  [ 
the  amount  of  accommodation  to  be  provided  in  the  main  administration  i 
block.    In  some  modern  hospitals,  the  kitchen  offices,  with  the  dormitories  i 
for  servants,  are  placed  in  a  separate  block,  thus  still  further  reducing  the  I 
main  block.    Practically,  the  administration  block  of  most  hospitals  com-| 
prises  the  secretary's  office,  board-room,  residences  for  medical  staft',  matron 
and  secretary,  steward's  office,  storerooms,  kitchen  offices,  and  servants' 
dormitories.    To  these  may  be  added  a  consultation  room  for  the  professional 
staff  and  an  office  for  the  matron.    The  kitchen  offices  may  be  advantage- 
ously placed  on  the  top  floor,  and  the  stores  in  the  basement,  with  com- 
munication between  the  two  by  means  of  a  lift  and  speaking-tube.  Separate 
dining-rooms  should  be  provided  for  male  and  female  servants. 

Wards. — The  ward  of  a  hospital  may  be  regarded  as  the  central  unit  of 
hospital  construction.  The  buildings  in  which  they  are  placed  should  be 
detached,  on  the  pavilion  system,  and  so  disposed  as  to  obtain  the  greatest 
amount  of  air  and  light.  With  detached  buildings  the  size  of  a  hospital  is 
dependent  merely  on  the  facility  of  administration. 

There  can  be  no  doubt  that  the  necessity  for  an  unlimited  supply  of  air  is 
the  cardinal  consideration  in  the  erection  of  hospitals,  and,  in  fact,  must 
govern  the  construction  of  the  buildings.  For  many  diseases,  especially 
the  acute,  the  merest  hovels  with  plenty  of  air  are  better  than  the  most 
costly  hospitals  without  it.  It  is  ill-judged  humanity  to  overcrowd  febrile 
patients  into  a  building,  merely  because  it  is  called  a  hospital,  when  the 
very  fact  of  the  overcrowding  lessens  or  even  destroys  its  usefuhiess. 

In  order  to  keep  the  air  in  a  hospital  pure,  it  is  necessary  to  fix  some 
standard  for  the  minimum  cubic  space  required  by  each  sick  person,  and  to 
provide  for  a  change  of  atmosphere  sufficient  to  maintain  health,  but  not  so 
frequent  as  to  cause  draughts.  It  may  be  laid  down  as  a  good  rule  that 
the  number  of  patients  under  one  roof  or  in  any  one  pavilion  shoiild  not 
exceed  100  to  120 ;  for  surgical  cases,  80  to  100  would  be  better. 

As  a  general  rule,  it  may  be  said  that  large  wards  are  more  readily 
ventilated,  warmed  and  managed  than  small  ones.  The  most  general  form 
of  hospital  wards  is  rectangular ;  but  in  a  few  hospitals  they  are  circular ; 
and  in  the  Johns  Hopkins  Hospital,  Baltimore,  there  are  octagonal  wards. 
The  dimensions  of  wards  are  dependent  upon  the  number  of  patients  to  be 
accommodated  and  the  amount  of  cubic  space  to  be  allotted  to  each.  Rec- 
tangular wards  vary  from  24  to  30  feet  in  width,  13  to  14  feet  m  height, 
and  from  30  to  over  100  feet  in  length.  Each  patient  should  have  fi-om 
100  to  120  square  feet  of  floor  area,  and  from  1500  to  2000  cubic  feet  of 
air  space.  For  fever,  severe  surgical  or  lying-in  cases,  the  requirements  are 
greater,  being  about  3000  cubic  feet  of  air  space  and  140  square  feet  of 
floor  area.  Experience  shows  that  nursing  is  best  carried  out  when  the 
number  of  beds  in  a  ward  do  not  exceed  thirty  or  thirty-two.  These  beds 
are  best  arranged  with  their  heads  to  the  wall  and  facing  into  the  ward. 
Each  bed  should  be  placed  between  two  windows,  or,  at  most,  two  beds  in 
between  two  windows.  , 

Where  possible,  the  ventilation  should  be  natural,  i.e.,  dependent  on  tne 
movement  of  the  outer  air,  and  on  inequalities  of  weight  of  the  external 
and  internal  air.  The  reason  of  this  is,  that  a  much  more  efficient  ventUa- 
tion  can  be  obtained  at  a  cheaper  cost  than  by  any  artificial  means.  Also, 
by  means  of  open  doors  and  windows,  we  can  obtain  at  any  moment  any 
amount  of  ventilation  in  a  special  ward,  whereas  local  alterations  of  thi. 
kind  are  not  possible  in  any  artificial  system.  The  amount  of  air,  also, 
which  any  artificial  system  can  give  cheaply  is  comparatively  limited.  xa« 
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^  bmount  of  air  should  be  restricted  only  by  the  necessity  of  not  allowing  its 
■<   movement  to  be  too  perceptible. 

Ventilation  by  ^vindoAvs  and  fireplaces,  assisted  by  additional  inlets  and 
tlHOutlets,  is  the  usual  system  employed  in  this  country.    Inlets  are  made 
!-|iandependent  of  the  windows ;  usually  a  Sherringham  valve  is  placed  near 
sttithe  ceiling,  or  a  Tobin's  tube  with  openings  at  about  6  feet  from  the  floor 
devel.    If  the  incoming  air  is  too  cold  this  may  be  warmed  by  passing  it 
ix)ver  a  steam  coil  or  hot-water  pipes.    It  may  further  be  filtered  and  washed 
vby  passing  it  through  moist  canvas  screens  as  carried  out  at  the  New  General 
niospital  in  Birmingham. 

Windows  are  best  placed  opposite  one  another,  and  should  extend  from 
1 3  feet  above  the  floor  to  within  6  inches  of  the  ceiling  ;  the  upper  part  may 
)ibe  so  made  as  to  fall  inwards  and  form  a  hopper  ventilator.    They  "should 
s  ikll  be  capable  of  being  opened  at  their  upper  parts.    One  square  foot  of 
J  ifwindow  area  may  be  provided  for  every  80  cubic  feet  of  space  in  the  ward, 
g        With  an  open  fireplace  in  a  ward,  the  chimney  acts  as  an  extracting  shaft 
ifif  a  fire  is  kept  burning,  and  for  this  reason  it  should  be  placed  in  the 
J  r«centre  of  a  ward ;   it  also  distributes  thence  its  heat  more  equably.  As 
!l  wadditional  outlets,  vertical  shafts  should  be  carried  from  the  room  to  above 
I  tithe  roof ;  these  are  best  made  of  galvanised  iron,  and  may  be  fitted  at  the 
It  ktop  with  a  Boyle's  ventilating  cowl  or  some  similar  contrivance  :  they 
(  ilshould  be  perfectly  straight  and  vertical,  any  bends  only  cause  friction. 
(  I  They  should  be  of  such  a  size  as  will  ensure  a  moderate  current  of  air 
tl through  them.     The  movement  of  air  in  the  shaft  will  depend  on  the 
n:  movement  of  the  external  air,  but  Avill  rarely  be  less  than  3  or  4  feet  per 
SI  second.   These  shafts  should  never  exceed  144  square  inches  in  area.  With 
p  proper  inlets  for  air,  these  shafts  will  afford  continuous  and  adequate  ven ti- 
ls lation,  and  may  be  supplemented  as  occasion  requires  by  opening  the 
» windows.    With  a  proper  system  of  ventilation  in  which  large  masses  of 
|c'<5old  air  are  continually  replacing  a  large  volume  of  heated  air,  a  proper 
system  of  warming  the  wards  is  essential.    The  open  fire  is  not  sufficient 
for  this  purpose,  and  this  has  to  be  supplemented  by  some  other  method, 
i;  High-pressure  hot- water  pipes  or  low-pressure  steam  pipes  carried  round  the 
:  outer  walls  of  the  ward  is  the  most  convenient  arrangement.  Sometimes 
pipes  of  different  dimensions  are  used,  so  that  each  pipe  may  be  turned  on 
separately,  or  used  in  combination  with  another  :  this  plan  allows  of  the 
'  temperature  of  the  wards  being  regulated  to  any  degree  of  heat ;  it  may  be 
so  arranged  that  the  incoming  air  may  be  warmed  by  passing  over  some 
branch  of  these  steam  pipes,  and  this  would  prevent  the  feeling  of  draught 
\'-  from  the  cold  air  entering  through  the  open  inlets. 

'       In  some  hospitals,  as  the  Eppendorf  Hospital  at  Hamburg,  steam  pipes 
'  are  placed  beneath  the  floor  :  in  such  an  arrangement,  which  is  generally 
1.  apphed  to  a  building  of  one  story,  the  floor  is  laid  with  "terazzo  "  (pieces  of 
j.i  marble  laid  in  cement) ;  this  plan  is  inadmissible  with  wooden  floors  ;  under 
;  the  flooring  are  a  series  of  channels  2  feet  6  inches  wide,  in  each  of  which 
runs  a  steam  pipe,  supported  on  iron  rails.   The  steam  is  supplied  by  a  boiler, 
each  pavilion  being  provided  with  its  own  boiler.    In  addition  in  each  ward 
j  >  are  two  steam  radiators  which  are  connected  by  tubes  with  the  outer  air. 

This  system  of  heating  the  floors  of  wards  is  generally  adopted  on  the 
;  Continent  now  ;  it  is  claimed  for  it  that  it  has  the  following  advantages :  . 
I  (1)  it  renders  possible  the  use  of  an  impervious  material  for  floor  surfaces  ; 
I  (2)  that  the  greatest  warmth  is  at  the  part  needed,  that  is,  nearest  the  feet ; 
111  and  (3)  the  air  being  constantly  circulating,  the  system  materially  assists 
■v  ventilation.    In  one-story  buildings,  in  place  of  outlet  shafts  as  described 
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above,  ridge  ventilation  is  usually  resorted  to:  the  best  foim  is  a  "roof 
lantern  "  running  about  two-tliirds  the  length  of  the  w^ard. 

The  position  of  water-closets  and  sinks  is  a  matter  for  careful  considera- 
tion.   The  most  complete  severance  of  all  atmospheric  connection  between 
the  Avard  and  the  closets  should  be  aimed  at,  and  this  is  best  attained  when  I 
the  closets  are  entered  from  an  intervening  lobby  or  from  the  open  air.    In ! 
some  of  the  most  recently  built  hospitals  the  form  of  the  intervening  lobby  j 
is  a  sort  of  covered  bridge,  the  object  being  to  give  as  free  play  as  possible 
to  the  air,  so  as  to  prevent  stagnation  in  the  vicmity  of  the  ward.  Thet 
removal  of  excreta  must  be  by  water,  except  in  the  tropics,  where  this  I 
plan  is  not  always  available.    In  hospitals,  nothing  else  can  be  depended 
upon,  as  regards  certainty  and  rapidity.    The  best  arrangement  for  closets 


Fig.  66. 


is  not  the  handle  and  plug,  wliich  very  feeble  patients  will  not  lift ;  but  a 
bell- pull  wire  or  chain  connected  with  a  Avater-waste  preventer  that  has  a 
siphon  action  ;  a  very  short  pull  of  the  chain  is  sufficient  to  set  the  siphon 
acting  and  ensure  proper  flushing  by  the  most  careless  persons.  This  plan 
is  better  than  the  self-acting  spring  seat,  which  is  not  always  easily  de- 
pressed by  a  thin  patient.  The  number  of  water-closets  required  may 
usually  be  reckoned  as  one  for  every  twelve  beds.  In  close  proximity  to 
the  closets  should  be  a  separate  space,  enclosed  for  a  slop  sink,  and  also  for 
keeping  bed  pans,  &c.  It  should  be  provided  with  water  for  washing  these 
vessels.  The  place  should  have  ample  light  and  preferably  be  provided 
with  a  glass  panel  in  the  door,  so  as  always  to  he  under  inspection.  It 
should  be  ventilated  direct  into  the  outer  air. 

The  floors  of  hospital  wards  should,  if  possible,  be  fire-proof.    Such  a 


GENERAL  HOSPITALS.  527 

u 

Ifloor  may  be  constructed  of  iron  beams  embedded  ni  cement,  on  which  is 
iaid  a  sohd  and  impervious  floor  surface.  Solid  oak  or  teak  parquet  laid 
iion  the  surface  of  the  cement  is  the  best  arrangement,  but  is  expensive. 
TTongued  floors  of  the  same  wood,  with  the  intervening  spaces  filled  in 
n-with  white  lead  or  marine  glue,  forms  an  excellent  floor  and  is  cheaper. 
sSuch  floors,  if  properly  laid  and  of  well-seasoned  wood,  when  paraffined, 
dorm  a  practically  impervious  solid  surface.  The  paraffin  treatment  of  floor 
fisurfaces  is  as  follows  :— The  paraffin  is  melted  and  then  poured  on  the  floor, 
uand  ironed  into  it  with  a  box-iron,  heated  from  the  interior  by  burning 
:]charcoal;  it  penetrates  about  a  quarter  of  an  inch  into  the  wood.  The 
-excess  of  paraffin  is  scraped  off,  and  the  floor  brushed  with  a  hard  brush ;  a 
..httle  paraffin  in  turpentine  is  then  put  on  and  the  flooring  is  good  for 
\-  years. 

The  material  best  adapted  for  the  wall  surfaces  of  a  ward  is  perhaps  one 
ivof  the  most  difficult  problems  in  hospital  construction.  Various  means 
ihave  been  taken  to  secure  a  truly  impervious  surface,  and  Parian  cement 


Fig.  67. 

was  supposed  to  fulfil  the  necessary  requirements.    In  practice,  however,  it 
^"  was  found  to  be  anything  but  impervious,  and  experiments  made  show  it 
to  be  almost  as  absorbent  as  ordinary  plaster.    The  best  material  is,  perhaps, 
1  fine  plaster,  which  can  be  washed  as  often  as  desired,  and  colour-washed 
mth  caustic  lime.    To  facilitate  cleaning,  and  to  prevent  stagnation  of 
t  air,  it  is  advisable  to  round  the  angles  formed  at  the  junction  of  the 
wall  -with  the  ceiling  and  wallAvith  floor  and  the  vertical  angles  of  the  walls. 

The  various  forms  of  wards  which  have  been  adopted  in  hospitals  are 
connected  with  the  period  in  which  the  hospital  was  built.  Since  the 
pavilion  system  has  become  that  now  almost  universally  adopted,  cross 
ventilated  single  wards  is  the  form  generally  used.  In  it  the  windows  face 
each  other  at  equal  distances  on  each  side  of  the  ward,  while  the  beds  are 
»  ^ranged  in  two  rows.  The  Lariboisiere  Hospital  at  Paris  (fig.  66),  the 
f  Herbert  Hospital  at  Woolwich  (fig.  67),  and  the  Cambridge  Hospital  at 
Aldershot,  are  examples  of  this  class  on  a  large  scale. 
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Circular  wards  for  hospitals  Avere  first  advocated  in  this  country  by  the 
late  Professor  Marshall,  F.R.S.,  the  advantages  claimed  for  them  being; 
(1)  freedom  of  frontage  to  aU  points  of  tlie  compass,  and  consequently  greater 
accessibility  to  both  light  and  air ;  (2)  greater  area  within  a  given  length  of 
wall ;  (3)  greater  facilities  for  administration  and  cleanliness.  Circular 
wards  now  exist  both  in  this  country  and  on  the  Continent,  notably  at 
Antwerp,  Gravesend,  Burnley,  Liverpool,  and  Greenwich.  The  differences 
between  one  circular  ward  and  another  lie  mainly  in  the  mode  of  attacliment 
to  the  central  or  main  building  and  in  the  treatment  of  the  central  part. 
In  some  the  rooms  on  either  side  of  the  corridor  of  approach  abut  on  the 
circle,  while  in  others  the  attachment  is  by  a  corridor  only.  At  Burnley  a 
staircase  to  the  roof  occui^ies  the  central  part,  while  at  Liverpool  and  Green- 
Avich  the  central  portion  is  occupied  by  stoves  with  smoke  and  ventilating 
shafts.  At  the  Johns  Hopkins  Hospital  at  Baltimore  two  octagonal  wards 
are  conveniently  arranged  so  as  to  allow  free  access  of  air  and  light  to 
the  adjoining  pavilions ;  it  was  also  found  that  if  the  ordinary  rectangular 
ward  was  selected  for  the  site,  it  would  have  come  too  close  to  the  nurses' 
home. 

Bath-rooms  and  lavatories  are  generally  placed  for  the  purposes  of  con- 
venience and  economy  with  the  water-closets  in  the  projecting  wings.  The 
same  necessity  does  not,  however,  exist  for  cutting  them  off  from  the  ward 
by  an  intervening  lobby.  The  floor  of  the  bath-room  should  be  of  imper- 
vious material,  preferably  that  called  "  mischiati."  Tliis  is  formed  of  cubes 
of  marble  laid  close  together,  but  without  any  attempt  at  regularity  of 
pattern;  a  lattice  wooden  standing-board  should  be  placed  over  it.  The 
bath-room  and  lavatory  should  be  heated  by  hot-water  pipes.  Lavatory 
basins  should  be  provided  in  the  proportion  of  about  one  to  every  six 
patients. 

Ward  sculleries  are  usually  attached  to  each  Avard,  Avhere  the  plates,  &c,, 
used  by  the  patients  are  Avashed,  and  where  simple  articles  of  food  are 
cooked.  It  shoidd  be  provided  Avith  a  small  cooking  range.  A  sink  AAdth 
hot  and  cold  water  laid  on  is  also  necessary. 

The  nurses'  room  is  generally  placed  at  the  end  of  the  Avard,  but  not 
communicating  directly  into  it ;  it  has,  however,  usually  a  small  window 
looking  into  the  Avard.  It  was  formerly  used  as  a  combined  sitting-room 
and  bed-room.  Under  the  modern  system  of  nursing,  Avhere  the  duties  are 
assio-ned  for  regular  hours  and  Avhere  nurses  are  relieved  in  turn,  there  is 
no  necessity  for  their  sleeping  near  the  wards,  nor  is  it  advisable  that  they 
should  do  so.  This  room  can  hardly  be  considered  absolutely  necessary  m 
a  modern  Avell  ordered  hospital. 

Operating  Room.— In  all  hospitals  Avhere  surgical  cases  are  received,  a 
special  room  must  be  set  apart  Avhere  operations  are  performed.  It  must  be 
Avithin  easy  access  of  the  wards,  yet  completely  severed  from  aerial  contact 
with  them  :  neither  must  there  be  any  connection  Avith  the  kitchen,  laundry, 
or  mortuary.  Its  best  position  is  in  a  separate  wing  connected  to  the  niixm 
corridor  by  an  intercepting  lobby  and  so  situated  with  relation  to  adjoining 
buildincrs  that  it  is  not  overshadowed  or  overlooked  by  them.  It  should  be 
so  placed  as  to  have  free  access  of  Hght,  preferably  from  the  north.  In  its 
construction  everything  of  an  absorbent  nature  should  as  far  as  possible  be 

eliminated.  .  „        .    ,  .  ■,  .        j  „,„,r 

The  floor  is  best  made  of  "mischiati  mosaic  laid  on  concrete,  and  may 
be  finished  Avith  a  slight  fall  to  the  external  Avail  Avhere  an  iron  pipe  aviU 
carry  away  the  water  used  for  washing  purposes :  the  AA'alls  up  to  a  height 
of  seven  feet  are  best  lined  with  marble,  above  this  they  may  be  finished 
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•with  fine  plaster  and  cement,  which,  with  the  ceiling,  should  be  painted 
and  varnished.  The  tops  of  sinks,  and  basins,  and  the  shelves  should  be 
made  of  glass,  which  is  not  only  impervious  but  enables  dust  or  dirt  to  be 
easily  seen.  The  windows  should  be  made  flush  with  the  wall  and  made 
to  open  for  the  purposes  of  ventilation  :  they  should  be  glazed  with  plate 
glass  and  be  very  large.  The  room  should  be  heated  with  hot-water  coils. 
Both  hot  and  cold  water  should  be  supplied  for  the  basins  and  cold  water 
for  the  sink.  Fresh-air  inlets  should  be  provided,  and  in  some  cases  it  may 
be  advisable  to  filter  the  incoming  air  through  cotton-wool.  Outlet  shafts 
with  an  opening  into  them  near  the  floor  of  the  room  should  also  be  provided. 
In  large  hospitals  it  is  desirable  to  f)rovide  also  a  room  for  the  administration 
of  anfesthetics. 

The  Out-patient  department  should  be  on  one  floor  only,  and  entirely 
letached  from  the  main  buildings  of  a  hospital.  It  should  consist  of  a 
spacious  and  weU-ventilated  waiting  hall ;  a  sufficient  number  of  consulting 
rooms  readily  accessible  from  the  waiting  room ;  a  dispensary  with  small 
waiting  room  attached,  so  placed  that  patients  do  not  have  to  re-enter  the 
main  Avaiting  hall  after  they  leave  the  consulting  room ;  water-closets  and 
lavatories  for  both  males  and  females. 

The  Mortuary  should  be  a  detached  building  and  single  story  where 
possible.    In  the  case  of  a  crowded  site,  it  may  be  conveniently  placed  at 
the  top  of  a  building,  communication  thereto  being  made  by  an  outside 
taircase  and  lift.    The  mortuary  should  include,  besides  the  room  where 
everal  dead  bodies  may  be  placed  at  one  time,  a  small  room  where  one  body 
can  be  sejjarately  viewed  by  friends. 

Attached  to  the  dead-house,  but  having  no  communication  with  the  in- 
spection room,  should  be  a  post-mortem  room.  This  must  be  top-lighted, 
with  a  floor  of  some  impervious  material,  made  to  fall  to  a  channel  under 
the  table.  The  walls  should  be  lined  with  glazed  bricks  or  tiles,  the  table 
should  be  of  marble  on  an  iron  frame,  and  the  shelves  should  be  of  the 
same  material.  A  large  and  deep  sink  must  be  provided,  and  the  waste  pipe 
therefrom  treated  in  the  same  way  as  a  soil-pipe.  An  efficient  trap  must  be 
placed  immediately  under  the  sink,  and  the  pipe  taken  out  through  the  wall 
mto  a  vertical  pipe,  which  must  be  carried  up  in  full  diameter  as  a  ventilator. 

Non-infectious  Special  Hospitals.— Although  in  all  matters  of  structural 
hygiene  these  hospitals  require  the  same  care  as  the  ordinary  hospitals,  still, 
m  addition,  they  present  some  special  needs.    Thus,  ophthalmic  hospitals 
ueed  the  removal  of  sharp  angles  in  wards  against  which  blind  or  partially 
bhnd  persons  may  accidentally  injure  themselves,  and  the  provision  of 
hand.rails  on  both  sides  of  staircases.    Open  fireplaces  are  a  mistake  in  these 
hospitals,  as  often  the  flickering  flame  of  a  fire  is  both  trying  and  injurious 
to  diseased  eyes.    Consumption  hospitals   require  special  warming  and 
'Ventilation  arrangements  for  their  inmates,  as  well  as  liberal  provision  for 
tthose  able  to  get  up  and  move  about.    The  most  prominent  need  in  all 
Ichildren's  hospitals  is  an  isolation  ward,  as  young  children  are  extremely 
msceptible  to  infectious  diseases.    Convalescent  hospitals  are  more  properly 
hnomes  for  those  recovering  from  acute  illness,  rather  than  mere  hospitals 
aor  the  sick.    In  the  same  way,  cancer  and  incurable  hospitals  need  to  con- 
ctorm  more  to  the  freedom  and  independence  of  home  life  than  to  the  more 
iingid  arrangements  of  the  institutions  for  treating  acute  cases.  Lying-in 
nospita  s,  from  the  peculiar  nature  of  the  cases  they  receive,  should  be  con- 
structed with  small  rooms  and  not  with  large  wards.    Every  such  hospital 
■«w   *       provided  with  an  isolation  ward,  absolutely  distinct  from  the 
■«resi;  ot  the  building. 

2  L 
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Infectious  Disease  Hospitals.— These  are  quite  a  class  by  themselves  ; 
they  may  be  either  permauent  or  temporary  buildings.  It  is,  as  a  rule 
undesirable  to  select  any  site  for  an  isolation  or  infectious  hospital  which  : 
is  less  than  some  two  acres  in  extent,  and  even  then  regard  should  be  had 
to  the  need  for  extension  of  hospital  buildings,  whether  for  temporary 
purposes,  or  owing  to  increase  of  population.  Moreover,  m  determining 
the  locality  where  such  a  hospital  should  be  placed,  the  wholesomeness 
of  the  site,  tlie  character  of  the  approaches,  together  with  the  facilities 
for  water-supply  and  for  slop  and  refuse  removal,  are  matters  of  primary 

^"^^^Siterfor  hospitals  designed  to  receive  small-pox  require  a  very  much 
laro-er  space  about  them  than  sites  for  other  infectious  diseases  hospita  s. 
Sm°all-pox  hospitals  are  apt  to  disseminate  small-pox,  and  their  sites  should 
therefore  be  placed  outside  towns,  and  should  indeed  be  sought  at  places 
as  far  distant  from  any  populated  neighbourhood  as  considerations  of  accessi- 
bility permit.    The  Local  Government  Board  have  suggested  that,  with  a 
view  of  lessening  the  risk  of  infection,  a  local  authority  should  not  contem- 
plate the  erection  of  a  small-pox  hospital—  -if-* 
1st  On  any  site  where  it  woidd  have  within  a  quarter  of  a  mile  ot  it 
■  as  a  centre  either  a  hospital,  whether  for  infectious  diseases  or 
not,  or  a  workhouse,  or  any  similar  estabUshment,  or  a  population 

of  150-200  persons.  ,  .    .  ,^       -i  * 

2ndlv  On  any  site  where  it  would  have  withm  half  a  mile  ot  it  as  a 
centre  a  population  of  500-600  persons  whether  in  one  or  more 
institutions  or  in  dwelling-houses. 
It  must  also  be  understood  that,  even  when  the  above  conditions  are 
strictly  fulfilled,  there  may  be  circumstances  under  which  ^^^J 
small-pox  hospital  should  not  be  contemplated.    Cases  m  wh  ch  theie  is 
any  considerable  collection  of  inhabitants  just  beyond  the  half-mile  zone 
should  always  caU  for  especial  consideration.  .     .  i 

It  has  been  suggested  that  small-pox  hospitals  may  be  so  constructed  as 
not  to  be  dangerous%o  neighbouring  habitations;  and  that  this  can  be  done 
bv  a  system  of  passing  through  a  furnace  all  outgoing  air  from  mfected 
Ws  and  places^  But,  thus  far,  the  efforts  made  in  this  direction  camiot 
rre'ixled  as  having  successfully  attained  the  end  in^view.  More  promis- 
hag  however,  is  the%ystem  suggested  by  Key  and  Henman,  whereby  the 
Outgoing  air  is  made  to  pass  tWgh  canvas  screens,  and  m  so  passing  is 
pxTTOsed  to  the  action  of  a  disinfectant.  .   ,    •  , 

^Eef  erence  has  already  been  made  to  the  need,  m  isolation  hospitals,  of 
.reater  cub-c  space  and  ventilation.  Owing  to  the  remarkable  tendency  to 
?Lid  spread  0  infects  in  the  diseases  taken  to  infectious  hospitals,  e 
:riSionwith  the  outside  world  has  fl^^J^^^^fZ^^^^^ 
strictest  control  and  each  disease  isolated  separately,  and  kept  if  possibie,  in 

hosnitals  should  be  permanent  buildings  or  merely  tempoiary  ones.  xn« 
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within  a  few  clays,  in  case  of  widespread  epidemics.  Some  means  of  isola- 
tion are  needed  in  every  community  at  all  times,  and  it  is  a  sounder  policy 
to  be  able  to  delay  and  prevent  epidemic  outbreaks  by  isolating  the  first 
few  sporadic  cases  as  they  occur,  in  a  small  but  permanent  infectious 
iiospital,  than  have  to  grapple  with  epidemics  already  in  full  existence  by 
means  of  hastily  constructed,  and  often  expensive,  temporary  structures. 
Many  materials  have  been  suggested  for  the  construction  of  these  temporary 
buildings,  more  particularly  wood,  galvanised  iron,  canvas,  and  water-proof 
paper.  Although  they  are  comparatively  cheap  and  rapidly  erected, 
temporary  hospitals  should  never  be  regarded  as  able  to  supersede  per- 
manent buildings  of  brick  or  stone ;  their  true  use  is  to  supplement,  not  to 
supersede.  Moreover,  they  are  extremely  difficult  to  ventilate,  and  to  Avarm 
in  winter  or  to  cool  in  summer.  Their  durability  is  small,  and  their 
proper  disinfection  is  almost  impossible.  Of  course  they  can  be  burnt  when 
done  with ;  but  if  epidemics  of  infectious  disease  rapidly  succeed  each  other, 
the  renewals  of  temporary  hospital  buildings  will  soon  exceed  the  cost  of 
structures  of  a  more  permanent  nature.  As  infectious  hospitals,  unlike  the 
pjeat  bulk  of  general  and  special  hospitals,  are  in  no  sense  charitable  institu- 
tions, but  reaUy  public  buildings  provided  and  supported  by  rates,  the  true 
bearing  and  merits  of  the  question  whether  these  hospitals  should  be 
temporary  or  permanent  buildings  is  one  which  intimately  concerns  the 
interests  of  every  citizen. 

The  extent  of  hospital  accommodation  which  it  is  necessary  or  desirable 
to  provide  must  depend  upon  the  population  and  other  conditions  peculiar 
to  the  district  it  has  to  serve.  Whatever  may  be  the  amount  of  accom- 
modation to  be  provided,  the  general  principles  of  arrangement  will  remain 
the  same.  In  a  memorandum  on  the  provision  of  Isolation  Hospital 
Accommodation  by  local  authorities,  the  Local  Government  Board  have 
pointed  out  that  large  villages  and  groups  of  adjacent  villages  wiU  commonly 
require  the  same  sort  of  provisions  as  towns.  "  Where  good  roads  and 
proper  arrangements  for  the  conveyance  of  the  sick  have  been  provided,  the 
best  arrangement  for  village  populations  is  by  a  smaU  building  accessible 
from  several  villages;  otherwise  the  requisite  accommodation  for  (say) 
fom-  cases  of  infectious  disease  in  a  village  may  at  times  be  got  in  a  fairly 
isolated  and  otherwise  suitable  four-room  or  six-room  cottage  which  has 
been  acquired  by  the  Authority ;  or  by  arrangement  made  beforehand  with 
some  trustworthy  cottage-holders,  not  having  children,  that  they  should 
receive  and  nurse,  on  occasion,  patients  requiring  such  accommodation." 

"  In  towns,  hospital  accommodation  for  infectious  diseases  is  wanted  more 
constantly,  as  well  as  in  larger  amount  than  in  villages ;  and  in  toAvns  there 
IS  greater  probability  that  room  will  be  wanted  at  the  same  time  for  two  or 
more  infectious  diseases  which  have  to  be  treated  separately.  The  per- 
manent provision  to  be  made  in  a  town  shoidd  consist  of  not  less  than  four 
looms  in  two  separate  pairs ;  each  pair  to  receive  the  sufferers  from  one 
uifectious  disease,  men  and  women  of  course  separately.  The  number  of 
cases  for  which  permanent  provision  should  be  made  must  depend  upon 
various  considerations,  among  which  the  size  and  the  growth  of  the  town, 
the  housing  and  habits  of  its  population,  and  the  traffic  of  the  town  with 
other  places,  are  the  most  important.  There  is  no  fixed  standard,  therefore, 
t'y  which  the  standing  hospital  requirements  proper  for  a  town  can  be 
measured.  Furthermore,  it  is  to  be  remembered  that  occasions  wiU  arise 
ias  where  mfection  is  brought  into  several  parts  of  a  town  at  one  time) 
wiien  isolation  provision,  in  excess  of  that  commonly  sufficient  for  the  town, 
will  become  needful." 
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"  For  a  town  the  hospital  provision  ought  to  consist  of  wards  in  one  or 
more  permanent  Iraildings,  with  space  enough  for  the  erection  of  other 
wards,  temporary  or  permanent.  Considerations  of  ultimate  economy  make 
it  wise  to  have  permanent  buildings  sufficient  for  somewhat  more  than  the 
average  necessities  of  the  place,  so  that  recourse  to  temporary  extensions 
may  less  often  be  necessary.  In  any  case  it  is  well  to  make  the  administra- 
tive offices  somewhat  in  excess  of  the  wants  of  the  permanent  wards  ;  be- 
cause thus,  at  little  additional  first  cost,  they  will  be  ready  to  serve,  when 
occasion  comes,  for  the  wants  of  temporary  extensions." 

An  isolation  or  infectious  disease  hospital,  of  whatever  size,  should  con- 
sist of  (1)  a  detached  administrative  block ;  (2)  wards,  with  their  offices  in 
separate  paviUons,  or  blocks,  or  cottages,  at  safe  distances,  providing  for  the 
separation  of  the  sexes,  and  for  patients  suffering  from  different  diseases ; 
(3)  outhouses,  such  as  laundry,  stores,  disinfecting  apparatus,  mortuary,  &c. 
The  administrative  block  should  minister  to  the  whole  hospital,  except 
perhaps  when  small-pox  is  isolated.    In  these  cases,  nurses  attending  small- 
pox should  be  accommodated  in  rooms  apart  from  the  general  administrative 
building.    If  obliged  to  sleep  in  the  administrative  building,  they  should 
change  their  clothes  and  take  a  bath  on  going  off  duty.    No  food,  clothing, 
earthenware,  furniture,  &c.,  should  get  mixed  in  the  work  of  administration. 
The  block  or  ward  used  for  one  disease  should  be  at  least  40  feet  from  the 
ward  occupied  by  patients  suffering  from  any  other  disease.    When  a  patient 
is  admitted,  he  should  be  sent  into  the  receiving  room  of  the  block  set  apart 
for  his  disease.    If  there  is  doubt  as  to  the  nature  of  the  disease,  he  should 
be  sent  to  an  isolation  ward  until  a  diagnosis  can  be  defmitely  made.   If  there 
is  no  doubt  about  the  case,  it  should  be  sent  to  the  w^ard  intended  for  it. 
The  patient,  if  able  to  bear  it,  should  be  undressed  in  the  bath-room,  bathed, 
provided  with  a  clean  night-dress,  and  put  to  bed.    His  own  clothes  should 
be  put  immediately  into  the  disinfecting  chamber.    If  necessary,  they  should 
be  destroyed.    All  bed-clothes,  linen,  towels,  &c.,  in  an  infectious  hospital 
should  be  marked  separately  for  each  disease,  stored  in  its  special  departs 
ment,  and  on  no  account  used  in  any  other  part  of  the  buddmg.  Care 
should  be  taken  to  prevent  clothes  becoming  infected  in  the  laundry,  ihe 
clothes  from  each  department  should  be  thoroughly  disinfected  before  being 
taken  to  the  laundry.    When  dry,  the  clothes  should  at  once  be  brought 
back  and  stored  in  their  special  department.  tut. 
All  spoons,  knives,  forks,  feeding-cups,  glass  and  earthenware  should  be 
of  different  patterns  for  each  disease,  or  differently  marked  for  each  depart 
ment,  and  washed  and  stored  there.    The  main  articles  of  food  should  b& 
conveyed  to  each  block  in  utensils  belonging  to. the  administrative  block  by 
a  person  not  engaged  in  any  of  the  wards,  and  then  transferred  into  utensils, 
belonging  to  that  block.    Nurses  should  keep  to  one  disease  exclusively 

when  on  duty.  .        ,         i  •  a.i  j.  i  ^ 

The  simplest  type  of  isolation  or  infectious  disease  hospital  is  that  shown 
in  Plate  VIII.,  suggested  by  the  Local  Government  Board.  It  must  comprise 
three  separate  buildings:  (1)  the  administrative  block,  comprising  accom- 
modation for  a  caretaker,  kitchen  offices,  and  two  or  tliree  rooms  for  nui^es  , 
or  it  may  be  simply  a  cottage  containing  a  living-room  and  two  or  three  bed- 
rooms for  the  caietaker,  with  the  kitchen  offices ;  (2)  a  block  for  patients, 
and  (3)  the  wash-house,  mortuary,  and  disinfection  chamber  block. 

The  ward  block  shown  on  the  same  plan  provides  accommodation  foi  two 
patients  of  each  sex,  with  two  nurses'  ante-rooms  ^^^^  grouiui  floor,  ana 
their  bed-rooms  above.  The  third  block  contains  a  ^o^'t^^^^^-JV''"  WnS 
and  small  disinfecting  chamber.    It  will  be  obvious  that  such  a  hospital 
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provides  the  smallest  possible  amount  of  accommodation,  and  contemplates 
the  reception  of  patients  suffering  from  one  disease  only. 

In  Plate  IX.,  a  rather  larger  hospital  building  is  shown,  the  plans  and 
sections  providing  for  six  and  ten  patients.  These  may  be  regarded  as 
typical  isolation  blocks  in  which  patients  of  each  sex,  and  suffering  from 
two  distinct  diseases,  can  be  treated.  This  block  is  the  most  important  one, 
and  whatever  else  is  omitted  this  must  always  be  provided.  A  convenient 
disposition  of  buildings  upon  the  site  is  also  indicated  on  the  same  sheet. 

In  Plate  X.  is  shown  the  plan  and  section  of  a  small  pavilion  adapted  to 
receive  six  male  and  six  female  patients  suffering  from  one  kind  of  infectious 
disease. 

"  It  will  be  found  that  in  all  the  plans  proper  standards  of  space  are 
observed,  namely,  not  less  than  2000  cubic  feet  of  air  space,  144  square 
feet  of  floor  space,  and  12  linear  feet  of  wall  space  to  each  bed  ;  and  that 
means  are  provided  for  the  adequate  ventilation  and  warming  of  wards,  and 
for  securing  them  from  closet  emanations  and  the  like.  In  plan  A,  earth- 
closets,  in  other  plans  water-closets,  are  indicated  as  the  means  of  excrement 
disposal.  The  latter  are  to  be  regarded  as  preferable  where  efficient  sewers 
are  available.  Places  for  washing  and  disinfection,  and  for  a  mortuary,  are 
indicated.  It  will  be  observed  that  an  interval  of  40  feet  is  everywhere 
interposed  between  every  building  used  for  the  reception  of  infected  persons 
or  things  and  the  boundary  of  the  hospital  site.  This  boundary  should 
have  a  close  fence  of  not  less  than  6  feet  6  inches  in  height,  and  the  40  feet 
of  interval  should  not  afterwards  be  encroached  on  by  any  temporary  build- 
ing or  extension  of  the  hospital.  In  the  construction  and  arrangement  of 
such  temporary  buildings  as  may  at  times  be  wanted  in  extension  of  the 
permanent  hospital,  the  same  principles  should  be  held  in  view." 

In  aU  hospitals  for  infectious  diseases  provision  must  be  made  to  prevent, 
if  possible,  the  conveyance  of  infection  to  the  outside  world,  either  by 
l  >atients  on  their  discharge  or  by  nurses  or  servants  going  outside  the  gates. 
For  patients  on  their  discharge  a  suite  of  three  rooms  communicating  with 
each  other  should  be  arranged.  The  first  room  should  be  just  sufficiently 
large  for  one  person  to  undress  in ;  in  this  room  the  patient  leaves  his  or  her 
infected  clothing.  The  second  or  intermediate  room  is  a  bath-room.  After 
bathing,  the  patient  enters  the  third  room,  where  he  puts  on  a  complete 
suit  of  clean,  or  preferably  new  clothing.  Having  dressed,  he  should  leave 
the  building  by  a  door  leading  directly  into  the  open  air,  and  should  not 
again  enter  any  part  of  the  hospital  buildings.  For  the  staff,  ample  bathing 
accommodation  should  be  provided ;  and,  as  far  as  possible,  it  should  be 
made  a  rule  that  no  one  employed  in  the  hospital  wards  should  leave  the 
grourids  without  having  previously  bathed.  It  is  obvious  that  such  a  rule ' 
as  this  cannot  be  rigidly  enforced,  but,  all  the  same,  the  means  of  complying 
with  it  should  be  provided,  and  its  observance  should  be  encouraged  as  far 
as  possible. 
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CHAPTER  X. 


DISPOSAL  OF  SEWAGE  AND  REFUSE. 

The  term  "  Sewage  "  is  here  used  in  its  widest  sense,  and  is  meant  to  in- 
clude the  solid  and  liquid  excreta  of  men  and  animals;  the  refuse  from 
houses  (dust,  ashes,  &c.)  and  the  waste  waters  from  sinks  and  lavatories ; 
the  Uquid  and  solid  refuse  from  stables,  cowsheds,  and  slaughter-houses  ; 
the  waste  waters  used  for  trade  purposes,  and  the  sweepings  of  streets  and 

alleys.  .„ 
When  men  live  in  thinly-populated  countries,  following,  as  they  wiU 
then  do,  an  agricultural  or  nomad  life,  they  will  not  experience  the  conse- 
quences of  insufficient  removal  of  excreta.  The  sewage  matter  returns  at 
once  to  that  great  deodoriser,  the  soil,  and,  fertilising  it,  becomes  a  benefit 
to  man,  and  not  a  danger.  It  is  only  Avhen  men  collect  in  communities 
that  the  disposal  of  sewage  becomes  a  matter  literally  of  life  and  death,  and 
before  it  can  be  settled  the  utmost  skill  and  energy  of  a  people  may  be 
taxed. 

The  question  of  the  proper  mode  of  disposal  of  sewage  has  been  some- 
what perplexed  by  not  keeping  apart  two  separate  considerations.  The 
object  of  the  physician  is  to  remove  as  quickly  as  possible  all  excreta  from 
dweUings,  so  that  neither  air,  water,  nor  soil  shall  be  made  impure.  The 
agriculturist  wishes  to  obtain  from  the  sewage  its  fertilising  powers.  It  is 
not  easy  to  satisfy  both  parties,  but  it  will  probably  be  conceded  that  safety 
is  the  first  thing  to  be  sought,  and  that  profit  must  come  afterwards. 

Composition  of  Sewage. — Sewer  water  varies  very  much  in  its  composi- 
tion, being  sometimes  very  turbid  and  highly  impure ;  in  other  cases  hardly 
more  impure  than  water  from  surface  wells.  The  Rivers  Pollution  Com- 
missioners gave  (1868)  the  following  as  the  average  composition  of  sewage 
from  towns  sewered  on  the  water-closet  system  and  from  towns  using 
middens  : — 


Average  Composition  of  Seivage,  in  Parts  per  100,000. 
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Amount  of  Solid  and  Liquid  Excreta. — The  amount  of  the  bowel  and 
kidney  excreta  varies  in  different  persons  and  with  different  modes  of  life. 
On  an  average,  in  Europe,  the  daily  Solid  excreta  are  about  4  ounces  by 
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weight,  and  the  daily  liquid  excreta  50  ounces  by  measure  for  each  male 
adult.  Women  and  children  pass  rather  less.  Vegetarians  pass  more  solid 
excreta  than  those  living  on  a  mixed  diet,  but  this  is  chiefly  owing  to  the 
large  proportion  of  water  in  their  food.  Taking  all  ages  and  both  sexes 
into  consideration,  we  may  estimate  the  daily  amount  per  head  of  popu- 
lation in  Europe  at  2|  ounces  of  fsecal  and  40  ounces  of  urinary  discharge. 

The  following  table  gives  the  average  amounts  in  ounces  of  faeces  and 
urine  passed  daily  by  an  adult  male  (15  to  50  years  of  age)  (Lawes). 


Fresh 
Excrements. 

Dry 
Substances. 

Mineral 
Matter. 

Carbon. 

Nitrogen. 

Phosphates. 

FjEces,  . 
Urine,  . 

4-17 
46-01 

1-041 
1-735 

0-116 
0-527 

0-443 
0-539 

0-053 
0-478 

0  068 
0-189 

Total,  . 

50-18 

2-776 

0-643 

0-982 

0-531 

0-257 

Fresh  healthy  fsecal  matter  from  persons  on  mixed  diet,  unmixed  with 
urine,  has  an  acid  reaction,  and  this  it  retains  for  a  considerable  time  ;  it 
then  becomes  alkaline  from  ammonia.  If  free  from  urine  it  usually  decom- 
poses slowly,  and  in  hot  weather  often  dries  on  the  surface  and  subse- 
quently changes  but  little  for  some  time.  The  urine,  when  unmixed  with 
faecal  matter,  also  retains  its  natural  acidity  for  a  variable  number  of  days, — 
sometimes  three  or  four,  sometimes  eight  or  ten,  or  even  longer,  and  then 
becomes  alkaline  from  ureal  decomposition.  Wlien  the  faeces  and  urine 
are  mixed,  the  formation  of  ammonium  carbonate  from  ureal  decomposi- 
tion is  much  more  rapid ;  the  solid  excreta  seem  to  have  the  same  sort  of 
action  as  the  bladder  mucus,  and  the  mixed  excreta  become  alkahne  in 
twenty-four  hours,  while  the  separate  excreta  are  still  acid.  And  in  its 
turn  the  presence  of  the  urine  seems  to  aid  the  decomposition  of  the  solid 
matter,  or  this  may  be  perhaps  from  the  effect  of  the  liquid,  as  pure  water 
seems  to  act  almost  as  rapidly  as  urine  in  this  respect.  Pappenheim  states 
that  the  absorption  of  oxygen  by  the  faeces  is  greatly  increased  when  urine 
is  added. 

When  the  sohd  excreta  and  urine  are  left  for  two  or  three  weeks,  the 
mixture  becomes  usually  extremely  viscid,  and  this  occurs,  though  to  a  less 
extent,  when  an  equal  quantity  of  pure  water  takes  the  place  of  urine. 
The  viscidity  is  prevented  by  carbolic  acid. 

When  the  solid  excreta  (unmixed  with  urine)  begin  to  decompose,  they 
give  out  very  foetid  substances,  which  are  no  doubt  organic;  hydrogen 
sulphide  is  seldom  detected,  at  any  rate  by  the  common  plan  of  suspending 
paper  soaked  in  lead  solution  above  the  decomposing  mass.  When  heated, 
a  large  quantity  of  gas  is  disengaged,  which  is  inflammable,  and  consists 
in  great  measure  of  carburetted  hydrogen.  AVhen  (instead  of  being  dry) 
urine  is  present,  ammonia  and  foetid  organic  matters  are  disengaged  in 
large  quantity.  When  water  is  also  present,  and  if  the  temperature  of  the 
air  is  not  too  low,  not  only  organic  matters  but  gases  are  given  out,  consist- 
ing of  light  carburetted  hydrogen,  nitrogen,  and  carbon  dioxide.  Hydrogen 
sulphide  can  be  also  disengaged  by  heat,  and  is  almost  always  found  m  the 
liquid,  usually  in  combination  with  ammonia,  from  which  it  is  sometimes 
liberated  and  then  passes  into  the  air.  •    •  ^  rn 

The  Waste  Waters  from  Houses.— This  is  a  very  complex  liquid.  The 
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-itclien  sink  waters  contain  vegetable,  animal,  and  other  refuse,  and  that 
Vom  baths  and  wash-houses  soap  and  dirt  from  the  surface  of  the  body 
md  from  clothes.  These  waste  waters,  when  mixed  with  the  drainage  from 
;tables  and  cowsheds  and  from  slaughter-houses,  with  the  urine  from  pubhc 
irinals,  form  the  sewage  of  non-water-closet  towns  Avhere  privies  and  cess- 
)Ools  are  used.  The  sewage  from  these  waste  Avaters  is  so  impure  that  there 
no  object  in  providing  a  separate  system  to  deal  with  human  excreta ; 
here  is  a  remarkable  similarity  between  the  sewage  of  midden  towns  and 
hose  in  which  water-closets  are  used. 

Trade  and  Manufacturing  Eefuse.— In  manufacturing  towns  a  large 
)roportion  of  waste  is  passed  into  the  sewers.    These  waste  waters  are  of 
ery  variable  composition,  many  of  them  being  mixed  with  the  special 
latters  made  use  of  in  the  different  manufacturing  processes,  as  in  dye- 
A  orks,  chemical  works,  papermaking,  woollen  works,  &c. 


METHODS  OF  EEMOVAL  OF  EXCRETA. 

"While  all  will  agree  in  the  necessity  of  the  immediate  removal  of  excreta 
rom  dwellings,  the  best  modes  of  doing  so  can  hardly  be  said  to  be  yet 
:ettled.  The  fact  is,  that  several  methods  of  removing  sewage  are  applicable 
n  different  circumstances  and  their  relative  amounts  of  utility  depend 
■ntirely  on  the  condition  of  the  particular  place. 

The  different  plans  may  be  conveniently  divided  into  : — 

1.  The  dry  method. 

2.  The  water  method. 

Removal  of  Excreta  by  Dry  Methods. 

The  use  of  sewers  and  methods  of  removing  excreta  by  water  are  in  many 
•ases  impracticable.  Either  a  fall  cannot  be  obtained ;  or  there  is  insufficient 
rt  ater ;  or  the  severity  of  the  climate  freezes  the  water  for  months  in  the  year, 
that  removal  by  its  means  cannot  be  attempted.  Then  either  the  excreta 
will  accumulate  about  houses,  or  must  be  removed  in  substance  daily  or 
[)eriodically.  Even  when  Avater  is  abundant,  and  sewers  can  be  made,  many 
igriculturists  are  in  favour  of  the  dry  system,  as  giving  a  more  valuable 
fertilising  product ;  and  A^arious  plans  are  in  use. 

Middens.  — In  places  where  no  facilities  exist  for  the  use  of  water-closets, 
recourse  has  to  be  had  to  some  dry  method  of  removing  excreta  from  the 
house.  This,  in  many  cases,  necessitates  such  arrangements  as  middens  or 
privies  and  pail  closets,  in  Avhich  are  used  ashes,  earth,  &c.  Until  recent 
times,  open  middens  or  pits  Avere  the  almost  universal  receptacle  for  the 
excretal  and  other  Avaste  matters  of  the  habitation,  over  Avhich  was  erected 
some  primitive  form  of  privy.  The  institution  of  middens  or  the  setting 
aside  of  some  spot  for  depositing  filth  and  refuse  was  no  doubt  a  great 
advance  on  depositing  everything  anyAvhere. 

Unfortunately,  middens,  objectionable  as  they  are,  still  exist,  in  some 
form  or  other,  in  rural  districts  and  in  certain  toAvns.  In  these  places  it  is 
attempted  to  minimise  the  pestilential  odours  Avhich  arise  from  them  by  an 
iiilmixture  of  ashes,  Avhich  to  a  certain  extent  keeps  them  dry  and  delays 
putrefaction. 

The  original  midden  pit  Avas  a  hole  dug  in  the  ground  full  of  rotting  and 
offensive  matter  and  giving  rise  to  offensive  gases  and  liquids,  Avhich  only  too 
readily  polluted  both  the  soil  around  houses  and  the  Avells  near  them. 
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Various  improvements  have  from  time  to  time  been  attempted  upon  the 
old  midden  pit,  and  where  these  remain,  their  existence  is  subject  to  certain 
definite  rules  and  conditions.  The  general  rule  now  is  that  for  the  old 
midden  pit,  dug  in  the  ground,  should  be  substituted  a  small  receptacle 
intervening  between  the  seat  of  the  closet  and  the  floor.  The  model  Bye- 
laws  of  the  Local  Government  Board  for  the  construction  of  privies  and 
middens  in  new  buildings  are  to  the  following  effect.  The  midden  or  privy 
must  be  at  least  6  feet  away  from  any  dwelling  and  50  feet  away  from  any 
well;  ready  means  of  access  must  be  provided  for  the  scavenger,  so  that 
the  contents  need  not  be  carried  through  a  dwelling  ;  the  privy  must  be 
roofed  to  keep  out  the  rain  and  provided  with  ventilating  apertures  as  near 
the  top  as  possible ;  that  part  of  the  floor  Avhich  is  not  under  the  seat  must 
not  be  less  than  6  inches  above  the  level  of  the  adjoining  ground  and  more- 
over be  flagged  or  paved  with  hard  tiles  having  an  inclination  towards  the 
door  of  the  privy  of  one  half  inch  to  the  foot,  so  that  liquids  spilt  upon  it 
may  run  doAvn  outside  and  not  find  their  way  to  the  receptacle  under  the 
seat ;  the  size  and  capacity  of  this  receptacle  may  not  exceed  8  cubic  feet, 
by  which  limitation  a  Aveekly  removal  of  its  contents  is  necessitated ;  the 
sides  and  floor  of  this  receptacle  must  be  of  some  impermeable  material,  the 
floor  being  at  least  3  inches  above  the  adjoining  ground  level;  the  seat  of 
the  privy  should  be  hinged,  so  as  to  allow  of  the  ashes  being  thrown  in ;  and 
the  receptacle  must  be  unconnected  with  any  drain  or  sewer.  Middens  con- 
structed and  mamtained  under  these  conditions,  lessen  the  danger  of  percola- 
tion of  filth  into  the  soil  or  of  fouling  the  wells;  while  the  pollution  of  air  is 
safeguarded  to  a  great  extent  by  keeping  the  contents  in  a  dry  and  inodorous 
condition.  No  matter  how  well  conducted  and  supervised,  middens  are 
objectionable.  Their  success  depends  on  proper  scavenging  arrangements 
and  efficient  sanitary  supervision. 

Tub  and  Pail  Closets. — These  are  really  nothing  but  middens  having  a 
limited  capacity,  in  which  the  ash-pit  is  represented  by  a  movable  receptacle, 
such  as  a  tub  or  pail,  placed  under  the  seat  for  the  removal  of  the  excreta. 
In  this  system  the  filth  removal  is  easier  and  the  air  pollution  less  than 
when  midden  contents  are  removed.  The  pails,  whether  of  wood  or  of 
galvanised  iron,  should  have  close-fitting  lids  and  be  both  air  and  water 
tight.  Tarred  oak  is  the  best  material  for  making  pails,  as  they  last  longer 
and  are  easily  repaired.  The  structure  of  the  closet  in  wliich  the  pails  are 
used  should  be  similar  to  that  proposed  for  middens.  The  pail  or  tub  shoidd 
be  removed  at  least  once  a  weelt  and  a  clean  one  substituted  for  it.  In 
order  to  delay  decoriiposition  and  to  avoid  smells,  the  contents  of  the  pail 
(fgeces  and  urine)  must  be  kept  as  dry  as  possible,  and  this  is  effected  by  the 
addition  of  some  absorbent  substance,  such  as  dry  earth,  ashes,  or  charcoal, 
or  the  pail  may  be  lined  with  some  absorbent  material,  such  as  peat.  If  the 
urine  and  feeces  remain  Avithout  admixture  with  any  such  substances,  they 
rapidly  undergo  decomposition,  but  in  this  state  they  have  a  higher  com- 
mercial value  as  manure  than  if  mixed  with  ashes,  charcoal,  or  earth. 

Modifications  of  this  system  are  adopted  in  various  towns.  In  Notting- 
ham not  only  ashes  but  all  the  other  household  refuse  is  added  to  the 
pail,  while  in  Leicester  and  Birmingham  the  pails  only  receive  excreta. 
In  Manchester  the  ashes  are  sifted  and  only  the  finer  portion  is  allowed  to 
fall  into  the  pails.  In  Halifax  the  Goux  system  is  in  use ;  the  pail  or  tub 
is  lined  with  some  absorbent  material,  such  as  peat,  or  a  mixture  of  tan, 
saw-dust,  and  soot,  the  object  being  to  render  the  contents  drier  and  less 
offensive.  The  material  used  is  pressed  firmly  to  the  sides  of  the  pail,  by 
means  of  a  mould,  which  is  afterwards  withdrawn,  leaving  a  cavity  m  the 
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centre  for  the  reception  of  the  excreta.  Nothing  but  ffeces  and  urine  should 
iind  a  place  in  these  pails,  as  the  absorbent  capacity  of  the  material  is 
limited :  the  contents  should  be  removed  every  two  or  three  days  and  a 
fresh  pail  provided.  A  separate  receptacle  is  used  for  ashes,  house  refuse, 
(V-c.  Sifted  coal  ashes  form  very  efficient  desiccators,  but  the  deodorising 
effect  is  very  slight.  The  mixture  of  coal  ashes  and  excreta  usually  finds 
;i  sale,  but  the  profit  is  much  greater  if  no  ashes  are  mixed  with  it.  Wood 
ashes  are  far  more  powerful  as  deodorisers,  but  it  is  not  easy  in  this  country 
to  have  a  proper  supply. 

Charcoal  Closets. — There  is  no  better  deodoriser  than  charcoal.  Animal 
charcoal  is  too  expensive,  but  peat  charcoal  is  cheaper ;  according  to 
Danchell,  3  ounces  of  peat  charcoal  are  equal  to  Bj  of  earth;  and  this 
author  states  that  the  cost  of  charcoal  for  a  family  of  six  persons  would 

nly  be  Is.  6d.  per  month.  A  plan  has  been  proposed  by  Stanford  which 
nay  obviate  the  difficulty  of  price.  Stanford  |)roposes  to  obtain  charcoal 
from  sea-weed;  the  charcoal  is  cheap,  and  remarkably  useful  as  a  de- 

doriser.    The  charcoal  itself  contains  63  per  cent,  of  carbon,  34  per  cent. 

■f  ash,  and  only  2 "6  per  cent,  of  water.  It  has  no  oxidising  effect,  and 
merely  acts  as  a  dryer  (Corfield).  After  it  has  become  thoroughly 
impregnated  with  faeces  aud  urine,  the  mixture  is  recarbonised  in  a  retort, 
and  the  carbon  can  be  again  used;  the  distilled  products  (ammoniacal 
liquor,  containing  acetate  of  lime,  tar,  gas)  are  sufficient  to  pay  the  cost, 
and  it  is  said  even  to  give  a  profit. 

The  closet  used  with  this  carbon  is,  in  principle,  similar  to  Moule's  earth 
closet,  with  various  improvements  for  more  thoroughly  mixing  the  charcoal 
and  sewage. 

The  advantages  claimed  by  Stanford's  process  are  a  complete  deodoris- 
ing effect;  the  small  amount  of  charcoal  required  as  compared  Avith  dry 
earth  (three-fourths  less  required) ;  the  value  of  the  dry  manure,  or  of  the 
distilled  products,  if  the  mixture  is  reburnt;  and,  in  the  last  case  (burning), 
the  complete  destruction  of  all  noxioiis  agencies.  In  using  it  the  mixed 
charcoal  and  sewage  may  be  stored  for  some  months  without  odour  in  some 
i'onvenient  receptacle  outside,  but  not  under  the  house.  The  reburning  of 
the  mixture  can  be  done  in  a  gas  retort,  or  a  special  retort  is  built  for  the 
purpose  :  the  charcoal  left  in  the  retort  is  returned  to  the  house. 

Earth  Closets. — Neither  ashes  or  charcoal  have  the  same  beneficent  and 
disintegrating  action  on  the  excreta  as  dry  earth. 

Since  the  late  Kev.  Henry  Moule  pointed  out  the  powerful  deodorising 
]  properties  of  dried  earth,  many  different  closets  have  been  proposed. 

Moule's  earth  closet  consists  of  a  wooden  box,  with  a  receptacle  below, 
and  a  hopper  above,  from  which  dried  earth  falls  on  the  sewage  when  the 
jilug  is  pulled  up.  The  earth  is  previously  dried,  half  a  pound  of  the  dried 
earth  per  head  daily  being  the  usual  allowance.  For  a  single  house  the  earth 
'•an  be  dried  over  the  kitchen  fire  ;  but  if  a  village  is  to  be  supplied,  a 
small  shed,  fitted  with  tiles,  below  which  smoke  pipes  from  a  small  furnace 
pass,  is  required.  The  earth  used  in  the  closet  is  sufficient  to  deodorise  the 
solid  excreta  and  the  portion  of  the  urine  passed  with  them,  but  the  rest  of 
the  urine  and  house  water  has  to  be  carried  off'  in  pipes,  and  disposed  of  in 
some  other  way.  The  receptacle  is  emptied  from  time  to  time,  and  the 
iruxture  is  stored  until  it  can  be  applied  to  land.  Its  value,  however,  is 
not  great,  as  most  of  the  nitrogen  disappears  in  a  gaseous  form.  Indeed, 
so  complete  is  the  disintegration  of  organic  matter  that  even  paper  dis- 
appears, and  the  earth  after  redrying  has  been  used  again  and  again. 

The  best  kinds  of  earth  for  the  purpose  are  loamy  surface  soil,  vegetable 
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mould,  dry  clay  or  brick  earth.  Chalk,  gravel,  or  sand  are  not  suitable. 
Care  must  be  taken  that  the  earth  is  sifted  and  dry.  If  dried  in  a  stove  or 
over  a  hot  floor,  the  temperature  must  not  be  raised  sufficiently  high  to 
sterilise  it.  Earth  dried  in  the  sun  acts  most  efficiently.  Care  has  to  be 
taken  that  each  particular  stool  is  covered  at  once  with  tlie  earth  and  no 
slop  water  added  to  the  pail  contents. 

The  advantages  of  this  plan  are  obvious;  its  disadvantages  are  the 
necessity  of  collecting,  and  drying,  and  storing  the  earth,  which,  for 
cottagers  who  have  little  space,  and  possibly  no  means  of  getting  earth,  is 
a  serious  matter.  The  supply  of  dried  earth  to  large  towns  is  almost  an 
impossibility,  so  large  is  the  amount  required.  Again,  the  attention 
necessary  to  prevent  the  house  water  being  thrown  in,  and  to  remove  the 
soil  at  sufficiently  short  periods,  sometimes  militates  against  its  success. 

If  a  pail  closet  has  to  be  used,  from  a  sanitary  point  of  view  the  earth 
closet  is  the  very  best  form,  as,  if  properly  managed,  the  closet  is  free  from 
smell,  and  the  process  of  removing  the  contents  not  offensive. 

The  system  of  adding  weak  disinfectants  in  order  to  control  the  smell  is 
based  entirely  on  a  misconception  of  the  process.  These  inhibit,  if  they  do 
not  destroy,  the  action  of  the  nitrifying  ferment  in  the  earth  and  render  it 
sterile:  there  is,  therefore,  no  disintegration  and  oxidation  of  organic 
matter,  and  the  whole  process  by  which  the  organic  substances  are 
destroyed  is  arrested.  It  is  because  of  the  absence  of  the  nitrifying 
organisms  in  such  soils  as  chalk  and  sand  that  these  soils,  being  relatively 
sterile,  are  not  suitable  for  the  purpose.  The  use  of  all  disinfecting  and 
deodorising  powders  in  earth  closets  should  therefore  be  prohibited. 

The  contents  of  earth  closets  require  no  further  treatment,  and  may  be 
applied  at  once  to  the  land.  In  agricultural  districts,  after  admixture  with 
fine  ashes,  the  manure  from  middens  and  pails  may  be  used  on  land,  but 
there  is  always  a  difficulty  of  disposing  of  it  to  farmers ;  it  is  best  suited  for 
heavy  clay  soils. 

In  some  towns  where  the  midden  and  pail  systems  are  still  m  use,  the 
crude  contents  are  converted  into  a  dry  manure,  which  can  be  transported 
in  bags  or  casks  :  it  is,  however,  very  offensive. 

In  Manchester  Fryer's  patent  method  is  in  operation,  and  it  is  also  being 
applied,  in  whole  or  in  part,  at  Birmingham  and  at  Leeds.  It  consists  of 
a  destructor,  which  reduces  to  slag  all  the  more  bulky  town  refuse,  such  as 
cinders  and  ashes,  broken  earthenware  and  glass,  Avhich  caimot  be  dealt 
with  except  by  being  accumulated  in  a  rubbish  heap.  This  slag  is  ground, 
mixed  with  lime,  and  sold  as  mortar.  The  apparatus  is  so  arranged  that 
none  of  the  heat  is  lost,  while  the  heated  products  of  combustion  pass  over 
fresh  portions  of  material  and  prepare  it  for  combustion.  The  mass  is 
reduced  in  bulk  to  one-third.  Other  refuse,  such  as  condemned  food, 
vegetable  garbage,  street  sweepings,  and  the  Uke,  are  reduced  to  charcoal  in 
another  apparatus  called  the  carhoniser.  The  carbon  thus  produced  is  used 
for  disinfecting  purposes,  for  decolourising  the  waste  water  from  factories, 
&c.  The  excreta  proper  are  collected  in  pails  and  reduced  to  small  bulk  by 
drying  in  a  closed  apparatus,  called  the  concretor,  the  ammonia  being  hxed 
by  the  sulphuric  acid  fumes  produced  by  the  other  processes.  By  tins 
means  the  contents  of  the  pails  are  reduced  to  one-twelfth,  and  a  valuable 
manure  obtained,  which  may  be  either  in  the  form  of  poudrette  or  mixed 
with  a  little  charcoal.  Similar  plans  of  disposing  of  toAvn  refuse  are  m 
operation  in  Glasgow,  Leeds,  Bradford,  Stailbrd,  Birmingham,  Blackburn 
and  elsewhere.  This  system  has  been  favourably  reported  on  as  the  best 
available  means  for  disposing  of  to^v^l  refuse.    "  l^ot  only  are  poisonous  and 
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.Idisgusting  elements  dealt  with  and  satisfactorily  disposed  of,  without 
r.nuisance  of  any  kind,  but  products  having  a  marketable  value  can  be  and 
■are  produced  without  any  infraction  of  true  hygienic  principles,  whilst  at 
;  the  same  time  they  may  have  the  effect  of  materially  reducing  the  expenses" 
,  (Saunders). 

Movable  tubs  or  pails  are  also  in  use  in  many  continental  towns.  They 
lare  usually  placed  in  the  basement  of  houses  and  are  capable  of  holding  from 
riifty  to  sixty  gallons  of  liquid  ;  they  are  connected  with  the  closets  by  means 
of  an  iron  or  stoneware  pipe.  As  a  rule  there  are  no  traps,  and  the  sewer 
-gases  readily  enter  and  diffuse  themselves  through  the  dwelling.  In  Paris 
t  the  contents  of  these  cesspools  are  collected  in  tanks  outside  the  city,  where 
I  the  hquid  part  is  allowed  to  evaporate  or  run  to  waste  into  the  nearest  water 
channel ;  the  solid  part  is  dried  by  being  spread  out  on  the  surface  of  the 
.  ground,  where  it  is  allowed  to  accumulate  for  many  months,  It  is  then  sold 
V  under  the  name  of  poudrette. 

There  have  been  great  discussions  as  to  the  salubrity  of  the  French 
I  poudrette  manufactories,  and  the  evidence  is  that  they  are  not  injurious  to 
t  the  workmen  or  to  the  neighbourhood,  although  often  disagreeable.  Ap- 
•  parently  the  poudrette  may  undergo  a  kind  of  fermentation  which  renders  it 
I.  dangerous,  as  Parent-Duchatelet  has  recorded  two  cases  of  outbreaks  of  a 
i  fatal  fever  (enteric  1)  on  board  ships  loaded  with  it. 

The  disposal  of  ordinary  town  refuse  is  usually  affected  by  a  "  Destructor," 
'  which  practically  consists  of  large  furnaces  constructed  so  that  the  refuse  may 
1  be  tlirown  in  at  the  top  and  the  indestructible  clinker  removed  at  the  bottom. 

■  "VSHien  once  the  fire  is  started  it  is  found  that  the  organic  matter  suffices  to 
I  maintain  the  combustion  until  complete  destruction  is  effected. 

Destructors  may  be  divided  into  two  classes :  (a)  the  slow  combustion 
1  type,  and  (&)  the  high  temperature  or  force-draught  furnace  type.  Fryer's 

■  patent  destructor  is  an  example  of  the  first  class,  and  Horsfall's  an  example 
'  of  the  second  class.  Horsfall's  destructor  is  fitted  with  a  steam-jet  forcing 
'  draught  so  as  to  obtain  a  temperature  about  2000°  F.  ;  a  furnace  of  the 
'  ordinary  type  has  a  fire-grate  area  of  about  25  square  feet  and  is  capable  of 

burning  seven  tons  of  ordinary  house  refuse  in  twenty-four  hours.  The  heat 
'  obtained  can  be  transformed  into  useful  power  and  steam  generated  for 
'  electric  lighting  and  other  purposes.    In  Fryer's  slow  combustion  destructor 

the  cells  have  a  temperature  about  700°  F.,  and  the  products  of  combustion 

■  are  passed  through  a  fume  cremator.    Engineers,  of  late  years,  seem  to  pre- 
fer the  high  temperature  destructors. 

Kemoval  of  Excreta  by  Water. 

This  is  the  cleanest,  the  readiest,  the  quickest,  and  in  many  cases  the 
least  expensive  method.  The  water  supplied  for  domestic  purposes,  which 
has  possibly  been  raised  to  some  height  by  steam  or  horse  power,  gives  at 
once  a  motive  force  at  the  cheapest  rate ;  while,  as  channels  must  neces- 
sarily be  made  for  the  conveyance  away  of  the  waste  and  dirty  water  which 
has  been  used  for  domestic  purposes,  they  can  be  used  with  a  little  alteration 
for  excreta  also.  It  would  be  a  waste  of  economy  to  allow  this  water  to 
pass  off  without  applying  the  force  which  has  been  accumulated  in  it,  for 
another  purpose. 

Slop-Closets. — In  some  towns,  particularly  in  the  north  of  England,  where 
a  sufficient  water-supply  is  not  available  or  where  it  is  not  utilised  for  flush- 
ing and  washing  out  water-closets,  advantage  is  taken  of  the  household 
waste  water  to  do  the  necessary  cleansing. 
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There  are  two  kinds  of  slop-closets,  viz.,  those  in  which  the  waste  water  > 
is  allowed  to  run  directly  into  the  basin,  and  those  in  whicli,  with  a  view 
to  give  a  better  flush,  the  waste  liquid  is  collected  in  a  suitable  contrivance,  i 
called  a  tipper,  and  then  discharged  from  time  to  time  in  a  sudden  forcible  I 
stream  :  the  latter  kinds  are  called  "automatic  slop-closets."  1 

The  advantages  claimed  for  this  class  of  closets  are  that  (1)  on  sanitary 
grounds  they  appear  to  be  satisfactory  appliances ;  that  (2)  the  trouble  aris-  : 
ing  from  frozen  pipes  and  cisterns  in  the  case  of  ordinary  water-closets  placed 
in  outbuildings  practically  need  not  be  considered  in  the  case  of  slop- 
closets;  that  (3)  by  utilising  the  slop  water  of  a  household  for  flushing 
closets  considerable  economy  is  effected  in  the  consumption  of  water,  and 
the  volume  of  sewage  to  be  dealt  with  at  the  outfall  is  lessened. 

The  best  type  of  closet  of  the  non-automatic  form  is  perhaps  that  known 
as  Fowler's  closet,  largely  in  use  in  Newcastle,  Salford,  and  Hanley. 

The  general  arrangement  of  these  closets  will  be  readily  seen  from  fig. 
68.    The  objections  to  these  closets  are  (1)  that  the  stream  of  water  is  not  i 


Fig.  68. 


sufficient  to  keep  them  clean,  and  (2)  that  the  back  and  sides  get  fouled  by 
the  excrement  falling  against  them.  For  these  closets  to  work  properly  there 
should  be  an  efficient  fall  in  the  drain  pipe  communicating  with  the  sewer. 

Another  form  of  slop-closet  is  that  of  Hill,  in  use  a  Birmingham,  and  in 
which  either  a  siphon-cistern  or  tipper  is  used  to  collect  the  slop  water  and 
then  discharge  it  in  a  sudden  flush.  The  tipper  is  preferable  to  the  siphon 
tank,  as  the  latter  fails  sometimes  to  act  owing  to  clogging  with  greasy 
water.  A  number  of  these  closets  can  be  placed  on  one  drain,  a  single  trap 
serving  for  the  whole ;  a  ventilation  shaft  is  provided  at  the  upper  end. 
Fig.  69  shows  this  arrangement. 

Improvements  on  these  closets  are  the  various  kinds  of  automatic  slop- 
closets,  in  which  the  slow  and  uncertain  trickle  of  the  slop  water  from  the 
smks  is  replaced  by  a  sudden  gush  of  the  slop  water  after  storage  in  either 
siphon-cistern  or  tipper.  The  tipper  is  merely  an  iron  or  earthenware 
vessel,  so  shaped  and  balanced  on  pivots  that  when  full  the  weight  of  the 
contained  liquid  overbalances  it  and  so  causes  its  contents  to  be  suddenly 
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oured  down  the  pipe.  There  are  several  kinds  of  these  automatic  slop- 
,  losets ;  in  some  the  tipper  is  placed  close  to  the  sink  discharge  pipe  (top 
rinshing) ;  in  others  the  tipper  is  placed  well  away  from  the  slop  stone  and 
more  or  less  in  a  piece  with  the  lowest  section  of  the  closet-shaft  (bottom 


C/atern 


Fig.  69. 


Musliing).  Day's  slop-closet  has  lately  come  into  favour  among  advocates  of 
t  the  slop-closet  system.  In  this  apparatus  the  tipper  is  the  receiver  for  the 
e  excreta  and  discharges  directly  over  the  siphon-trap ;  also  each  section  of 
t  the  connectmg  shaft  between  the  pedestal  and  the  container  for  the  tipper 


Fig.  70. 


'i  has  an  increased  diameter  from  above  downwards,  an  arrangement  which 
'  lessens  the  risk  of  matter  adhering  to  the  sides.    Many  of  these  closets  have 
been  fixed  in  Wolverhampton  and  Stafford  (fig.  70).    The  tippers,  to  be 
■  effectual,  must  contain  at  least  three  gallons  of  water  for  single  closets  and 
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five  gallons  if  flushing  two  or  more  closets  in  a  row.  Borne  kinds,  such  as 
Whalley's,  do  not  have  a  self-acting  tipper,  but  are  discharged  l)y  pulling  up 

a   handle.     Others   have  the 
tipper  situated  at  the  side  or  | 
back  of  the  closet  basin  (fig. 
71). 

The  various  automatic  slop- 
closets  appear  to  be  advantage- 
ous in  that  their  original  cost  is 
small,  they  consume  less  water 
and  produce  less  sewage,  and, 
too,  are  less  apt  to  freeze  or  get  i 
out  of  order  than  the  ordinary  ) 
water-closets ;  against  them  are 
the  facts  that  they  are  un- 
sightly, less  cleanly  than  water- 
closets  owing  to  the  fouling 
and  lodgment  of  excreta  on  the 
sides ;  the  sewage  is  exceedingly 
foul,  much  fouler  than  is  the 
case  where  the  closets  in  use  are 
ordinary  water-closets  with  a 
clean  water  flush.  This  is  accounted  for  by  the  fact  that  it  is  composed 
solely  of  the  slop  water  of  cottages  and  the  excreta  and  urine  of  the  in- 
habitants. The  concentrated  condition  of  the  sewage,  and  its  tendency  to 
rapid  putrefaction,  increase  the  difficulties  connected  with  its  ultimate 
disposal. 

The  use  of  slop-closets  can  only  be  recommended  out  of  doors,  and  where  ! 
the  sewers  have  a  good  fall,  and  where  a  public  service  of  water  is  laid  on  :■ 
to  each  house.  It  is  also  important  that  each  house  should  have  a  separate  : 
closet.  Subject  to  these  conditions  these  slop-closets  may  be  of  use  and  > 
value  in  places  where  it  is  desirable  to  economise  the  water. 

Trough  closets  are  those  in  which  a  long  metal  or  earthenware  trough 
partially  filled  with  water  passes  beneath  the  seats  of  the  closets,  placed 
side  by  side,  and  receives  the  excreta  from  them.  These  troughs  are 
regularly  flushed  by  the  discharge  of  a  volume  of  water,  either  by  an  attend- 
ant or  automatically  by  a  siphon-cistern  or  tilting  receiver,  and  the  contents 
carried  away  to  the  sewer  through  a  trap  at  the  end  of  the  trough.  These 
closets  are  adapted  for  schools,  factories,  and  groups  of  artisans'  houses, 
being  little  liable  to  damage  by  rough  usage,  or  get  out  of  order ;  the  only 
desideratum  being  a  good  large  drain  well  jointed  with  cement  and  plenty 
of  water. 

Their  drawbacks  are,  original  cost,  the  large  quantity  of  water  used,  and 
the  alarming  noise  and  splashing  which  results  if  the  flushing  happens  to 
take  place  when  the  seat  is  in  use.  Trough  closets,  whether  automatic  or 
otherwise,  can  only  be  used  where  good  drains  exist  and  a  supply  of  water- 
is  laid  on. 

Water-Closets. — The  essential  features  of  a  good  water-closet  are,  a 
basin  or  other  suitable  receptacle  of  some  non-absorbent  material  and  of 
such  shape  and  capacity  as  to  allow  the  excreta  to  fall  free  of  the  sides  and 
directly  into  the  water  in  the  basin.  There  may  be  said  to  be  five  distinct 
types  of  water-closets  now  in  use ;  they  are,  the  pan  or  container  closet, 
tile  long  hopper,  the  valve  or  plug  closet,  the  wash-out  and  the  wash-down 
closet. 


Fig.  71. 
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The  -^axi  or  container  closet  is  now  being  abandoned,  although  still  to  be 
Vamd  in  many  dwellings  and  public  buildings.  It  consists  of  a  conical  basin 
surrounded  by  a  container,  and  having  at  the  bottom  a  small  movable  j^an, 
; usually  of  tinned  copper,  to  receive  the  excreta;  this  holds  a  certain  amount 
;iof  water,  and  is  intended  to  act  as  a  water  seal  or  trap.  Frequently,  from 
liailure  of  water,  defective  apparatus,  or  from  the  copper  being  eaten  through 
I'by  oxidation  (not  uncommon  when  there  are  nitrates  in  the  water-supply), 
:  the  pan  is  empty,  so  that  free  passage  is  given  to  noxious  gases.  Add  to 
•'this  that  the  container  is  always  more  or  less  filthy,  and  that  the  soil  pipe 
I'from  it  usually  terminates  in  a  D  trap,  and  we  have  one  of  the  worst  com- 
bbinations  from  a  sanitary  point  of  view. 
JAll  such  closets  ought  to  be  definitely 
.1  abolished.  The  Model  Bye-laws  of  the 
LLocal  Government  Board  prohibit  the 
hfixing  in  any  new  water-closet  of  what  is 
kknown  as  a  "container"  or  D  trap.  A 
lidiagram  of  a  closet  constructed  with  these 
aarrangements  is  shoAvn  in  fig.  72. 

The  long  hopper  closet  is  a  deep  conical 
bbasin  ending  in  a  bent  tube  or  sijahon  trap, 
a  and  which,  from  its  shape  and  construction, 
iis  extremely  liable  to  become  filthy  by  the 
fiouling  of  its  sides ;  the  flow  of  water  is 
<Muggish  and  in  its  spiral  course  round  the  basin  fails  to  cleanse  it. 

The  valve  closet  (fig.  73)  is  an  improvement  on  the  two  preceding  forms ; 
bbut  in  recent  years  has  been  superseded  by  other  and  better  kinds.  Its 
:bhief  faults  were  that  it  was 
•complicated,  its  valve  often 
deaked  and  failed  to  keep  a 
iisupply  of  water  always  in 
Ithe  basin,  while  at  the  same 
itime  it  was  difiicult  to  keep 
Mean;  another  defect  was 
Ithat,  if  by  chance  the  siphon 
ijtrap  became  unsealed,  foul 
liair  could  escape  up  into  the 
iJiouse  from  the  soil  pipe 
Ithrough  the  overflow  pipe. 

Of  the  modern  forms  of 
water  -  closet  the  common 
iinds  are  the  wash-out  and 
ithe  short  hopper  or  wash- 
Idown  closet.  Both  of  them 
are  made  out  of  a  single  piece 
6f  earthenware.  In  the  wash- 
out closet  (fig.  74)  a  certain 
amount  of  water  is  kept  in  the 
lAasin  by  means  of  a  dam  or 
iridge  over  which  the  excreta 
nre  carried  by  a  flush  of  water. 
TThe  objections  to  this  closet 


^  oare  i 
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Fig.  7.3. 


we,  that  the  water  m  the  basin  is  not  sufiicient  to  cover  the  excreta,  and  that 
ficne  part  beyond  the  ridge  and  near  the  outlet  is  liable  to  get  foul  from  insuffi- 
;  m  some  varieties  of  this  closet  the  ridge  is  made  too  high, 
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■with  the  result  that,  unless  the  flush  be  good,  the  contents  are  not  at  once 

carried  away.  Of  the  short  hopper  or 
wash-down  class  (fig.  75)  one  of  the  best 
is  the  "  Deluge,"  which  is  provided  with 
a  flushing  rim  fronr  which  the  water  flows 
in  such  a  maimer  and  direction  that  the 
basin  is  kept  constantly  clean.  In  these 
forms  of  water-closets  the  back  of  the 
cone  should  be  made  as  vertical  as  pos- 
sible, so  that  the  excrement  drops  into 
the  water  of  the  trap  and  not  upon  the 
sides  of  the  basin. 

A  recently  introduced  and  good  type 
of  water-closet  is  that  known  as  the 
"Century  closet"  (fig.  76).  By  refer- 
ence to  the  illustration  it  will  be  seen 
that  the  service  pipe  from  the  cistern  has  two  connections  to  the  closet 
—one  leading  into  the  basin  in  the  usual  manner,  the  other  leading  into  the 
top  of  the  long  leg  of  a  siphon  pipe.  The  flush  from  the  cistern  is  thereby 
divided  into  two  streams— one  flushes  the  basin,  the  other  rushes  down  the 
siphon  leg,  expels  the  air  through  the  puff"  pipe,  starts  the  siphomc  action 
and  empties  the  basin,  which  is  refilled  with  clean  water  by  a  simple  after- 
flush  arrangement  in  the  cistern. 


^ntiaiphon 
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The  quantity  of  water  required  for  flushing  a  closet  is  three  gallons,  and 
to  avoid  waste  should  not  exceed  three  and  a  half  gallons.  The  closet 
should  be  flushed  from  a  waste-preventing  cistern  placed  not  less  than 
4  feet  above  the  seat,  the  service  or  supply  pipe  being  \\  to  1^  inch  m 
diameter  The  flushing  water  should  on  no  account  be  supplied  trom 
a  cistern  or  service  pipe  which  supplies  water  for  household  purposes; 
but  each  closet  should  have  its  own  separate  cistern.  They  are  usuauy 
made  of  iron,  and  those  with  a  siphon  action  are  best.  A  very  short  puu 
of  the  chain  will  put  the  siphon  in  action,  when  tlie  whole  contents  ot  tlie 
cistern  are  discharged.  The  overflow  pipe  from  the  cistern  should  dis- 
charge direct  through  the  wall  into  the  outer  air,  a  few  inches  from  the 
brickwork ;  it  should  under  no  circumstances  be  allowed  to  discharge  into 
any  pipe  connected  with  closets.  ., , 

Water-closets  should  always  be  placed  against  an  outside  wall  of  a  buua 
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:  ing,  ill  whicli  is  a  window  which  should  open  quite  to  the  ceiling.  If 
;  possible,  it  should  be  in  an  outbuilding  or  in  a  projection  Avith  thorough 
\  ventilation  between  it  and  the  house ;  the  air  from  the  closet  should  find 
ceasy  exit  to  the  external  air  and  not  pass  into  the  house. 

The  points  to  be  looked  to  in  examining  closets  are — 1st,  that  the  amount 
a  and  force  of  water  is  sufficient  to  sweep  everything  out  of  the  siphon ;  2nd, 
t  that  the  soil  pipe  is  ventilated  beyond  the  siphon  by  being  carried  up 
f  full-bore  to  the  top  of  the  house  j  '3rd,  that  the  junctions  of  siphon  and  soil 
I  pipe  and  of  the  lengths  of  the  soil  pipe  are  perfect. 

Many  methods  have  been  jjroposed  to  secure  a  perfect  joint  between  the 
■  outlet  and  ventilation  connections  of  a  stoneware  closet  with  the  house 
li drain;  lead  traps  have  usually  been  adopted,  the  joint  to  the  stoneware 
being  on  the  house  side  of  the  trap  and  the  connections  rendered  tight  by 
rred  lead,  putty,  or  other  bedding.  While  this  overcomes  the  difficulty  of 
t  the  joint,  it  necessitates  the  use  of  a  material  (lead)  which  readily  becomes 
coated  and  is  liable  to  corrode.  By  the  use  of  such  a  connection  as 
IDoulton's  metallo-keramic  joint  an  absolutely  perfect  connection  may  be 
iimade  by  the  incorporation  of  the  stoneware  and  metal  at  the  pomt  of 
j  junction.  It  is  generally  desirable  to  have  slop-sinks  separate  from  water- 
cclosets ;  their  connections  with  the  drain  demand  the  same  care  and  attention 
;vas  those  of  water-closets.  Slop  sinks  consist  of  a  basin,  either  of  enamelled 
I' cast-iron,  or,  better,  of  earthenware,  and  the  connections  in  all  respects 
rresemble  those  of  a  Avash-down  closet,  except  that  the  waste  pipe  need  not 
'  be  larger  than  2  to  3  inches.  On  account  of  the  great  danger  of  siphonage 
lirom  the  large  quantity  of  water  that  is  usually  discharged,  it  is  most 
e«ssential  to  ventilate  waste  pipes  and  to  connect  the  top  of  the  siphon  with 
tthe  ventilator  by  means  of  an  air-pipe  of  the  same  diameter  as  the  pipe  itself. 

Waste  pipes  discharging  water  from  kitchen  sinks,  scuUerys,  &c.,  and 
hbath  waste  pipes  carrying  away  water  from  baths,  should  not  connect 
Idirectly  with  any  drain,  but  must  discharge  into  the  open  air,  over  a 
'ichannel  leading  to  a  trapped  gully  grating  at  least  eighteen  makes  distant ; 
;lthey  should  not  be  made  to  open  under  the  grating,  as  sewer  gas  may  be 
iBUcked  up  through  the  pipes  by  the  higher  temperature  in  the  house. 
VWaste  pipes  should  also  have  a  siphon  trap  (fig.  78)  with  a  3-inch  water 
«eal.    They  should  not  be  connected  with  any  soil  pipe. 

Soil  pipes  for  carrying  away  sewage  must  be  placed  outside  the  building 
and  protected  as  far  as  possible  from  the  direct  rays  of  the  sun,  so  as  to 
uvoid  their  becoming  bent  from  expansion  or  the  joints  opening.  They 
ifehould  be  4  inches  in  diameter  and  carried  up  full-bore  to  above  the  eaves 
tof  the  house  and  terminate  away  from  all  chimneys  and  windows ;  an  upcast 
'COwl  is  sometimes  placed  over  the  top,  but  this  is  not  necessary ;  thin  wires 
may  be  strung  across  to  exclude  birds,  &c. 

Drawn  lead  is  the  best  material ;  seamed  lead  pipes  should  never  be  used, 
^oil  pipes,  whether  inside  or  outside  buildings,  should  be  made  of  such 
amaterial  that  their  weight  shall  be  in  the  following  proportions  to  lencrth 
«and  internal  diameter: —  ° 


Diameter. 


3  inches 
3?  I, 

4  „ 

5  „ 

6  .. 


Lead. 

Weight  per  10  feet  length 
not  less  than 


63  ft 
73  „ 
83  „ 
104,, 
125  „ 


Iron. 


Weight  per  6  feet  length 
not  less  than 


37  ft  r'V  in.  metal 

103,, 
138,, 
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Cast-iron  pipes  are  cheaper,  but  they  must  be  strong  and  the  inner  surface 
as  smooth  as  j^ossible ;  when  cast-iron  pipes  are  used  it  is  advisable  to  coat 
them  with  Angus  Smith's  composition,  which  renders  the  inner  surface 
perfectly  smooth ;  aU  joints  should  be  caulked  with  molten  lead.  As  it 
is  difficult  to  make  a  perfect  joint  with  iron  pipes,  they  should  never  be 
placed  inside  the  house. 

The  soil  pipe  must  be  so  constructed  that  "there  shall  not  be  any  trap 
between  such  soil  pipe  and  the  drains,  or  any  trap  (other  than  such  as  may 
necessarily  form  part  of  the  apparatus  of  any  water-closet)  in  any  part  of 
such  soil  pipe."  These  provisions  are  desirable  in  order  to  avoid  a  useless 
impediment  in  the  passage  of  sewage  from  the  soil  pipe  to  the  drain.  They 
are  also  essential  where  the  soil-pipe  is  used  as  a  means  of  securing  thorough 
ventilation  of  the  house  drain. 

Traps. — These  are  used  as  barriers  to  keep  the  sewer  air  in  the  drains 
from  entering  the  house  or  from  polluting  the  surrounding  air.  The 
method  by  which  the  sewer  air  is  kept  back  is  by  the  interposition  of  water 
between  the  inlet  and  the  outlet  of  the  trap.  This  "water  seal"  should 
have  at  least  a  depth  of  three-quarters  of  an  inch,  so  as  to  j^rovide  a  sufficient 
and  constant  barrier  against  the  passage  of  sewer  air.  There  must  be  no 
angles  or  projections  in  the  trap  itself,  which  will  prevent  the  passage  of 
solid  matter  or  favour  its  deposit,  as  this  would  undergo  putrefaction ;  the 


Fig.  77. 


trap  should  be  self-cleansing  as  far  as  possible,  and  every  portion  should 
be  washed  at  every  flush.  Surface  traps  should  never  be  placed  on  the 
ground  floor  in  houses  or  cellars,  but  outside  the  building,  and  so  situated 
that  if  from  any  cause  sewer  air  escaped  through  them,  it  would  do  so  into 
the  open  air  and  not  into  the  house. 

There  is  almost  an  infinite  variety  of  traps ;  those  most  usually  met  with 
in  practice  may  be  conveniently  divided  into  the  siphon-trap,  the  mid- 
feather-trap,  the  flap-trap^  and  the  ball-trap. 

The  simplest  form  of  siphon  trap  is  an  ordinary  pipe  with  a  bend  in  it,  so 
that  there  is  always  a  water  seal  between  the  inlet  and  outlet.  It  is  a 
useful  trap,  and  efficient  if  the  curve  is  deep  enough,  so  that  there  is  a 
certain  depth  of  water  (not  less  than  f  inch)  standing  above  the  highest 
level  of  the  water  in  the  curve ;  the  water,  however,  is  liable  to  be  sucked  out 
of  it,  if  the  pipe  be  too  small,  owing  to  the  water  being  carried  away,  when  it 
runs' full,  by  the  siphon  action  of  the  pipe  beyond.  If  two  siphons  succeed 
each  other  in  the  same  pipe,  without  an  air  opening  between,  the  one  wiU 

suck  the  other  empty.  ,  ■     i.     t  , 

The  siphon  trap  shown  in  fig.  77  a  is  a  good  form  of  intercepting  trap  lor 
disconnecting  the  house  drain  from  sewer  or  cesspool.  It  has  a  flat  external 
bottom  which  ensures  its  being  laid  level ;  there  are  two  openings  m  addition 
to  the  inlet  and  outlet,  one  of  which  may  be  made  to  act  as  an  an-  inlet  by 
beincT  carried  up  by  means  of  pipes  to  the  surface  of  the  ground,  where  it 
should  bo  covered  by  an  open  grating,  and  the  other  beyond  the  seal,  whicn 
may  be  used  for  cleaning  the  drain. 
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The  anti-D  trap  (fig.  78)  inveuted  by  Hellyer  is  a  most  effective  arrange- 
I  luent  against  siphonage.  In  this  trap  the  part  wliich  forms  the  water  seal  is 
f smaller  in  diameter  than  the  in-go,  also  the  out-go  is  enlarged  and  square  in 
flshape. 

Another  form  of  siphon  trap  is  shown  in  fig.  77  b.  This  is  a  bad  form  of 
titrap.  The  bottom  of  the  trap  being  rounded  is  difficult  to  keep  in  its 
pproper  jDosition ;  there  is  no  provision  for  venti- 
lating the  drain  in  the  shape  of  an  inlet 
oopening  on  the  house-side  of  the  water  seal, 
and  no  means  of  cleansing  the  drain  beyond 
tithe  .seal;  floating  matters,  such  as  paper, 
i&c,  often  accumulate  in  the  central  shaft  and 
tithe  dip  is  not  sufl&cient  to  wash  out  the  trap. 
IThe  siphon  bends  in  the  waste  pipes  from  baths 
aand  sinks  should  be  furnished  with  a  screw  at 
tlfche  lowest  point,  to  allow  of  unstopping. 

The  miclfeatlier  is  in  principle  a  siphon ;  it 
las  merely  a  round  or  square  box,  with  the 
eentry  at  one  side  at  the  top,  and  the  discharge 
ipipe  at  a  corresponding  height  on  the  opposite 
.■::side,  and  between  them  a  partition  reaching 
bbelow  the  lower  margin  of  both  pipes.  Water 

bbox  or  receptacle  to  the  height  of  the  discharge,  and  therefore  the  parti- 
ttion  is  always  to  some  extent  under  water  (fig.  79).  The  extent  should 
nnot  be  less  than  f  of  an  inch.  Heavy  substances  usually  subside  and  collect 
iiin  the  box,  from  which  they  can  be  removed  from  time  to  time ;  but  as 
oordinarily  made  it  is  a  bad  form  of  trap,  as  it  favours  the  collection  of 
Jdeposit,  and  is  not  self-cleansing. 

Another  bad  form  of  trap  is  the  D  trap  (fig.  80).    It  is  usually  found  in 
pipes;  there  is  a  large  surface  which  becomes  coated 


Fig.  78. 


of  course,  stands  in  the 


e  connection  with  soil 


Kg.  79.  Fig.  80.  Fig.  81. 


^'with  filth,  and  foul  air  is  generated.  This  trap  has  too  many  sharp  angles 
aand  projections  which  prevent  its  being  self-cleansing :  it  should  therefore 
r  never  be  used.  Bell-traps,  though  constantly  used  for  sinks  and  sometimes 
f  for  gullies,  are  very  defective  traps.  They  should  be  condemned  wherever 
!  they  are  met  with.  This  trap  (fig.  81)  is  unsealed  whenever  the  perforated 
\  bell  cover  is  removed,  and  the  small  quantity  of  water  which  forms  the 
'Water  seal  soon  evaporates.  In  order  to  hasten  the  flow  of  water  through 
t  the  discharge  pipe  the  cover  is  frequently  taken  off",  leaving  the  waste  pipe 
c  untrapped ;  the  bell  is  easily  broken  off  from  the  perforated  plate,  in  which 
case  it  no  longer  constitutes  a  trap,  and  sewer  gas  escapes. 

The  flap  is  used  only  for  some  drains,  and  is  merely  a  hinged  valve  which 
:i  allows  water  to  pass  in  one  direction,  but  which  is  so  hung  as  to  close  after- 
V  -wards  by  its  own  weight.    It  is  intended  to  prevent  the  reflux  of  water  into 
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the  secondary  drains,  and  is  supposed  to  prevent  the  passage  of  sewer  gas; 
it  is,  however,  a  very  imperfect  safeguard. 

The  hall-trap  is  used  in  some  special  cases  only ;  a  ball  is  lifted  up  as  the 
water  rises,  until  it  impinges  on  and  closes  an  orifice.  It  is  not  a  very 
desirable  kind. 

However  various  may  be  the  form  and  details  of  the  water  trap,  they  can 
be  referred  to  one  or  other  of  these  patterns. 

A  grease-intercepting  chamber  is  sometimes  necessary  to  prevent  the 
deposit  of  grease  or  sand  in  tlie  drain.  This  chamber  is  generally  made  of 
hollow  stoneware,  with  a  tight  iron  cover,  and  ventilated.  The  hot  water 
from  the  sink  is  cooled  on  entering  the  chamber,  the  grease  solidifies  and 
rises  to  the  top,  the  sand  sinlving  to  the  bottom  ;  the  grease  and  sand  must  be 
removed  periodically.  The  outlet  of  the  trap  is  at  the  bottom,  and  as  the  grease 
floats  on  the  top  of  the  water  and  becomes  solid  on  cooling,  it  can  be  readily 
removed  from  time  to  time.  The  size  of  the  chamber  should  be  proportional 
to  the  amount  of  sink  water  to  be  passed  through  it,  so  as  to  prevent  the 
displacement  of  the  body  of  water  in  the  trap  too  rapidly,  in  order  that  the 
grease,  being  chilled,  may  be  deposited  in  it.  The  trap  .should  be  easily 
accessible  for  periodical  cleaning.  Grease  traps,  however,  partake  of  the 
nature  of  cesspools  and  should  not  be  used  where  avoidable. 

Buchan's  disconnecting  and  ventilating  drain  trap  is  much  used  (fig.  82) : 


Fig.  82.  Fig.  83.  l^ig.  SJ. 


the  soil  pipe  and  drain  are  both  4  inches  in  diameter ;  there  is  a  fresh  air 
inlet  and  an  opening  beyond  the  water  seal  for  cleaning,  &c. ;  the  sewage 
enters  the  trap  with  a  considerable  fall  and  the  trap  is  flushed  clean. 

The  ordinary  form  of  gully  trap  (fig.  83)  is  a  very  simple  and  efficient 
form  of  trap,  so  far  as  the  drainage  of  the  yard  and  rain-water  pipes  is  con- 
cerned ;  but  it  is  essential  that  it  should  be  periodically  cleaned  out  and 
deposits  removed.  The  openings  should  never  be  below  the  grating,  but  all 
pipes  be  made  to  discharge  above  it.  ^ 

A  good  form  of  disconnecting  trap  for  sink  and  slop  Avaters  is  Deans 
(fig.  84),  which  is  fitted  with  a  bucket ;  this  can  be  lifted  out  by  means  of  a 
handle,  so  that  any  grease  or  deposit  can  be  easily  removed. 

The  Bye-laws  of  the  Local  Government  Board  require  that  "  the  waste 
pipe  from  any  bath,  sink  (not  being  a  slop-sink  constructed  or  adapted  to  be 
used  for  receiving  any  sohd  or  liquid  filth),  or  lavatory,  the  overflow  pipe 
from  any  cistern  and  from  every  safe  under  any  bath  or  water-closet,  and 
every  pipe  in  such  building  for  carrying  ofi"  waste  water,  to  be  taken  througli 
an  external  wall  of  such  building,  and  to  discharge  in  the  ^open  air  -^"'^  -i 
channel  leading  to  a  trapped  gully  at  least  18  inches  distant." 
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The  trap  as  shown  in  fig.  85  is  in  compliance  with  this  bye-law ;  the 
gully  is  fitted  with  a  bucket  which  can  be  lifted  out  by  the  handle,  so  that 
its  contents  can  be  easily  re- 
moved.   The  bucket  is  j)ro-  ,     ,   ^     ,     III'-   1  1 

vided  with  a  flange  round  I  ^    ;;"iH  ,   'lijllfef'  . 

:  the  top,  and  fits  the  sides  of      tlli.^  1  .H^^^nT^  |         1"^-  I -J^ 

I  the  trap  accurately,  so  that 
dirt  is  unable  to  pass  into  it 

1  when  it  is  being  removed. 
Efficiency  of  Traps.  — 

'  Water  should  stand  in  a  trap 

5  at  least  f  of  an  inch  above 

t  openings,  and  it  should  pass 

t  thi'ough  sufficiently  often  and 

\  with  sufficient  force  to  clear  it. 

J  An  essential  condition  of  the 

t  efficiency  of  all  traps  is  that 

t  they  should  be  self -cleansing. 

]  Many  traps  are  so  constructed 

t  that  no  amount  or  velocity  of 

'  water  can  clear  them.  Such 

I  traps  are  the  common  mason's 
or  dip-trap  (fig.  79),  and  the 
old  D  trap,  both  of  which  are 

:  simply  cesspools,  and  could 
never    be  cleaned  without 

being  opened  up.   Such  traps  ought  to  be  unhesitatingly  condemned, 
are  often  ineffective : — 1.  From  Isad  laying,  which 


Fig.  85. 


Traps 

is  a  very  common  fault. 

2.  From  the  water  getting  thoroughly  impregnated  with  sewer  effluvia,  so 
that  there  is  escape  of  effluvia  from  the  water  on  the  house  side.  3.  From 
the  water  passing  too  seldom  along  the  pipe,  so  that  the  trap  is  either  dry 
or  clogged.  4.  From  the  pipe  being  too  small  (2  or  3  inches  only),  and 
which  will  sometimes  suck  the  water  out  of  the  trap ;  it 


■  runnmg  full," 


Disconnecting  Man-holb. 

Perforated  Iron  Door. 


From  House. 


Cleaning  Branch. 


To  Sewer. 


Fig.  86. 

usually  occurs  in  this  way,  as  frequently  seen  in  sink  traps,  the  pipe 
beyond  the  trap  has  perhaps  a  very  great  and  sudden  fall,  and  when  it  is 
full  of  water  it  acts  like  a  siphon,  and  sucks  all  the  water  out  of  the  trap  ; 
to  avoid  this,  the  pipe  should  be  large  enough  to  prevent  its  running  full, 
or  the  trap  should  be  of  larger  calibre  than  the  rest  of  the  pipe.  This, 
however,  will  not  always  prevent  it,  as  even  6-inch  pipes  have  sometimes 
sucked  a  siphon  dry.    The  question  has  been  very  carefully  investigated, 
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in  America,  by  Philbreck  and  Bowditcli,  whose  report  has  shown  the  danger 
of  unsiphoning  to  which  small  pipes  are  exposed.  The  remedy  appears  to 
be  to  introduce  an  air-vent  at  the  crown  of  the  trap  and  not  to  have  too 
small  a  pipe,  especially  when  several  pipes  unite  in  one  general  Avaste.  Their 
experiments  also  showed  how  unsiphoning  might  take  place  from  the 
pressure  of  descending  water  from  upper  floors,  so  that  air  might  be  forcibly 
driven  into  the  house  when  upper  closets  or  sinks  were  used;  but  with 
proper  ventilation  these  dangers  may  be  completely  obviated.  5.  Traps 
may  perhaps  be  inefficient  from  the  pressure  of  the  sewer  air,  combined 
with  the  aspirating  force  of  the  house  displacing  the  water,  and  allowing 
the  air  uninterrupted  communication  between  the  sewer  and  the  house. 
The  extent  of  the  last  danger  cannot  be  precisely  stated.  From  a  long 
series  of  observations  on  the  pressure  of  the  air  in  the  London  sewers, 
Burdon-Sanderson  ascertained  that  in  the  main  sewers,  at  any  rate,  the 
pressure  of  the  sewer  air,  though  greater  than  that  of  the  atmosphere,  could 
never  displace  the  water  in  a  good  trap.  In  a  long  house  drain  which  got 
clogged,  and  in  which  much  development  of  gaseous  effluvia  occurred,  there 
might  possibly  be  for  a  time  a  much  greater  pressure,  but  whether  it  would 
be  enough  to  force  the  water  back,  with  or  without  the  house  suction,  has 
not  yet  been  experimentally  determined ;  water  siphon  traps  act  efficiently 
so  long  as  they  are  not  emptied  by  any  siphon  action  beyond.    But  the 


reasons  already  given  show  that  we  ought  not  to  place  dependence  solely  on 
traps ;  they  should  be  treated  merely  as  auxiliaries  to  a  good  di'ainage 
system.  In  arranging  the  house  pipes  the  sink  and  water-waste  pipes  must 
not  be  carried  into  the  closet  soil  pipes,  but  must  empty  in  the  open  air 
over  a  grating.  (See  fig.  85.)  The  bye-laws  of  the  Local  Government 
Board  require  that  "every  person  who  shall  erect  a  new  building  shall 
provide,  within  the  curtilage  thereof,  in  every  main  drain  or  other  drain  of 
such  building  which  may  directly  communicate  with  any  sewer  or  other 
means  of  drainage  into  which  such  drain  may  lawfully  empty,  a  suitable 
trap  at  a  point  as  distant  as  may  be  practicable  from  such  buUding  and  as 
near  as  may  be  practicable  to  the  point  at  which  such  drain  may  be  con- 
nected with  such  sewer  or  other  means  of  drainage." 

Man-holes. — In  the  event  of  a  drain  terminating  in  a  man-hole  or  discon- 
necting chamber,  a  special  form  of  disconnecting  trap  is  used.  The  Kenon 
air  chamber  and  trap  is  one  now  generally  recommended.  It  serves  to  cut 
off  aerial  communication  with  the  sewer  and  at  the  same  time  to  facilitate 
inspection  and  cleansing.  A  long  straight  pipe  unites  the  longer  arm  of  the 
siphon  to  the  chamber,  and  by  its  means  the  drain  beyond  the  siphon  can  be 
cleansed :  the  orifice  of  this  pipe  is  covered  by  a  movable  lid. 

Man-holes  should  be  introduced  where  tributary  sewers  join ;  they  should 


Fig.  87. 


Fig.  88. 


DRAINS  AND  SEWEES. 


553 


..iiark  off  sections  -where  tlie  sewer  lias  to  alter  its  straight  course.  A  man- 
Mole  chamber  (figs.  86,  87,  88)  is  built  of  brickwork,  set  in  cement,  and  the 
:lrain  or  sewer  is  continued  along  the  floor  of  the  chamber  by  means  of 
•ipen  half-channel  pipes  set  in  a  bed  of  cement.  The  surface  of  the  concrete 
Ihould  be  raised  some  inches  above  the  edges  of  the  half-channel  pipes  to 
inrevent  the  sewage  from  overflowing  on  to  the  floor  of  the  chamber,  and 
it  should  be  lined  with  cement  all  over  so  as  to  present  a  smooth  and 
iimpervious  surface.  All  street  man-holes  should  be  fitted  with  a  perforated 
won  grid ;  a  tray  placed  beneath  the  grating  will  catch  any  dirt  that  may 
tmter,  and  still  allow  of  the  free  circulation  of  air  in  the  sewers. 

In  the  case  of  private  drains  the  man-hole  lids  are  made  air-tight,  with 
hhe  exception  of  the  terminal  one,  which  should  be  open  so  as  to  provide  for 
■,  current  of  air  along  the  sewer. 

Drains  and  Sewers. — Drain  means  any  drain  of,  and  used  for  the 
ilrainage  of,  one  building  only,  or  j)i'emises  Avithin  the  same  curtilage,  and 
made  merely  for  communicating  therefrom  Avith  a  cesspool  or  like  receptacle 
oor  drainage,  or  with  a  sewer  into  which  the  drainage  of  two  or  more 
luuildings  or  prenlises  occujsied  by  diff'erent  persons  is  conveyed. 

Sewers  include  sewers  and  drains  of  every  description,  except  drains  to 
rVhich  the  word  "drain,"  as  above  defined,  applies.  In  other  words,  a 
eewer  is  a  drain  receiving  the  drainage  of  two  or  more  buildings,  and  may 
lee  an  open  channel,  such  as  a  polluted  water-course,  as  well  as  an  under- 
r:round  culvert.  Under  the  Metropolitan  Local  Management  Act,  1862, 
hhis  distinction  between  drain  and  sewer  is  not  accepted,  but  a  combined 
irain  is  deemed  to  remain  a  drain.  So,  again,  in  urban  districts  which 
aave  adopted  the  Public  Health  (Amend.)  Act,  1890,  the  interpretation  of 
/drain"  is  different.  "S^Hiereas,  under  Public  Health  Act,  1875,  if  one  or 
laore  houses  drain  into  a  common  pipe,  such  common  pipe  or  combined  drain 
13  a  sewer  J  but  under  section  19  of  the  Amended  Act  this  common  jjipe  is 
eeemed  to  be  a  sewer  only  if  all  the  houses  belong  to  one  owner ;  if  they 
eelong  to  more  than  one  owner,  then  the  combined  drain  is  a  drain  repairable 
tt  the  owners'  expense,  and  not  a  sewer  repairable  at  the  expense  of  the 
lanitary  authority. 

The  function  of  a  drain  is  to  carry  away  as  rapidly  as  possible  to  the 
eewer  or  cesspit  the  waste  products  that  are  capable  of  being  removed  by 
ihe  agency  of  water.  In  order  to  do  this,  it  must  be  made  of  such  a  form 
B8  wiU  cause  the  least  resistance  to  the  free  passage  of  its  contents,  and  be 
constructed  of  materials  that  will  permit  of  no  leakage  of  surface  Avaters 
lato  the  drain,  or  of  sewage  into  the  ground ;  the  joints  betAveen  the  different 
Jections  must  be  also  made  impervious,  so  that  the  Avhole  drain  is  both  air- 
und  Avater-tight  throughout  its  entire  length,  except  at  those  exits  Avhich 
KTB  provided  for  the  purposes  of  ventilation. 

The  usual  form  of  drain  is  a  circular  pipe,  made  in  lengths  of  about  two 
eet,  in  glazed  stoneAvare,  semi- vitrified  Avare,  or  of  cast-iron  or  other  suitable 
jnaterial.  They  must  be  of  adequate  size  :  for  small  houses  4  or  5  inches  in 
iiiameter ;  for  larger  houses  6-inch  pipes  may  be  necessary,  and  for  hospitals 
r  r  other  large  institutions  9-inch  pipes.  They  should  be  Avell  glazed  inter- 
i^ally.  If  the  drain  is  made  of  cast-iron,  the  Aveight  and  thickness  of  the 
ifipes  in  proportion  to  the  diameter  should  be  as  foUoAvs  :— 


Internal  diameter. 
Inches. 


Per  6  ft.  length. 
Not  less  than 


4 
5 
6 
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Laying  of  Drains. — They  should  be  laid  very  carefully  on  concrete  on  all 
sides.  If  the  ground  on  which  the .  pipe  has  to  be  laid  is  not  solid,  or  if 
there  is  any  likelihood  of  subsidence  taking  place,  the  pipes  must  be  laid  in 
a  bed  of  concrete  of  sufficient  thickness.  Sometimes  in  very  loose  soils 
even  piling  for  the  depth  of  a  foot  must  be  used  besides  the  concrete ;  the 
foundation  of  concrete  should  support  the  pipes  in  their  length  and  not  at  the 
sockets  only  ;  it  should  never  be  less  than  3  inches  under  the  centre  of  the  pipe. 

Each  length  of  stoneware  pipe  is  provided  at  one  end  with  a  socket  into 
which  the  spigot  of  the  next  pipe  fits.  The  space  between  the  spigot  and  the 
socket  is  generally  filled  in  with  cement  to  make  the  joint  water-tight,  but 
care  must  be  taken  that  this  does  not  penetrate  to  the  inside  of  the  pipe  and 
afterwards  obstruct  the  flow  of  sewage.  A^arious  patent  joints  have  been 
invented ;  they  are  chiefly  used  when  pipes  have  to  be  laid  in  water-logged 
soil.  Stanford's  patent  joint  is  made  by  casting  a  rim  of  smooth  and 
durable  material  on  to  the  spigot  end  of  the  pipe  and  in  to  the  interior  of 
the  socket,  so  as  to  insure  a  tight  fit ;  space  is  also  left  to  allow  of  cement 
being  introduced  if  required.  In  the  most  recent  joint  the  composition  on 
the  end  of  the  spigot  has  a  convex  surface  so  as  to  allow  of  a  certain  dis- 
placement without  fracturing  the  pipes.  When  laying  these  pipes,  the 
spigot  and  socket  are  simply  dried,  and  covered  with  a  special  lubricant ; 
they  are  then  pressed  home  and  the  joint  is  complete.    Hassall's  patent  is 

also  frequently  used  when 
Cement  poured  in  here  difficulty  is  experienced 

in  laying  ordinary  pipes. 
Two  bands  of  bituminous 
material  are  cast  on  the 
outside  of  the  spigot  and 
on  the  inside  of  the  socket, 
so  that  when  the  pipes 
pig  g9_  are  laid  together  the  in- 

terspaces form  an  annular 
groove  which  terminates  in  two  openings  at  the  top.  The  spigots  and 
sockets  are  lubricated  with  a  special  plastic  cement  before  being  adjusted ; 
fluid  Portland  cement  is  then  run  in  at  one  of  the  top  openings  until  it 
makes  its  appearance  at  the  other  opening.  The  joint  is  thus  encircled 
with  a  band  of  cement  which  forms  a  very  strong  union  (fig.  89). 

The  "junction"  of  pipes  is  accomplished  by  special  pipes,  known  by  the 
names  of  single  and  double  squares,  curved  or  oblique  junctions,  according 
to  the  angle  at  which  one  pipe  runs  into  the  other.  The  square  j  mictions 
are  undesirable,  as  blockage  will  always  occur,  and  the  obhque  junctions 
should  be  insisted  upon.  When  a  smaller  pipe  opens  into  a  larger,  a  taper 
pipe  should  always  be  used,  the  calibre  being  contracted  before  it  enters  the 
receiving  pipe.  All  jointing  must  be  in  good  cement,  unless  special  patent 
joints  (such  as  Stanford's)  are  used.    Clay  jointing  is  wholly  inadmissible. 

Drains  should  never,  if  possible,  be  carried  under  the  house  :  but  when 
this  is  unavoidable,  there  should  be  a  distance  equal  to  the  diameter  of 
the  drain  between  its  highest  point  and  the  surface  of  the  ground  under  the 
building  ;  the  pipe  should  be  taken  in  a  straight  line  from  one  pouit  to  the 
other,  with  a  man-hole  or  access  pipe  at  each  end,  and  it  should  be  com- 
pletely embedded  in  cement,  with  solid  concrete  6  inches  thick  all  round  ; 
or  the  pipe  may  be  taken  above  the  basement  floor  and  exposed  throughout 
its  course.  In  such  case  it  should  be  made  of  cast-iron  with  lead  jointnigs. 
In  the  United  States,  where  this  alternative  system  is  adopted,  this  is  made 
compulsory. 
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Tlie  drains  should  end  outside  the  house,  and  as  far  as  possible  every 
luse  pipe  should  be  carried  outside,  and  not  inside  or  between,  walls  to 
leet  the  drain.    The  object  of  this  arrangement  is  to  prevent  sewer  air 
assinc  into  the  house  through  any  imperfections  in  the  house  pipe  or  drain. 


A  general  scheme  for  the  arrangement  of  house  drains,  and  showing  the 
hief  points  here  mentioned,  is  given  in  iig  90. 

The  "  Durham  "  system  of  house  drainage  has  recently  been  introduced 
nto  this  country  from  America.  The  pipes  are  of  wrought-iron  lined  with 
•sphalte,  and  are  joined  together  by  wrought-iron  collars  and  cast-iron 
lends  and  junctions.  It  is  said  that  by  this  system  faulty  joining  is  an  im- 
'ossibility ;  but  the  effect  of  changes  of  temperature  on  their  stability  is  not 
tated.  Events  have  shown  what  a  risk  the  richer  classes  in  this  country 
ften  run,  who  not  only  bring  the  drains  into  their  houses,  but  multiply 
^'ater-closets,  and  often  put  them  close  to  bed-rooms.  Every  house  drain 
hould  be  trapped  as  near  as  practicable  to  its  junction  with  the  public  sewer. 

Cleansing  of  Pipes  and  Drains.— Pipes  are  cleaned  by  flexible  bamboo  or 
"inted  rods  with  screws  and  rollers  to  loosen  sediment.  The  safest  plan  of 
loaning  drains  is  from  man-holes,  the  drains  being  laid  in  straight  lines 
l  om  man-hole  to  man-hole.  By  this  means  obstructions  are  easily  detected 
nd  removed.  Most  engineers  now  lay  down  a  half  round  pipe  where 
cquired,  raise  up  the  sides  in  cement,  and  cover  the  space  over  with  an  air- 
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u.Q...  Besides  man-holes,  other  means  of  access  to  drains,  viz., 

Armstrong  junctions  and  cleaning  branches,  are  in  use.   Armstrong  junctions 
consist  of  a  junction  pipe  with  an  opening  at  the  point  of  junction,  all  in 
one  piece  of  stoneware.    The  opening  may  be  carried  to  the  surface  of  tlie 
ground  by  the  required  length  of  stoneware  pipe  of  corresponding  diameter 
being  fitted  over  it.    These  junctions  are  useful  when  the  drain  is  shallow, 
but  are  too  small  to  be  of  much  service  where  the  drain  is  at  all  deep. 
Cleaning  branches  are  formed  with  a  Y  or  V  junction  pipe.    They  should 
always  be  provided  at  the  heads  of  long  branch  drains  from  suiks  and 
water-closets  Avhich  do  not  connect  with  a  principal  drain  in  a  man-hole. 
They  form  cheap  and  useful  means  for  clearing  a  drain  with  rods.  A^Tien 
the  branch  drain  is  2  feet  deep  or  more,  the  cleaning  arm  may  be  set 
vertically  over  it ;  but  if  the  drain  is  very  shallow,  it  should  be  tdted  to 
one  side.    Drain  pipes  should  also  be  cleared  out  by  regular  flushing  when 
necessary.    This  may  be  done  by  means  of  an  automatic  apparatus  such  as 
Field's  flush  tank  (fig.  91).    By  regulating  the  flow  of  water  it  may  be  made 
to  empty  itself  as  often  as  necessary. 

Tanks  of  this  description  which  are  connected  with  large  sewers  are 
usually  built  in  brickwork,  ljut  those  for  drains  and  smaUer  sewers  are 
made  of  galvanised  wrought-iron.  In  the  case  of  ordinary  drains,  these 
tanks  usually  hold  from  80  to  100  gallons  of  water,  the  diameter  of  the 
discharge  pipe  being  4  inches.  Field's  flush  tanks,  when  used  for  coUectmg 
and  automatically  discharging  into  drains  the  sink  and  laundry  waste  of  an 
establishment,  are  very  likely  to  fail  through  clogging.  Adams  flushing 
gully  is  a  better  form  of  flush  tank  for  this  purpose  (fig.  92). 


Fig.  91. 

Fall  of  Drains.— The  fall  or  inclination  given  to  a  drain  must  depend  on 
the  circumstances  of  the  case,  but  it  may  be  taken  as  a  general  rule  that  « 
house  drain  should  have  a  fall  of  about  1  m  50.    Maguii-e  gives  the  folio 
fng  rule  for  determining  the  fall  necessary  :-Multiply  the  diameter  of  th 
dvlin  in  inches  by  10  :  thus  a  4-inch  dram  should  have  a  fall  of  1  m  W, 
eTi  ch  d  a?ri  in'  60.    The  fall  should  be  such  that  tlie  -ouring  of  th. 
drains  can  be  effectually  accompHshed  without  the  use  of  ^f-^f  j^^^l^^, 
on  the  other  hand,  the  inclination  must  not  be  too  great,  or  fh«  hqim 
portion  flows  away  too  rapidly,  leaving  the  solid  matters  l^ehuid  1 
prevent,  as  far  as'possible,  the  occurrence  of  deposits,  Vn^^' 
diameter  than  6  inches  should  not  be  used.    When  the  ^^^'^f  f  ^  '^X 
feeble,  automatic  flushing  tanks  may  be  placed  at  the  -PP«;;-^,  ^^^^^^^^^^  . 

Theinchnation  at  which  house  drains  are  laid  f  P^^'^^^^^  ^^^^^-f  ^  S.„,. 
the  current  that  is  desired  to  be  attained.  For  house  ^^'Z^li  vrnZs 
mended  that  this  should  be  4|  feet  per  second  m  circular  pipes  umnu. 
two-thirds  full,  and  3  feet  per  second  running  a  quarter  inn. 


TO  TEST  DRAINS  AND  PIPES.  657 

All  house  pipes  (except  the  soil  pipe),  including  rain-Avater  pipes  should 
end  below  in  the  open  air,  not  less  than  18  inches  distant  from  the  "uHy 
trap,  so  as  to  completely  disconnect  them  from  the  drain.  Eain-water 
pipes  should  not  be  made  to  act  as  ventilators  to  any  drain,  as,  independently 
of  their  small  size,  which  often  leads  to  blockage,  they  are  often  full  of 
rain,  and  cannot  act  at  the  time  Avhen  ventilation  is  most  required  They 
are  also  apt  to  deliver  sewer  air  into  garret  windows.  The  plan  is  obiec 
tionable,  and  ought  to  be  abandoned. 

To  Test  Drains  and  Pipes. -Pipes  and  traps  are  generaUy  so  covered  in 
r  hat  they  caiuiot  be  inspected  j  but  this  is  a  bad  arrangement.    If  possible 
all  cover  and  skirting  boards  concealing  them  should  be  removed  and  the 
pipe  and  trap  underground  laid  bare,  and  every  joint  and  bend  looked  to 
but  supposing  this  cannot  be  done,  and  that  we  must  examine  as  well  as  we 
canmthedark,_so  to  speak,  the  following  is  the  best  course  .-—Let  water 
run  doAATi  the  pipe,  and  see  if  there  is  any  smell ;  if  so,  the  pipe  is  fuU  of 
oul  air  and  wants  ventilation,  or  the  trap  is  bad.    If  a  lighted  candle  or  a 
Int  of  smouldering  brown  paper  is  held  over  the  entrance  of  the  pipe  or  the 
grating  over  a  trap,  a  reflux  of  air  may  be  found  with  or  without  water 
being  poured  down     It  should  be  noticed,  also,  whether  the  water  runs 
away  at  once  or  if  there  is  any  check.    This  is  aU  that  can  be  done  inside 
the  house;  but  though  the  pipe  cannot  be  disturbed  inside,  it  may  be 
I^ossible  to  open  the  earth  outside,  and  to  get  down  to  and  open  a  drain 
m  that  case  pour  water  mixed  with  lime  down  the  house  pipe  -  if  the 
whitened  water  is  long  in  appearing,  and  then  rims  in  a  dribble  merely 
the  drains  want  flushing;  if  it  is  much  coloured  and  mixed  with  dirt  it 
.shows  the  pipes  and  traps  are  foul,  or  there  is  a  sinking  or  depression  in 
some  part  of  the  dram  where  the  water  is  lodging.    The  p°ipe  sho   d  then  be 

^t^eS^-Z:-''''  '  ^--water 

^ewer  or  cesspool,  and  fiUing  the  Lin  full'^o'  w^^e^mtil  it  rea  S  S 
1.  ve  of  one  of  the  traps.    The  main  drain  should  be  so  constri  cted  as  to  be 
.  pable  of  resisting  a  pressure  of  at  least  2-feet  head  of  water.    If  after  one 
.  two  hours  there  is  no  change  in  the  level  of  the  water,  it  may  be  con 
Mdered  sound;  on  the  other  hand,  should  it  subside,  leakarmust  be 
^.king  place  either  from  broken  pipes  or  imperfect  joints.    So  1  Zet  a 
as  the  various  closet  connections,  may  be  tested  in  the  same  wav  bv 
'lugging  the  dram  at  the  junction  with  the  soil  pipe     Th?  w  ^ 
^evere  one.    Or,  the  drain  Ly  be  filled  with  smof.e'^by  a  fo  cit  ap ^arTttS^ 
'vhen  the  situation  of  a  leak  will  be  detected  by  the  prLLce  of^Kmnl  . 
-moke  rockets  have  been  recently  introduced  for  tlS  nnrnnS -  .^ 
grenades  charged  with  pungent  cliLicals  (BaltV  pat^^^^^^^^^^ 
I'Jt  very  efficacious  method,  perhaps,  is  to  pour  down  the  ninP  otfiri  •  i  . 
■art,  an  ounce  of  oil  of  peppLmei^i 'with  a  few^s  offi 

^a^tiaiLSi^^^^/Lj^:  ^^^-^^^  -^^^^  -^-e  t  ;r 

quite  impossible  that  any  town  or  even  any  large  number  of  houses 
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can  be  properly  freed  of  its  waste  water  witliout  sewers,  and  in  more  or  less  i 
perfect  condition  tliey  are  to  be  found  not  only  in  all  modern  but  in  most  j 
ancient  cities.    Originally,  no  doubt,  tbey  were  mere  surface  channels,  as  i 
tliey  are  still  in  many  towns ;  but  for  the  sake  of  appearance  and  inoffensive- 
ness,  the  custom  must  have  soon  arisen  of  placing  them  underground,  nor 
in  modern  towns  could  they  now  be  arranged  otherwise.    In  some  large 
towns  there  are  many  miles  of  sewers  constructed  often  with  great  skill 
and  science ;  these  serve  in  some  instances  as  the  channels  not  only  for 
rain,  but  for  natural  streams  which  have  been  enclosed. 

The  sewers  form  thus  in  the  subsoil  of  towns  a  vast  network  of  tubes, 
connecting  every  house,  and  converging  to  a  common  outlet  where  their 
contents  may  be  discharged. 

In  some  towns  the  sewers  carry  away  none  of  the  solid  excreta,  though 
probably  urine  enters  in  all  cases.  In  most  toAvns,  however,  solid  excreta 
in  greater  or  less  quantity  enter,  owing  especially  to  the  prevalent  use  of 
Avater-closets,  or  to  the  drainage  of  middens  and  manure  heaps. 

Whether  the  solid  excreta  pass  in  or  not,  the  liquid  in  the  sewers  must 
always  contain  either  suspended  or  dissolved  animal  or  vegetable  matters 
derived  from  the  refuse  of  houses.  It  is  generally  warmer  than  the  water 
of  streams,  and  is  of  no  constant  composition  :  sometimes  it  is  very  turbid 
and  highly  impure ;  in  other  cases  it  is  hardly  more  impure  than  the  water 
of  surface  wells.  The  suspended  matters  are,  however,  generally  in  larger 
proportion  than  the  dissolved. 

In  some  cases  the  sewer  water  is  in  greater  amount  than  the  water 
supplied  to  the  town  and  the  rainfall  together.  This  arises  from  the  subsoil 
water  finding  its  way  into  the  sewers. 

One  ton  of  London  or  Kugby  sewage  contains  only  from  2  R  to  3  R  of 
solid  matter  (Lawes).  One  ton  of  Southampton  sewage  contains  about  2  1» 
dissolved  and  1^  K)  to  1 J  ft  suspended  matter. 

The  average  composition  of  server  Avater  in  towns  with  water-closets  is : 
organic  matter,  39-6;  nitrogen,  8-87;  phosphoric  acid,  2-24;  potash,  2-9 

parts  per  100,000.  ^  , 

The  Rivers  Pollution  Commissioners  give  7-728  parts  per  100,000  ot 
total  combined  nitrogen,  6-703  of  ammonia,  and  10-66  of  chlorine. 

Under  the  microscope,  seAvage  contains  various  dead  decaying  matters, 
and  in  addition,  large  numbers  of  Bacteria  and  amoebiform  bodies,  as  well 
as  ciliated  infusoria.  Fungi  and  Infusoria,  especially  Paramoscia,  are  seen, 
but  there  are  few  Diatoms  or  Desmids,  and  seldom  any  of  the  forms  of 

higher  animal  life.  ,  ,     ^  «• 

The  sewers  of  a  town  are  for  the  most  part  used  also  to  carry  oil  the 
rainfall  and,  indeed,  before  the  introduction  of  water-closets  they  were 
used  only  for  this  purpose  and  for  taking  away  the  slop  and  sink  water  of 
houses  In  countries  with  heavy  rainfall,  and  in  this  country  m  certam 
cases  the  rainfall  channels  are  distinct  from  the  sewers,  and  often  have 
their' outfalls  in  an  entirely  different  direction.  This  arrangement  is  some- 
times called  the  "  separate  system." 

The  separate  system  consists  in  providing  two  separate  cliannels ;  one  to 
carrv  off  the  rain  and  storm  waters,  the  washing  of  streets  and  open  spaces  , 
the  other  to  carry  off  tlie  sewage.  The  former  discliarge  their  contents  into 
the  nearest  river  or  water-course ;  the  latter  will  convey  the  sewage  to  be 
treated  by  some  one  of  the  methods  described  subsequently.  The  advantages 
claimed  for  this  method  are  that  smaller  sewers  are  required,  and  that  the 
amount  of  sewer-water  is  less,  richer  in  quality  and  more  regular  m  flow ,  no 
"waters  enter  the  sewers  to  flood  the  lower  districts  of  a  town,  and 
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no  road  detritus  is  Avashed  into  the  sewers.  The  disadvantages  are  that 
separate  channels  have  to  be  provided,  and  rain-water  Avashes  away  much 
that  would  pollute  a  stream ;  the  scouring  effect  of  rain  on  servers  is  also 
lost,  but  this  is  a  doubtful  advantage.  The  adoption  of  the  separate  system 
must  depend  on  local  circumstances.  This  methed  will  be  considered 
further  subsequently. 

Whether  the  solid  excreta  are  allowed  to  pass  in  or  not,  it  is  clear  that 
the  dirty  water  of  the  sewers  must  in  some  way  be  disposed  of.    It  is  in 
every  case  more  or  less  impure,  containing  animal  and  vegetable  substances 
:n  a  state  of  commencing  decay,  which  pass  readily  into  putrefaction. 
The  readiest  mode  of  getting  rid  of  it  is  to  pass  it  into  streams,  where  it  is 
at  once  subjected  to  the  influence  of  a  large  body  of  water,  and  where  the 
<oUd  matters  become  either  slowly  oxidised,  or  form  food  for  fishes  or  water 
plants,  or  subside.     Although  from  an  early  period  streams  were  thus 
J  contaminated  and  their  water,  originally  pure,  was  thus  rendered  unfit  for 
luse,  it  is  only  lately  that  a  strong  opposition  has  arisen  to  the  discharge 
'into  streams.    This  is  owing  partly  to  the  greater  pollution  and  nuisance 
•caused  by  the  more  common  use  of  water-closets  and  the  largely  increasing 
trade  of  the  country,  which  causes  more  refuse  to  be  sent  in,  and  partly  to 
the  evidence  which  has  been  brought  forward  of  the  diseases  which  are 
caused  by  drinking  water  made  impure  in  this  way.    To  prevent  the 
nnuisance  and  danger  caused  by  the  pollution  of  streams,  many  actions  at 
Idaw  have  been  brought,  and  in  some  cases  special  Acts  of  Parliament  have 
f.forbidden  the  discharge  of  sewer-water  into  certain  rivers  until  after  efficient 
ppurification.    The  Rivers  Pollution  Act  of  1876  now  deals  with  the  question 
lilts  provisions  having  come  into  operation  on  the  15th  August  1877.  This 
JAct  has  been  further  amended  (1893)  so  as  in  future  to  prevent  the  pollu- 
tition  of  any  river.    If  sewage  is  now  conveyed  into  any  stream,  after  pass- 
timg  through  a  sewer  vested  in  a  sanitary  authority,  no  matter  when  the 
seewer  was  constructed,  it  is  an  offence  for  the  sanitary  authority  to  continue 
tito  allow  its  passage  into  the  stream. 

.1.1, •  ^i'-T  \^  ""^"^  probably  a  general  agreement  as  to  the  principle  on  which 
athis  difficult  question  should  be  dealt  with.  Animal  substances  in  a  state 
-3:ot  decay  can  be  best  prevented  from  contaminating  the  air,  the  soil  or  the 
iwater  of  streams  by  imitating  the  operations  of  nature.  In  the 'endless 
\;cycle  of  physical  change,  decaying  animal  matters  are  the  natural  food  of 
)<plants,  and  plants  again  form  the  food  of  animals. 

It  so  happens  that,  with  the  exception  of  'some  mineral  trades,  the 
_waste  products  of  which  are  hurtful  to  agriculture,  many  of  the  substances 
contained  m  the  sewage  of  our  towns  are  adapted  for  the  food  of  plants  and 
rwe  seem  to  be  on  sure  ground  when  we  decide  that  it  must  be  correct  to 
submit  these  matters  to  the  action  of  plant  life,  and  thus  to  convert  them 
^a■om  dangerous  impurities  into  wholesome  food. 

The  difficulty  is,  however,  with  the  application  of  the  principle,  and  at 
Khe  present  moment  there  is  the  utmost  diversity  of  opinion  on  this  point 
llrT^'l  ^^'^^  divide  the  opinions  into  two  classes.  Ac- 

r-^S, ^  ?        ''P'"'""'         P™P^^  "^""^^  is  *o  bring  the  waste  water  of 
jwns,  when  it  contains  fertilising  matters,  at  once  to  the  ground,  and  after 

SiS  it^I?  ^'i  best  adapted  to  free  it  from  its  impurities  and  to 

The  -^^        '^ffi^^^^^tly  under  the  influence  of  gi-owing  plants. 

^■^hBt^Llf'Z'^TT  V^'''  grounds,-first,  that  the 

brought  to  the  ground  in  the  most  convenient>'form  for 
l»gnculture.  and  also  that  the  plan  entails  evils  of  its  own,  arising  from  the 
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immense  quantity  of  water  brought  upon  the  land,  and  from  the  difficulty 
of  efficient  management.  The  advocates  of  this  second  view  would,  there- 
fore, use  some  plan  of  separating  the  impurities  from  the  water,  and  would 
then  apply  them  in  a  solid  form  to  the  land,  or  use  them  for  some  other 
purpose,  as  in  General  Scott's  plan  of  adding  the  materials  for  cement  and 
then  making  this  substance.  The  purified  water  would  then  be  filtered 
through  land,  or  passed  into  streams,  without  further  treatment. 

In  the  case  of  the  sewage  containing  materials  not  adapted  for  agriculture, 
both  parties  would  deal  with  it  in  the  same  way,  viz.,  purify  it  by  chemical 
agencies  or  filtration,  and  then  allow  the  water  to  flow  ofT  into  streams, 
Avhile  the  solid  products  would  be  disposed  of  in  the  most  convenient  way._ 

These  general  views  apply  to  any  sewer  Avater,  Avhether  it  contains  solid 
excreta  or  not,  although  if  these  excreta  can  be  perfectly  excluded  the  sewer 
water  is  less  offensive,  though  not  much  so,  when  the  volume  of  Avater  is 
large.  It  has  hitherto  been  often  poured  into  streams  Avithout  previous  puri- 
fication, but  now  this  practice,  Avith  certain  reservations,  is  prohibited  by  laAv. 

In  any  system  for  the  removal  of  excreta  by  water,  it  is  obvious  that 
certain  conditions  of  success  must  be  present,  Avithout  which  this  plan,  so 
good  in  principle,  may  utterly  fail.  These  conditions  are,  that  there  shall 
be  a  good  supply  of  water,  good  scAvers,  ventilation,  a  proper  outfall,  and 
means  of  disposing  of  the  sewage.  If  these  conditions  cannot  be  imited, 
we  ought  not  to  disguise  the  fact  that  sewers,  improperly  arranged,  may 
give  rfse  to  no  inconsiderable  dangers.  They  are  underground  tubes,  con- 
necting houses,  and  allowing  possibly,  not  merely  accumulation  of  excreta, 
but  a  ready  transference  of  gases  and  organic  molecules  from  house  to  house, 
and  occasionaUy  also  causing,  by  bursting,  contamination  of  the  ground, 
and  poUution  of  the  water-supply.  And  all  these  dangers  are  the  greater 
from  being  concealed.  It  is  probably  correct,  as  has  been  pomted  out,  that 
in  deep-lafd  sewers  the  pressure  inwards  of  the  Avater  of  the  surroundmg 
soil  is  so  great  as  frequently  to  cause  an  overflow  into  the  scAver,  and  so 
prevent  the  exit  of  the  contents  ;  but,  in  other  cases,  the  damage  to  the 
sewer  may  be  too  great  to  be  neutralised  in  this  way,  and,  in  the  instance  of 
superficially  laid  and  choked-up  pipes,  the  pressure  outwards  of  the  contents 
must  be  considerable.  These  defects  of  sewers  are  now  obviated,  by  using 
good  material,  having  better  construction,  good  ventilation,  sufficient  water- 
supply,  and  adequate  means  of  scAvage  disposal. 

Enc^ineers  are  by  no  means  agreed  as  to  the  quantity  of  water  required 
for  preventing  deposits  in  sewers  intended  for  the  removal  of  excreta. 
Twenty-five  gallons  per  head  per  diem,  on  the  authority  of  Brunei,  is  the 
amount  required  to  keep  common  sewers  clear,  and  even  with  this  amoimt 
there  should  be  some  additional  quantity  for  flushing.  But  m  some  cases  a 
.rood  fall  and  well-laid  sewers  may  require  less,  and  m  other  cases  baa 
^adients  or  curves  or  workmanship  may  require  more.  It  is  a  question 
Avhether  rain-water  should  be  allowed  to  pass  into_ sewers;  it  washes  the 
sewers  thoroughly  sometimes,  but  it  also  carries  dto  and  gravel  from  he 
roads  which  may  clog ;  while  in  other  cases  storm  waters  may  burst  the 
ewer^,  or  ^  back°the  sewage.  To  obviate  this,  storm  overflows  havB 
to  be  provided  ;  of  these  there  are  about  fifty  withm  the  metropohtan  aiea. 
which  relieve  the  low-level  sewers  on  both  sides  of  the  Thames. 

Main  Sewers.— House  drains  end  in  a  channel  or  sewer  wlucli  u 
common  to  several  drains  and  is  of  larger  size     These  sewers,  up   o  1» 
nches  in  diameter,  are  generally  made  of  well  glazed  earthenware  p  pes 
for  larcrer.  sewers  well-burnt  impervious  brick  is  used,  moulded  in  piopa 
shape,  "and  set  in  Portland  cement  or  concrete. 
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The  surface  should  be  rendered  in  pure  Portland  cement  to  a  perfectly 
smooth  face,  and  m  case  of  brick  culverts  the  rendering  should  be  carried 
up  to  at_  least  one-half  their  depth.  Engineers  take  the  greatest  care  with 
these  brick  seivers;  they  are  most  solidly  put  together  in  aH  parts,  and  are 
bedded  on  a  firm  unyielding  bed.  Much  discussion  has  taken  place  as  to 
tJieir  size,  but  the  question  is  so  complicated  by 
the  admission  of  rain-water,  that  it  is  difficult 
to  lay  down  any  fixed  rule,  at  least  as  regards 
the  main  channels.  All  other  sewers,  however, 
should  be  small,  and  with  such  a  fall  as  to  be 
self-cleansing. 

The  shape  now  almost  universally  given, 
except  in  the  largest  outfaU  part,  is  that  of  an 
egg  with  the  small  end  downwards,  so  that  the 
invert  is  the  narrowest  part  (fig.  93).  The 
object  of  this  is  to  secure  the  maximum  scour- 
ing effect  with  a  small  quantity  of  water. 
When  the  quantity  of  sewage  is  smaH  the  lesser 
Miameter  of  the  invert  of  the  egg-shaped  sewer 

laffords  a  better  scouring  power  than  the  larger  diameter  of  an  equivalent 
■circular  sewer,  while  the  increased  size  of  the  former  conduit  affords  the 
r-requisite  space  for  an  increasing  outflow.  The  best  form  of  egg-shaped 
•jsewer  is  where  the  horizontal  diameter  is  two-thirds  of  the  verticaT  height 
tithe  radius  describing  the  invert  being  one-fourth  the  horizontal  diameter.' 
iHe  semi-circle  drawn  upon  the  horizontal  diameter  becomes  the  upper  part 
mot  the  sewer,  Avhile  the  segment  drawn  on  the  radius  forms  the  invert 
.r.rJV^^  T  '^^^^^W  sewage  should  have  their  joints  set  in  cement  to 

uZ7f^        '^f  k  ''''^^''''y  '"'^'^^  tarred  gasket  should  be 

^sed  to  prevent  the  cement  entering  the  joint;  each  joint  should  be  care- 

dJto^ir^r  'Tl^t'  '•^^^^^^  ^^^'^  P^^slied 

ibbstruof  th.    '  """^T^  ^f''  ^'""Sth  of  pipe  is  laid,  so  as  not  to 

ITZ  r^^nTf  i""'  ™^^tion  m  case  of  stoppage  without  breaking  one 
an  whir. J    "        ?°^^'°^        introduced  a  self-adjusting  joint 

■L.Invl''fi*'^'f-"^^''V'  f^^l^^^'s  patent  air  and  water-tight  joint;  a  luting  of 
S  the^lt'ro         '"^'^-^  "^^^  P^P«  -  P^«-^d  -to  the  socke 

L  socket  Vf/^^^^^^^^  '""^"''K ^^.'^  ^t      ^P^^i^S      the  top  of 

he  cement  tlZ     t  P^P^!^^^^^.^«         ^^J^^t^d.    The  clay  mVv  prevents 
ne  cement  from  entering  the  interior  of  the  pipes. 

■iributarv'l  ^  ^^'^'S^^         as  possible,  with  a  regular  fall ; 

•wer  cu'^.rer  "'.M"'"     "^h*  angles,  but  obliquely  ;  tnd  if  the 

r^^s::ii::Lll^^^^^  ^^-^^  ^Han  ten  times  the 

lut  thr?!!  °^  """"Tf^  sectional  diameter  should  not  join  with  level  inverts 
t^eqi:rTo  ?L  f  ^"^•^  ^^^^^  '  f^^l        the  main  sewer  at 

^sed  fo^r  a  iuncttn       ?T  f'°*^°""^  ^^'^^^ter.    If  a  man-hole  is 

pqmred  curve  n  f).   ^     .  ^^'^"^^       constructed  so  as  to  give  the 

c5cul«HnV%^^  direction  of  the  flow  of  the  current. 
Wn  S  to  ,  °^^*y  °f  I^low  in  Sewers  and  of  their  Discharge. 

3  24  inches  the  f    ?        P"'  '^'^""^^  °'^i«t ;  for  sewers  of  12 

mcbes  the  velocity  should  not  be  less  than  2J  feet  per  second,  and 

2  N 
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for  larger  sewers  2  feet  per  second.  These  velocities  would  require  a  fall  of  : 
from  1  in  140  to  1  in  200  for  pipes  from  6  to  9  inches  in  diameter,  and  of  3 
1  in  400  to  1  in  800  for  pipes  from  12  to  24  in,  diameter,  and  for  larger  : 
servers  1  in  244  to  1  in  784  according  to  size.  The  fall  should  be  equable  f 
without  sudden  changes  in  level.  _ 

In  some  cases  a  fall  is  almost  impossible  to  obtain,  as,  for  instance,  at  ; 
Southport,  in  Lancashire,  where  the  ground  is  nearly  a  dead  level.  The  i 
fall  there  is  about  1  in  5000,  and  never  exceeds  1  in  3000.  In  such  a  case  i 
the  drain  would  have  to  be  cleaned  either  by  locks  or  valves  (flushing-gates)  , 
to  retain  a  portion  of  the  contents  for  a  time,  and  then  set  them  free 
suddenly  in  order  to  flush  the  next  section,  or  by  special  arrangements,  such 
as  Field's  flush- tank,  or  Shone's  ejector. 

To  calculate  the  discharge  from  sewers,  several  formulae  have  been  given, 
of  which  the  following  is  the  most  simple  :— 

V  =  55x(VDx-'iF)- 

V  =  velocity  in  feet  per  minute. 
D  =  ]iydrauUc  mean  depth  in  feet. 
F  =  fall  in  feet  per  mile. 

Then,  if  A  =  section  area  of  current  of  fluid  in  feet,  VA  =  discharge  in 

cubic  feet  per  minute.  -,  ,      ^.i  •„ 

To  use  this  formula,  the  hydraulic  mean  depth  when  the  sewage  is  flow- 
in-   and  the  amount  of  fall  in  feet  per  mile,  must  be  first  ascertained 
The  "hydraulic  mean  depth"  is  the  section  area  of  current  of  fluid  divided 
by  the  wetted  perimeter.    In  circular  pipes  it  is  always  ^th  the  diameter, 
whether  running  full,  half  fuU,  or  otherwise. 

This  may  be  shown  thus :  Let  r  =  the  radius  of  section  :  then  the  peri- 
meter =7r2?-,  and  the  section  of  fluid  (or  area  of  circle)  =  vrr^,  then  ^  =  y' 
i.e.,  ^  the  radius  or  \  the  diameter. 

p,.„„,„7.  _Let  the  sewer  be  12  inches  in  diameter  and  circular  in  ishape  ;  then  the 
hydranlTiau'ktpth  is%  inches  or  0-25  of  a  foot;  let  the  fall  in  feet  per  nn  c  ha 
?3;  then  .^e  have  55  x  V^257Tr6  =  333  feet  P^^ minute  velocrty  ;  ^.^^ 
areL  of  the  pipe  running  full  =  07854  of  a  square  foot,  and  0  7854  x  333-261  cubic  teec 
discharged  per  minute. 

In  e-g-shaped  sewers,  the  hydraulic  mean  depth  varies  with  the  volume 
of  water  flowing  through  them,  but  in  sewers  constructed  on  the  usual  pl^ui, 
lire  the  transverse  diameter  is  f  of  the  vertical,  the  hydraulic  mean  depth 

is  as  follows  .  p^nnincr  full,  transverse  diameter  x  0-2897 

ifull,  „  X  0  2066 

The  "wetted  perimeter"  is  that  part  of  the  cii-cumference  of  the  pipe 
wett^ed  by  afefluiS.    In  an  egg-shaped  sewer  f  ^^^^^^^^^ 

it  equals  the  transverse  diameter  multipbed  by  3-9649,  2  3941  ; 
respectively     The  fall  in  feet  per  mile  is  easily  obtained,  as  the  fall  m  5U 
or  100  or  200  feet  can  be  measured,  and  the  fall  per  mile  calculated  (o280 

t11  mitbe  done  by  dividing  5280  by  the  denominator  oi^^^ 
thus  a  fall  of  1  foot  per  mile  is  1  m  5280,  a  fall  of  1  m  100  =  52  80  leer 

mile  ;  1  in  30  =        =  176  feet  per  mile,  and  so  on. 

^  30 
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The  following  table  taken  from  Wicksteed  shows  the  velocity  in  feet 
per  mile  and  the  gradient  required  for  pipes  of  various  diameters  :_ 

Sewers. 

Diameter.  Velocity  in  feet 

.  .    ,  per  minute. 

4  inches       .       .       .  240 

^     ••  -  220 

220 
220 
210 
180 
180 
180 
180 
180 
180 

•  •       •       •       ^  784 


9 
10 

15 
18 
21 
24 
30 
36 
48 


Gradient 
required, 
in  35 
„  65 
„  87 
M  98 
„  119 
244 
„  294 
343 
„  392 
„  490 
,,  588 
784 


eenJS  ^^'^^^^^  n  equals  the 

bhenlT2tt iTj^i^J^illSih  S^&er*^      ^  ^^^^  -'^-^  <i--ter  is  4  inches, 

Bailey-Denton  has  calculated  the  discharge  from  rli-ffov.  f    •   j  • 
lunnmg  full  at  different  velocities  and  th7fn?l  7.  ^f^^  P^Pes 

eelocities;  these  are  given  in  tt  f ollo'Lg  taUe  P^^'^^^^ 


JDIameter 
0  of  Pipe. 


1  Inches. 


180  ft.  per  minute, 
3  ft.  per  second. 

270  ft.  per  minute, 
4i  ft.  per  second. 

360  ft.  per  minute, 
6  ft.  per  second. 

j   540  ft.  per  minute, 
9  ft.  per  second. 

Fall. 

Gallons 

per 
minute. 

Fall. 

 a  

Gallons 

per 
minute. 

Fall. 

Gallons 

per 
minute. 

Fall. 

Gallons 
per 
1  minute. 

1  in  60 
1  in  92 
1  in  138 
1  in  207  j 

54 
96 
216 
495 

1  in  30-4 
1  in  40-8 
1  in  61-2 
1  in  92 

81 
144 
324 
742-5 

1  in  17-2 
1  in  23-0 
1  in  34-5 
1  in  51-7 

108 
192 
432 
990 

1  in  7-6 
1  in  10-2 
1  in  15-3 
1  in  23-0 

162 
288 
648 
1485 

30  fat  p„  mi„„fc,  „,„  „„t  <Ii,t„rb  okj  with  »„d  ami  slo,,.,. 

60  "  "  move  along  coarse  sand. 

120  "  "  "    fine  gravel,  size  of  peas. 

180  "  "  "    ™'i"i'ed  pebbles  1  inch  diameter 

„    angular  stones  If  inch  diameter" 
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Movement  of  Air  in  Sewers,  and  Ventilation.— It  seems  certain  that  no 
brick  sewer  can  be  made  ari-tight ;  for  on  account  of  tbe  numerous  openings 
into  houses,  or  from  leakage  through  brickwork  or  exit  through  gratnigs 
man-holes,  and  ventilating  shafts,  the  air  _  of  the  tubes  is  in  constant 
^onnectioA  with  the  external  air.    There_  is^  generally  it  is  l^eheved,  a 
cumnt  of  air  with  the  stream  of  water,  if  it  be  rapid.    The  tension  of  air 
in  main  sewers  is  seldom  very  different  from  that  of  the  atmosphere,  or  if 
theTbe  much  difference  equilibrium  is  quickly  restored.    In  twenty-three 
observations  on  the  air  of\  Liverpool  sewer,  it  was  found  by  P-kes  and 
Burdon-Sanderson  that  in  fifteen  cases  the  tension  was  less  in  the  sewer 
tlie  atmosphere  outside  {i.e.,  the  outside  air  had  a  tendency  to  pass 
n)  and  in  eight  cases  the  reverse;  but  on  thfe  average  of  the  whole  there 
wi  a  slight  indraught  into  the  sewer.    In  the  London  sewers,  on  the  other 
hand  Sanderson  noticed  an  excess  of  pressure  m  the  sewers. 

Eeeves  believes  that  temperature  is  an  important  factor  m  influencing 
the  movement  of  air  in  sewers  ;  when  the  temperature  oi  t^^J^^^^^^  and 
that  of  the  outside  air,  is  the  same  or  neaily  so,  f  agnation  foUows 

If  at  anv  time  there  is  a  very  rapid  flow  of  water  into  a  sewer,  as  m 
heavv  raiS  t  e'^.V^^  the  sewer  must  be  displaced  with  great  force,  and 
pSy  m^^^^^^^^^  ^-''^^  W-^^-^-oi  air  m  the  sewers  IS  not 

aZeciably  affected  by  the  rise  of  the  tide  in  the  case  of  seaboard  to^nis 
The  tSe  riLs  slowly,  and  the  air  is  displaced  so  -^-^ly^^^ff'^^l 
through  the  numerous  apertures,  that  no  movement  can  be  detected     1  is 
not  possible,  therefore,  that  it  can  force  water  traps  m  good  order,  .^hen 
there  are  sufficient  ventilating  apertures.  t    ■  t 

On  the  contrary,  the  blowing  off  of  steam,  or  the  discharge  of  air  from 
an  air  pump  (a   in  some  trade  operations),  greatly  heightens  the  pressure 
:Xigh"drfve  air  into  houses.    So  also  the  wind  blowing  on  the  mouth  of 
an  opeS  sewer  must  force  the  air  back  with  gi-eat  fo/^j^- 

It  is  therefore  important  to  protect  the  outfall  mouth  ot  the  server 
against  wiX  means  of  a  flap,  anS  to  prohibit  as  far  as  possible  steam  or 

tl^^  eXTthe  openings  into  1^-es  thus  induce  ^e  tens^n 
of  tie  air  in  main  sewers  it  is  «  to  say  but  ther  can  b  httle  do^ 
that  a  large  effect  is  produced  by  houses  which  thus  act  as  Aentua  g 

When  a  sewer  ends  in  a  cul-de-sao  at  a  high  level,  sewer  gas  wiU  rise  and 
presT^MiVome  force  ;  at  least  -  -  «%t--^ses^the  ope^^^^ 
cul-de-sac  has  been  followed  by  so  strong  ^  "^^^13  f^^^^^      way  in 

had  been  considerable  tension.    It  ^^f^^^  ^^,^8^7  P^^^^^^^ 

necessary  to  provide  means  of  exit  of  foul  and^^*^^^^^^^^^  ^H^^^  i,eed 
not  to  rely  on  accidental  <^l'^^''^S^- ,.^^^L^^^^^^  opening 
in  the  most  constant  connection  with  f^^-.'^^ter  X 

at  every  point  where  they        b^^^^^^^^^^  ^^J;        ,,^3  plai. 

numerous  gratings  which  open  direct }         ,  n    -.i,  „j  '  t^^^ 

simple  andtpparently  riide  as  it  is,  can  be  adopted w^iadvan^^^^^^  ^^^^^^^^ 

the  streets  are  broad;  the  openings  ^-^^.^^^  \  ^^^^^^^^^  too  near  th. 
and  not  near  the  pavement.    But  m  nauow  swlb  , 
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pavement,  the  sewer  gratings  often  become  so  offensive  that  the  inhabitants 
stop  them  up.  In  such  cases  there  must  be  ventilating  shafts  of  as  large  a 
diameter  as  can  be  afforded,  running  up  sufficiently  high  to  safely  discharge 
the  sewer  air.  In  some  of  these  cases  it  may  be  possible  to  connect  the 
sewers  with  factory  chimneys.  The  sewer  should  never  be  connected  with 
the  chimneys  of  dwelling-houses.  It  has  been  suggested  that  pipes  should 
be  carried  up  through  the  street  gas  lamps,  for  the  purpose  of  ventilating 
the  sewers,  so  that  the  sewer  air  would  be  subjected  to  the  gas  flame,  and 
rendered  innocuous,  and  a  constant  current  kept  up. 

In  making  openings  in  sewers  it  seems  useless  to  follow  any  regular  plan 
Ihe  movement  of  the  sewer  air  is  too  irregular  to  allow  us  to  suppose  it  can 
.  ever  be  got  to  move  in  a  single  direction,  though,  speaking  generally,  the 
•  tendency  is  for  the  air  current  to  pass  in  the  reverse  direction  to  the  sewage, 
i  that  IS  from  a  lower  to  a  higher  level,  so  that  the  highest  openings  are  most 
]  hable  to  be  outlets  and  the  lowest  to  be  inlets.  The  openings  should  be 
1  placed  wherever  it  can  conveniently  be  done  Avithout  creating  a  nuisance. 
:  borne  of  these  openings  will  be  inlets,  others  outlets,  but  in  any  case  dilution 
.  of  the  sewage  effluvia  is  sure  to  be  obtained.  Special  care  must  be  taken 
t  to  ventilate  the  dead  ends  or  terminals  of  sewers,  because  otherwise  they 
J  torm  cul-de-sacs  for  the  retention  of  sewer  air. 

Kawlinson  considers  that  every  main  sewer  should  have  one  ventilator 
t  every  100  yards,  or  18  to  a  mile,  and  this  should  be  a  large  effective 
c  opening. 

But  there  may  be  cases  when  special  appliances  must  be  used.  For 
eexample,  m  what  are  called  "sewers  of  deposit,"  as  when  the  outflow  of 
tthe  sewer  water  is  checked  for  several  hours  daily  by  the  tide  or  other 
^causes.  It  may  be  necessary  to  provide  special  shafts,  and  the  indication  for 
rpointl  evidence  of  constant  escape  of  sewer  air  at  particular 

f.fornl'i'oTfl     '^'^Tr-^  "^^^  ^^^'^^"^'^^        expectations  that  were 

t.formed  of  them.    Their  use  is  now  discontinued. 

It  IS  of  importance  that,  to  all  sewers  capable  of  being  entered  by  a  man 

what  ifbe  t  of  access.     Man-holes  ^opening  above  o,' 

vlmt  IS  better,  at  the  side,  should  be  provided  at  such  frequent  inte  val 

■  mnn  bn^  '"^  ^""'^^  ^^^-i  i^«P««ted  at  all  points.  The 

■man-holes  are  sometimes  provided  with  an  iron  shutter  to  prevent  the  sewer 

™tS|d^tbt  ^^^^  --^-'^  ^ 

Objections  to  Sewers.-The  main  objections  are  as  follows  :- 
^enceoAm/Jn  7^^'^^^^^?  '^T'"'^'  connecting  houses,  they  alloro  transfer- 
irncfSm,{rt'b^  "'f  .^c^i^Zace.    The  objection  is  based  on  good  ^vi- 
S'prpn  'V^^^^         ^f  P™P^i-  traps  are  put  down,  such 

o  Son  is  en,?nl   ''^''"'"f        1'^"^       P^°P^^-^y  '^'"'^^  Besides,  the 

-rS  nn  1  T  ^S-''"'"*        ^i^-i  of  sewer,  and  yet  such  uAder- 

riground^conduits  are  indispensable. 

■and^'f  T'"^-  ^^'^  """"^  contammate  the  ground.-This  is  a  great  evil 

ioint  firml?  tt..  «f^l      "^ake  a  good  bed  and  to  connect  the 

minsare  J^ce  neVr'l         ^^^tle  danger  of  leakage,  as  far  as  the  pipe 

pipes,  Wver  ou"i.t  to  T  "^r^^""T'  "^^^ 
ind  befTe  W  .nf   a  •  '  '1?"^^^^  ''"'^  ''^'''^f""^  tested  after  being  laid 
^vater-ttht  eTefi  w^        m,  otherwise  it  is  impossible  to  insure  their  being 
ii^nt,  even  when  everything  is  sound  to  all  appearance. 
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3.  That  the  water-supply  is  constantly  in  danger  of  contamination. — This 
also  is  true,  and  as  long  as  overflow  pipes  from  cisterns  are  carried  into 
sewers,  and  builders  will  not  take  care  to  make  a  complete  separation 
between  water  pipes  and  refuse  pipes,  there  is  a  source  of  danger.  But  this 
is  again  clearly  an  error  in  constructive  detail,  and  is  no  argument  against  a 
proper  arrangement. 

Inspection  of  Sewers. — The  inspection  of  sewers  is  in  many  towns  a 
matter  of  great  difficulty,  on  account  of  the  means  of  access  being  insuffi- 
cient, and  also  because  the  length  of  the  sewers  is  so  great.  Still  inspection 
is  a  necessity,  especially  in  the  old  flat  sewers,  and  should  be  systematically 
carried  out,  and  a  record  kept  of  the  depth  of  water,  the  amount  of  deposit, 
and  of  sewer-slime  on  the  side  or  roof. 

Choking  of  and  deposits  in  sewers  are  due  to  original  bad  construction, 
too  little  fall,  sharp  curves,  sinking  of  floor,  want  of  water,  check  of  flow  by 
tides  ;  all  these  conditions  favour  the  subsidence  of  suspended  matters. 

Well-made  sewers  with  a  good  supply  of  water  are  generally  self-cleans- 
ing, and  quite  free  from  deposit,  but  this  is,  unfortunately,  not  always  the 

case.  •    1  1  -o 

Even  in  so-called  self -cleansing  sewers,  it  has  been  noticed  by  Kawlmson 
that  the  changing  level  of  the  water  in  the  sewers  leaves  a  deposit  on  the 
sides,  which,  being  alternately  wet  and  dry,  soon  putrefies.  In  foul  sewers 
a  quantity  of  sHmy  matter  collects  on  the  crown  of  the  sewers;  it  is 
sometimes  from  2  to  4  inches  in  thickness,  and  is  highly  offensive.  When 
obtained  from  a  Liverpool  sewer  by  Parkes  and  Burdon-Sanderson,  it  was 
found  alkaline  from  ammonia  and  containing  nitrates.  On  microscopic 
examination,  this  Liverpool  sewer-slime  contained  a  large  amount  of  fungoid 
o-rowth  and  Bacteria.    There  were  also  Acari  and  remauis  of  other  animals 

and  ova.  ,  ,     ,  >.^ 

When  deposits  occur,  they  are  either  removed  by  the  sewer-men  or  they 

are  carried  away  by  flushing  of  water. 

riushing  of  Sewers. — This  is  sometimes  done  by  simply  carrying  a  hose 
from  the  nearest  hydrant  into  the  sewer,  or  by  reservoirs,  provided  at 
certain  points,  which  are  suddenly  emptied.  The  sewage  itself  is  also  used 
for  flushing,  being  dammed  up  at  one  point  by  a  flushing  gate,  and  when  a 
sufficient  quantity  has  collected  the  gate  is  opened.  An  automatic  system 
is,  however,  preferable,  such  as  that  carried  out  by  Field's  annular  siphon, 
before  mentioned,  or  by  Shone's  ejector.  ,     n    ^  ■  a 

Almost  all  engineers  attach  great  importance  to  regular  tiuslung,  ana 
practically  the  only  advantage  of  allowing  the  rain  to  enter  the  sewers  is  the 
scouring  effect  of  a  heavy  rainfall  which  is  thus  obtained.  This,  however, 
is  so  irregular  that  it  is  but  a  doubtful  benefit,  mere  there  is  no  deposit, 
foul  gases  are  not  generated.  This  is  shown  in  the  case  of  Bristol,  where 
the  main  aewer  is  neither  ventilated  nor  flushed,  and  is  stated  to  require 
neither  the  one  nor  the  other,  there  being  no  deposit  nor  accumulation  ot 
foul  gas. 

DISPOSAL  OF  SEWACxE. 

The  difficulty  of  the  plan  of  removing  excreta  by  water  really  commences 

X^'difficulty  is  felt  in  the  case  of  tlie  foul  water  flo.nng  from  houses 
and  factories  without  an  admixture  of  excreta  almost  as  much  as  in  sewe 
water  with  excreta.    The  exclusion  of  excreta  from  sewers,  "j/^^  J 
be  done,  would  not  solve  the  problem-would,  indeed,  hardly  lessen  its 
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difficulty.  In  seaboard  to^yns  the  water  may  flow  into  the  sea,  but  in  inland 
towns  it  cannot  be  discharged  into  rivers,  being  now  prohibited  by  law. 
Independent  of  the  contamination  of  the  drinking  water,  sewage  often  kills 
fish,  creates  a  nuisance  which  is  actionable,  and  in  some  cases  silts  up  the 
bed  of  the  stream.  It  requires  in  some  way  to  be  purified  before  dis- 
charge. At  the  present  moment  the  disposal  of  the  sewage  is  the  sanitary 
problem  of  the  day,  and  it  is  impossible  to  be  certain  which  of  the  many 
plans  may  be  finally  adopted.  It  Avill  be  convenient  to  briefly  describ'j 
these  plans. 

Storage  in  T-anks— Cesspits.— The  sewage  runs  into  a  cemented  tank 
with  an  overflow  pipe,  which  sometimes  leads  into  a  second  tank  similarly 
arranged.  The  solids  subside,  and  are  removed  from  time  to  time  j  the 
liquid  is  allowed  to  run  away.  Instead  of  letting  the  liquid  run  into  a 
ditch  or  stream,  it  has  been  suggested  to  take  it  in  drain  pipes,  ^  to  1  foot 
under  ground,  and  so  let  it  escape  in  this  way  into  the  subsoil,  Avhere  it 
will  be  readily  absorbed  by  the  roots  of  gTasses.  The  fat,  grease,  and 
coarser  solids  should  be  intercepted  in  a  proper  trap,  and  removed  as  found 
necessary.  The  hquid  portions  may  be  discharged  periodically  by  means  of 
an  automatic  flush-tank.  In  a  light  soil  this  coidd  no  doubt  be  readily 
done ;  and  if  the  drain  pipes  are  well  laid,  a  considerable  extent  of  grass 
land  could  be  supplied  by  this  subterranean  irrigation.  The  tank  plan  is, 
however,  only  adapted  for  a  small  scale,  such  as  a  single  house  or  small 
village,  and  there  should  be  ventilation  between  the  tank  and  the  house  in 
all  cases.  This  plan  is  applicable  to  the  disposal  of  slop  waters  in  villages 
even  when  the  excreta  are  dealt  with  by  dry  methods.  ' 
_  This  is  really  a  modification  of  the  old  'cesspit  plan,  Avhich  is  still  in  use 
m  most  rural  districts ;  but  unless  the  cesspit  is  at  a  considerable  distance 
from  any  habitation,  and  far  removed  from  all  sources  of  water-supply  it 
shoidd  be  replaced  by  a  cemented  tank.  In  any  case,  ventilation  and 
(  complete  disconnection  are  absolutely  necessary. 

Discharge  into  the  Sea.— This  method  consists  of  the  direct  discharc^e  of 
1  the  sewage  at  ebb  tide,  so  as  to  carry  out  the  sewage  to  a  distance  from 
t  the  shore,  and  diffuse  it  into  the  sea  before  the  tide  begins  to  flow.  Where 
t  tidal  currents  exist,  the  point  of  discharge  should  be  situated  below  the 
I  place  in  the  direction  of  the  falling  tide  and  not  above  it. 

The  greatest  difficulty  with  such  outfalls  is  at  low  water.  As  the  flow  of 
5  sewage  in  sewers  towards  the  outfall  is  continuous,  the  best  method  is  to 
'  conduct  the  sewage  into  a  tank  or  reservoir,  where  it  can  be  stored,  and 
■  cljscharged  into  the  sea  at  suitable  states  of  the  tide.  This  plan  has  been 
I  adopted  at  Margate. 

Sewage  should  not  be  discharged  into  tidal  estuaries,  as  it  is  never  carried 
■lajy  great  distance  away  from  the  shore,  owing  to  currents  and  the  rise  of 
'  w/ii   ^       '^''''f     ^^^^  frequently  taken  back  and  deposited  near  the 
outtall  or  on  the  foreshore.    This  system  is  only  available  for  a  limited 
number  of  places  situated  near  the  sea  coast,  and  cannot  be  employed  for 
'thedisposalof  sewage  of  inland  towns. 

'  thi,.  if  P™^®^^  consists  in  collecting  the  sewage  in  tanks, 

^.S  n.r'!'°     f  ?f  *°  comparatively  quiescent,  so  that  the 

^tt^    i?  ?  .^^  *°  P^-°^^^^^^  S^^^t^i-  Purification,  the  sewage 

TheL;  f  "^'i  '  IS  mixed  with  some  chemical  agent  or  precipitant, 
.in  the  t  ;  s^^^l^g'  t'-^ke  down  with  them  the  suspended  matters 

woit^rHnT'^f  dissolved  organic  impurities;  the 

Sie  offln  '  f /'^"T^'  ''^"'f  ^^'^^^  of  soli'^^  matters  precipitated, 

effluent  from  the  tanks  tlien  flows  at  once  into  a  river  or  stream,  or 
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may  be  passQtl  over  land,  or  be  filtered  tlirough  it.    A  large  number  of 
methods  have  been  suggested  in  order  to  secure  adequate  precipitation. 

The  Lime  Process. — The  purest  lime  only  should  be  used.  Before  being 
added  to  the  sewage,  it  must  be  reduced  to  the  "  milky "  condition  and 
thoroughly  incorporated  with  the  sewage.  The  quantity  of  hme  required  is 
1  ton  to  each  million  gallons  of  sewage  (15-68  grains  per  gallon),  but  the 
tendency  is  to  reduce  the  quantity  of  lime  to  the  smallest  effective  amount, 
since  an  alkaline  effluent  is  liable  to  undergo  putrefaction.  Lime  _  and 
chloride  of  lime  are  said  to  be  good  precipitants ;  one-third  of  a  grain  of 
chloride  of  lime  per  gallon  prevents  the  growth  of  sewage  fungus;  it  is 
especially  useful  in  hot  weather. 

Lime  and  Sulphate  of  Alumina. — The  quantity  of  lime  added  first  to  the 
sewage  should  be  just  sufficient  to  make  it  slightly  alkaline— probably  from 
5  to  7  grains  per  gallon  Avill  be  required ;  it  should  be  added  in  the  form  of 
milk  of  lime,  and  thoroughly  mixed  with  the  sewage.  A  solution  of  crude 
sulphate  of  alumina  is  then  added  and  the  sewage  again  stirred.  In  the  alka- 
line sewage  the  alumina  will  be  precipitated,  and,  combining  with  the  organic 
matter,  will  form  a  bulky  insoluble  precipitate  Avhich  deposits  in  the 
tanks. 

Lime  and  Proto-Sulpliate  of  Iron.— This,  process  is  used  by  the  London 
County  Council  in  connection  with  the  metropoHtan  sewage.  The 
quantities  recommended  are  3-7  grains  of  lime  in  solution,  and  1  gram  of 
proto-sulphate  of  iron  per  gallon  of  sewage.  This  method  of  precipitation 
is  said  to  be  a  good  one,  and  produces  a  fairly  clean  effluent,  but  the  smell 
often  is  so  disagreeable  that  it  cannot  be  discharged  into  the  river  durmg 
warm  weather  at  aU  states  of  the  tide.  Dibden  used  manganate  of  soda 
and  sulphuric  acid  in  order  to  destroy  any  offensive  odour  after  chemical 
precipitation. 

Lime  and  BlacJc-ash  Waste.— This  is  the  residue  from  the  manufactures 
carried  on  at  alkah  works,  and  is  used  in  conjunction  with  lime.  At 
Wimbledon,  where  this  process  was  tried,  it  was  found  that,  while  the  sludge 
was  cn-eatly  increased  in  quantity,  the  effluent  was  not  appreciably  aff-ected. 

The  ABC  process  (SeUar's  patent)  consists  in  the  addition  of  a 
mixture  of  alum,  charcoal  or  refuse  from  prussiate  works,  and  clay.  Blood 
was  at  one  time  employed,  but  is  not  found  to  be  necessary  and  is  some- 
times omitted.  The  alumina  precipitated  by  the  lime  forms  a  very  biilky 
precipitate,  weU  suited  to  the  entanglement  of  suspended  matters,  ifie 
clearance  of  the  sewage  is  more  perfect  than  with  hme  alone,  but  other- 
wise the  process  and  the  objections  are  the  same,  while  the  cost  is  greater. 
The  whole  of  the  phosphoric  acid  is  precipitated  as  aluminum  phosphate. 
To  a  gallon  of  sewage  water  there  should  be  added  731  grams  of  aluniinum 
sulphate,  3i  grains  of  sulphate  of  zinc,  73^  grains  of  charcoal  and  16^ 
-rains  of  quicklime.  The  manure  from  this  process  is  perceptibly  superior 
to  that  resulting  from  the  lime  process.  The  sludge  is  pressed  m  fil  er 
presses,  and  subsequently  dried  in  steam  cylinders  aiid  sold  as  a  granular 
nianure  containing  about  20  per  cent,  of  moisture.  The  process  is  in  opera- 
tion at  Aylesbury  and  Kingston-on-Thames,  being  carried  on  by  the  Native 

^'''Ter?or!^ne^2d  Polarite  Process.-ln  this  process,  the  introduction  of  the 
precipitating  material  "Ferrozone"  is  followed  by  ^^^^^f^'^^^^^J^' 
Affluent  through  polarite  :  this  latter  material  consists  of  about  50  pei  cent 
of  magnetic  oxide  and  carbide  of  iron  combined  with  sihca,  l^^e 
alumina  in  an  insoluble  form.  Ferrozone  consists  largely  of  proto-sulphate 
of  iron.    The  process  is  now  in  use  at  Acton  and  Hendon. 


DISPOSAL  OF  SLUDGE.  569 


Spencer's  magnetic  carbide  of  iron  lias  also  been  used  as  a  filtering  medium 
:  for  sewage  effluents  and  j'ields  very  similar  results. 

Tlie  Amines  Process. — This  process  consists  in  tlie  employment  of  from  30 
t  to  50  grains  of  lime  per  gallon  of  sewage  and  about  3  grains  of  herring  brine  ; 
•  the  volatile  matters  produced,  composed  of  amines  and  ammonia,  are  passed 
iinto  the  crude  sewage,  which,  it  is  said,  is  completely  sterilised  by  this 
!  means.    It  is  in  use  at  Wimbledon  Sewage  Works  and  Farm. 

Character  of  the  Effluent  Water.— The  effluent  water  from  all  these 
1  processes  is  merely  clarified  sewage;  it  contains  ammonia,  together  with 
ssome  soluble  organic  matter,  as  well  as  phosphoric  acid,  and  it  would  thus 
fi  appear  that  nearly  the  whole  of  the  substances  which  give  fertilising  power 
tto  sewage  remain  in  the  effluent  water. 

When  sewage  is  clarified  by  any  of  these  plans  and  freed  from  suspended 
limatters,  it  is  not  Hkely  to  cause  a  nuisance  if  discharged  into  a  fairly  rapid 
rriver,  if  the  ordinary  volume  of  water  is  considerably  greater  than  the 
effluent.  It  is  now  universally  recognised  that  it  is  unsafe  to  use  any  river 
'or  stream  as  a  source  of  water-supply  which  has  at  any  time  received  sewage 
.lor  sewage  effluent  higher  up  in  its  course.  It  is  even  doubtful  whether 
ssewage  can  be  sufficiently  purified  by  filtration  through  land  or  other  filter- 
mng  media  to  render  the  water  into  which  it  is  discharged  a  safe  source  for 
Idrinking  water. 

Many  analyses  are  given  in  the  First  and  Second  Reports  of  the  Rivers 
IPollution  Commissioners,  from  which  it  appears  that  on  an  average  the 
cchemical  processes  remove  89-8  per  cent,  of  the  suspended  matters,  but  only 
336-6  per  cent,  of  the  organic  nitrogen  dissolved  in  the  liquid.  Crookes' 
;i  analyses  show  that  the  ABC  process,  when  well  carried  out,  removes  all 
tithe  phosphoric  acid.  Yoelcker's  analysis  of  the  effluent  water  treated  by 
tfche  acid  phosphate  of  aluminum  shoAvs  that  it  contains  more  ammonia  than 
tfche  original  sewer  water,  less  organic  nitrogen  by  one-half,  and  less  phos- 
pphoric  acid.  The  clear  fluid  is  weU  adapted  for  market  gardens  ;  the  plants 
^'^own  as  vegetables  for  the  table  are  sometimes  injured  by  irrigation  with 
unijurified  effluent  water. 

Disposal  of  Sludge.— This  is  always  a  great  difficulty.  Efforts  have 
>been  made,  m  connection  with  the  chemical  processes,  to  utilise  the 
•iiludge  as  manure.  The  best  method  of  utilising  the  sludge  is  by  separatin<^ 
wfie  liquid  from  the  solid  matter,  so  as  to  reduce  the  bulk  as  much  as 
Kpossible,  and  this  should  be  done  speedily,  so  as  to  allow  of  no  putre- 
faction. ^ 

_  The  deposit  obtained  from  these  processes  is  sometimes  coHected  and 
lunecl  on  a  hot  floor,  a  stream  of  hot  air  being  allowed  also  to  pass  ovqr 
ut.  ihere  is  some  little  difficulty  in  drying  it,  and  it  is  said  to  be  expensive 
>3oth  m  labour  and  fuel,  and  there  is  a  liability  of  nuisance  through  offensive 
amours.  In  Birmingham  the  sludge,  after  precipitation  with  lime,  is  con- 
"eyecl  by  the  main  conduit  to  the  land  and  disposed  of  by  ordinary 
Trigation.  One  acre  a  week  is  used,  upon  which  500  tons  of  sludge  a  day 
'     r    -ar  cropped  for  three  years  before  being  again  used.  At 

oeyton.  West  Ham  and  elsewhere  the  sludge,  which  contains  90  per  cent 
>  a  water,  is  pressed  in  patent  presses  and  dried  until  it  contains  only  21  per 
aavN?;  ,T  T-  ,  ^^'^  dry-looking  cakes,  which 

■e^rLnL         T  "''''^'^^S  cement,  &c.    At  Southampton, 

iverTv  '"c-f '  ■  P^"'^"Pit''^ting  '-^gent,  the  effluent  is  expelled  into  the 
rSjll  T'^  ^^'^  '^"^^8^  Pi'ocess  is  projected 

m,?^r  ri'"'"'^^  ""'^•^'^         ^'"'^^^  sweepings  and  ashes, 

-tus  mixture  finds  a  sale  at  2s.  6d.  a  ton  among  the  farmers  in  the 
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neighbourhood.  In  general,  tlie  deposit  appears  to  possess  small  agricultural 
value,  although  it  is  occasionally  saleable.  The  price  obtained  rarely  exceeds 
one-third  of  the  theoretical  or  chemical  value.  Thus  the  product  by  Ander- 
son's process  at  Coventry  is  estimated  theoretically  at  16s.  9|d.  per  ton; 
the  practical  value  is  only  5s.  6d.  to  8s.  4d.  The  profit  is  not  large,  and  in 
some  instances  there  has  been  even  a  loss. 

A  new  system,  however,  is  under  construction  in  Southampton. 
Another  method  of  disposal  is  to  burn  the  sludge  in  a  "  destructor."  At 
Ealing,  where  this  practice  is  adopted,  no  difficulty  has  been  found  in  dispos- 
ing of  the  refuse  and  sludge  by  means  of  the  destructor,  the  mass  being 
reduced  to  clinker  one-fourth  the  bulk  of  the  original.  A  special  furnace 
is  found  necessary  to  destroy  the  gases  generated  on  their  passage  from  the 
furnaces  to  the  chimney  shaft. 

Instead  of  using  the  dried  deposit  as  manure,  Scott  proposed  to  make 
cement,  and  for  this  purpose  added  lime  and  clay  to  the  sewer  water.  The 
deposit  contains  so  much  combustible  matter  that  it  requires  less  coal  to 
burn  it  than  would  otherwise  be  the  case.  Scott  also  proposed  to  use  the 
burnt  material  as  manure  to  Uwe  the  land  in  some  cases. 

The  plan  recommended  for  the  treatment  of  the  Thames  sewage,  as  given 
by  the  Royal  Commissioners  on  MetropoHtan  Sewage  Discharge,  was  to 
adopt  some  method  of  precipitation  at  the  outfalls  at  Barking  and  Crossness, 
to  compress  the  sludge  into  cakes,  and  as  a  temporary  measure  let  the 
effluent  pass  into  the  Thames.  The  plan  now  adopted  is  as  follows :  the 
chemical  precipitants  are  added  to  the  sewage  in  covered  reservoirs ;  it  is 
then  transferred  from  the  precipitating  tanks  to  special  settling  tanks,  from 
thence  the  sludge  is  pumped  into  a  specially  designed  steamship  and  dis- 
charged under  water  far  from  land.  The  clarified  effluent  flows  into  the 
Thames.  As  an  alternative  method  the  sludge,  left  in  the  bottom  of  the 
tank  after  precipitation,  may  be  got  rid  of  by  allowing  it  to  flow  in  a  semi- 
solid condition  in  raised  carriers  on  to  land,  and  there  distributed,  bemg 
ultimately  dug  into  and  incorporated  with  the  soil;  or  it  may  be  subjected 
to  hydraulic  pressure,  getting  rid  of  a  large  part  of  the  moisture,  and  made 
into  solid  cakes,  which  are  sold  as  manure. 

The  London  County  Council  are  now  making  experiments  on  the 
filtration  of  sewage  through  coke  (see  page  587). 

Intermittent  downward  filtration  is  defined  by  the  Metropolitan  Sew- 
age Commission  as  "the  concentration  of  sewage  at  short  intervals  on 
an  area  of  speciaUy  chosen  porous  ground,  as  small  as  will  absorb  and  cleanse 
it,  not  excluding  vegetation,  but  making  the  produce  of  secondary  import- 
ance." The  intermittency  of  application  is  a.  sine  qud  non,  even  m  suitably 
constituted  soils,  whenever  complete  success  is  aimed  at. 

The  purification  of  sewage  by  the  soil  is  due  to  (1)  the  soil  acting  as  a 
mechanical  filter,  removing  the  suspended  matters  m  the  sewage,  and  (^)  to 
the  oxidising  power  of  the  soil  by  which  the  organic  matters  are  converted 
into  nitrites,  nitrates,  and  carbonates.  This  oxidising  power  is  partly  due  to 
the  air  contained  in  the  interstices  of  the  soil,  but  chiefly  to  the  presence  ot  a 
nitrifying  ferment  in  the  soil,  and  more  especially  in  rich  surface  soils,  sucn 
as  mould  and  loam.  Nitrification  is  confined  to  the  same  range  of  tempera tui e, 
which  limits  the  vital  activity  of  these  micro-organisms;  it  almost  ceases 
near  the  freezing  point  and  increases  in  activity  with  a  rise  of  temperat  r . 
until  37°  C.  is  reached;  the  action  then  diminishes  and  ceases  altogctie 
at  55°  C.  These  organisms  are  confined  to  the  upper  layers  of  the  soil  an. 
are  most  abundant  in  the  first  six  inches.  Other  conditions  necessary  for  tn^ 
due  performance  of  their  function  are  a  supply  of  air,  and  the  presence 
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la  salifiable  base,  sucli  as  lime,  soda  or  potash,  with  which  the  nitric  acid  as 
:  formed  may  be  combined.    Dyke,  in  explaining  the  system  as  carried  out 
iat  Merthyr-Tydvil,  lays  down  the  following  conditions  as  essential  to  ensure 
-success  :— There  should  he— 1st,  a  porous  soil ;  27id,  an  effluent  drain,  not 
iJess  than  6  feet  from  the  surface;  3rd,  proper  fall  of  land  to  allow  the 
i.sewage  to  spread  over  the  whole  land ;  and,  Ath,  division  of  filtering  area 
into  four  parts,  each  part  to  receive  sewage  for  six  hours,  and  to  have  an 
linterval  of  eighteen  hours.    He  considers  that  an  acre  of  land  would  take 
:  100,000  gallons  per  day,  equal  to  the  sewage  of  3300  people.    At  Merthyr- 
iTydvil  20  acres  of  land  were  divided  into  five  plots,  which  sloped  towards 
■ihe  effluent  drain  by  a  faU  of  1  in  150.    The  whole  of  the  20  acres  thus 
liivided  was  underdrained  at  a  sufficient  depth  to  secure  aeration  6  feet  below 
Ihe  surface.    The  surface  was  ploughed  in  ridges,  on  which  vegetables  were 
^80wn ;  the  sewage  (strained)  passed  from  a  carrier  along  the  raised  margin 
■of  each  bed  into  the  furrows.    The  effluent  Avater  was  stated  to  be  pure 
'snough  to  be  used  for  drinking  purposes.    Since  1872  broad  irrigation  has 
>ieen  carried  on  as  well.    Another  case  of  marked  success  with  intermittent 
nitration  is  that  of  Kendal.    The  best  soil  for  filtration  appears  to  be  a  loose 
unarl,  containing  hydrated  iron  oxide  and  alumina,  but  sand  and  even  chalk 
wroduce  excellent  results.    But  in  order  that  filtration  shall  be  successful  it  is 
laecessary  that  the  amount  of  filtering  material  shall  be  large ;  it  must  not 
:oe  less  than  1  cubic  yard  for  8  gallons  of  sewage  in  twenty-four  hours,  and 
nn  the  case  of  some  soils  must  be  more.    If  the  cbains  are  6  feet  below  the 
nurface  then  an  acre  will  contain  9680  cubic  yards  of  filtering  material,  and 
lat    gallons  per  yard  an  acre  would  suffice  for  77,440  gallons,  or  the  sewage 
'Df  25b0  people  at  30  gaUons  a  head.    These  views  are,  however,  subject  to 
oome  modification,  since  it  has  been  more  recently  shown  that  all  the  oxida- 
laon  IS  earned  out  in  the  first  two,  or  at  the  outside  tliree  feet  of  depth  It 
rTOuld,  therefore,  seem  as  if  we  could  not  greatly  increase  the  amount  of  sew- 
cge  m  proportion  to  the  soil.    Beds  3  feet  in  depth  would  probably  be  found 
iiuHicient,  but  m  this  case  the  superficial  extent  must  be  increased  in  proportion 
^s  tlie  depth  of  the  underdrainage  is  diminished,  in  order  to  secure  the  neces- 
mry  quantity  of  filtering  material  for  purification.    Crops  may  be  grown  on 
She  land,  and  indeed  it  is  desirable  that  they  should  be.    The  Elvers  Pollu- 
aon  Commissioners  state  that  one  acre  is  required  to  purify  the  sewage  of 

mm  ST'  ^n^nTf'^^.  *°  ^  ""''^      '''^''^''^  sewa|e  of 

1  S      °  been  previously  efficiently  precipitated.  The 

.ocal  Government  Board  require  an  acre  for  each  1000  of  population  if 
'oere  be  intermittent  downward  filtration,  and  an  acre  for  each  2000  if  pre- 
cipitation IS  followed  by  land  filtration. 

Condition  of  the  Effluent  Water. ~\Y\xeix  5-6  gallons  of  sewage  were 
Utered  m  twenty-four  hours  through  a  cubic  yard  of  earth,  it  was  found  by 
nm  7oo«  Pollution  Commissioners  that  the  organic  carbon  was  reduced 

)  0-inf    f      ^..^3  "^'g^^^^  ^^it^og^^  2-484  parts 

l.  itL..  .f.  100,000.    The  whole  of  the  sediment  was  removed. 

'  owin^  and  nitrites,  not  present  before  filtration,  are  found  afterwards, 

lowing  oxidation  of  organic  matters.     The  chlorine,  however,  is  un- 

■janoed,  remaining  m  very  much  the  same  proportion  in  the  effluent  as 
•  tan   Th?-  ,  The  effluent  water  is  clear  Ld  bright;   it  generally 

rea^Vot  2  •     "f'''^  of  cleanliness,  and  may  be  allowed  to  j^ass  into 

reams  otherwise  clean  and  unpolluted. 

.rJSn?"7^^i-™^''''''°''.^'  "^l^*^  distribution  of  sewage  over  a 

■owtrof  vLf  ?  .agricultural  ground,  having  in  view  a  maximum 

owth  of  vegetation  (consistently  with  due  purification)  for  the  amount  of 
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sewage  supplied."  It  is  essential  that  the  sewage  should  not  merely  run 
over,  but  through,  the  land,  before  passing  out  as  an  effluent.  For  this 
purpose  it  is  desirable  that  the  sewage  should  be  brought  to  the  land  in  as 
fresh  a  state  as  possible.  The  sewage  is  usually  warmer  than  the  air  at  all 
times,  and  will  often  cause  growth,  even  in  winter. 

The  effect  on  growing  plants,  but  especially  on  Italian  rye-grass,  is  very 
great ;  immense  crops  are  obtained,  although  occasionally  the  grass  is  rank 
and  rather  watery.    For  cereals  and  roots  it  is  also  well  adapted  at  certain 
periods  of  growth,  and,  when  the  viscid  parts  are  separated,  it  is  suitable  for 
market  vegetables.    When  the  sewage  permeates  through  the  soil  there  occur' 
— 1st,  a  mechanical  arrest  of  suspended  matters ;  2nd,  an  oxidation  producing 
nitrification,  both  of  which  results  depend  on  the  porosity  and  physical 
attraction  of  the  soil,  and  on  the  influence  of  micro-organisms;  and,  3rd, 
chemical  interchanges.    The  last  action  is  important  in  agriculture,  and  has 
been  examined  by  Bischof,  Liebig,  Way,  Henneberg,  Warrington,  and 
others.    Hydrated  ferric  oxide  and  alumina  absorb  phosphoric  acid  from  its 
salts,  and  a  highly  basic  compound  of  the  acid  and  metallic  oxide  is  formed. 
They  act  more  powerfully  than  the  silicates  in  this  way.    The  hydrated 
double  sihcates  absorb  bases.    Silicates  of  aluminum  and  calcium  absorb 
ammonium  and  potassium  from  all  the  salts  of  those  bases,  and  a  new  hydrated 
double  silicate  is  formed,  in  which  calcium  is  more  or  less  perfectly  replaced 
by  potassium  or  ammonium.    Humus  also  forms  insoluble  compounds  wth 
these  bases.    Absorption  of  potash  or  ammonia  is  usually  attended  with 
separation  of  lime,  which  then  takes  up  carbonic  acid. 

The  best  kind  of  soil  is  a  friable  loam ;  but  other  soils,  such  as  sand,, 
gravels,  &c.,  when  properly  managed,  are  capable  of  purifying  sewage. 

The  soil  must  be  properly  prepared  for  sewage  irrigation  ;  either  a  gentle 
slope,  or  a  ridge  with  a  gentle  slope  on  each  side,  of  about  30  to  60  feet 
wide,  with  a  conduit  at  the  summit,  or  flat  basins  surrounded  by  ridges,  are 
the  usual  plans.  The  sewage  is  allowed  to  trickle  down  the  slope  at  the 
rate  of  about  8  feet  per  hour,  or  is  let  at  once  into  the  flat  basin.  The 
water  passes  through  the  soil,  and  should  be  carried  off  by  porous  earthen- 
ware underdrains  2  inches  in  diameter,  from  4  to  6  feet  deep,  and  from  20 
to  100  feet  apart,  according  to  the  porosity  of  the  soil,  and  thence  into  the 
nearest  Avater-course.  _        .  . 

The  sewage  should  reach  the  ground  in  as  fresh  a  state  as  possible ;  it  is 
usually  run  through  coarse  strainers  (and  this  is  always  advisable)  to  arrest 
any  large  substances  which  find  their  way  into  the  sewers,  and  to  keep  back 
the  grosser  parts  which  form  a  scum  over  the  land ;  it  is  then  received  into 
tanks,  whence  it  is  carried  to  the  land  by  gravitation,  or  is  pumped  up ;  but 
this  latter  procedure  is  costly.  The  "  carriers  "  of  the  sewer  water  are  either 
simple  trenches  in  the  ground,  or  brick  culverts,  or  concreted  channels,  and 
by  means  of  simple  dams  and  gates  the  water  is  directed  into  one  or  other 
channel  as  may  be  required.  Everything  is  now  made  as  simple  and  inex- 
pensive as  possible— underground  channels  and  jets,  hydrants,  hose  and  jets, 
are  too  expensive,  and  overweight  the  plan  with  unnecessary  outlay. 

The  amount  of  land  required  is,  on  an  average,  1  acre  to  TOO  persons, 
this  is  equal  to  a  square  of  70  yards  to  the  side,  and  will  take  2000  gallons 
in  twenty-four  hours.  Later  experience  seems  to  show  that  with  proper 
management  less  land  is  required.  The  Local  Government  Board  appear  to 
require  an  acre  of  land  for  each  300  of  population  if  broad  """f  ^ 
adopted,  or  an  acre  for  each  1000  if  broad  irrigation  is  coupled  mm 
precipitation.  At  Croydon,  the  sewage  is  applied  in_  t^^e  Fopoi't^o"  " 
about  200  persons  for  each  acre ;  the  soil,  however,  is  rather  retentive, 
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which  causes  the  sewage  to  flow  over  the  surface  of  the  land  rather  than 
:  percolate  through  it,  the  greater  part  of  the  purification  being  accomplished 
by  exposure  to  the  air  and  the  action  of  vegetation.  The  effluent  is  clean 
..  and  free  from  suspended  matter  before  it  passes  into  the  stream.  The 
J  sewage  is  applied  intermittently  when  the  plants  are  growing ;  but  in 
V  winter  it  is  sometimes  used  constantly,  so  as  to  store  up  nourishment  in 
;  the  soil  for  the  plant  growth  in  the  spring. 

In  Paris,  part  of  the  sewage  is  treated  by  irrigation  without  precipitation. 
:  At  Gennevilliers,  20  millions  of  cubic  metres  of  sewage  are  pumped  on  to 
~  specially  prepared  land,  on  which  vegetables,  fruit  trees,  rye-grass,  &c.,  are 
:  grown.    The  sewage  never  touches  the  vegetation  growing  in  the  irrigated 
.  groimd.    It  is  distributed  throughout  the  entire  plain  by  furrows,  and  the 
practice  of  flooding  the  land  is  not  resorted  to.    The  land  is  thoroughly 
imderdrained,  and  the  effluent  issues  in  a  clear  and  bright  stream  in  which 
:fish  are  preserved.    It  is  intended  to  treat  the  whole  of  the  sewage  by  this 
:i  method  as  soon  as  the  necessary  works  can  be  erected  and  sufficient  land 
I  made  available.    The  same  system  is  adopted  at  Berlin.    One  acre  of  land 
suffices  for  the  sewage  of  142  people,  but  the  very  favourable  subsoil  of  the 
Berlin  farms  must  be  taken  into  account,  as  light  land  can  undoubtedly 
receive  more  sewage  than  heavy  land.    In  irrigating  the  plots  the  sludge 
goes  on  to  the  land  with  the  sewage,  except  that  where  grass  plots  are 
sewaged  the  sludge  is  intercepted  in  shallow  catch  pits,  as  the  sludge  is 
found  to  interfere  with  the  growth  of  grass.    When  dry,  it  is  dug  out,  and 
u  finds  a  ready  sale  among  the  farmers. 

Condition  of  the  Effiuent  Water  after  Imgation. — Wlien  the  sewer  water 
passes  over  and  not  through  the  soil,  it  is  often  very  impure,  and  even 
^  suspended  matters  of  comparatively  large  size  (such  as  epithehum)  have 
bbeen  found  in  the  water  of  the  stream  into  which  it  flows.    It  requires, 
therefore,  that  care  shall  be  taken  in  every  sewage  farm  that  the  water 
!  shall  not  escape  too  soon.    Letheby  rated  the  cleansing  power  of  soil  much 
■  lower  than  the  Rivers  Pollution  Commissioners  or  the  Committee  of  the 
British  Association,  and  his  analyses  make  it  at  any  rate  quite  certain  that 
jthe  proper  purification  of  the  sewage  demands  very  careful  preparation  of 
Ithe  ground  in  the  first  instance,  and  constant  care  afterwards.    But  the 
chemical  evidence  of  the  good  efl'ect  of  irrigation  is  too  strong  to  admit  a 
.  doubt  to  exist.    The  following  table  shows  the  standard  of  purity  which 
■was  proposed  by  the  Eivers  Pollution  Commission  :— 

Standard  of  Rivers  Pollution  Commissioners.    Maximum  of  Impurity 
permissible  in  100,000  jjarts  hy  weight  of  the  liquid. 


Dry 
mineral 
matter  in 
suspension. 

Dry 
organic 
matter  in 
suspension. 

In  Solution. 

Colour. 

Organic 
carbon. 

Organic 
nitrogen. 

Any  metal  ex- 
cept Calcium, 
Magnesium, 
Totassium,  or 
Sodium. 

Arsenic. 

Chlo- 
rine. 

Sulphur 
as  SH2,  or 
sulphate. 

3 

1 

Shown  in 
a  stratum 
of  1  inch 
in  a  white 
plate. 

2 

0-3 

2 



0-5 

1 

1 

msi"l'^^''S[''  '^1^'''"^  alkalinity  is  also  ordered  not  to  be  sur- 

Pcissea.    ihe  objection  to  the  plan  is  not  merely  the  doubt  about  the  sub- 
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stances  represented  by  organic  carbon  or  nitrogen,  but  also  because  the 
standard  does  not  take  into  consideration  the  volume  of  water  into  which 
the  foul  water  iiows. 

The  Thames  Conservancy  Commissioners  adopt  a  standard  for  effluent 
sewage  as  follows  : — 

Must  not  exceed  in  70,000  parts.  In  100,000. 

Suspended  matters,  3     parts.  4 '3 

Total  solids,  70       „  100-0 

Organic  carbon,  2       ,,  3-0 

,,      nitrogen,  0-75   ,,  1*1 

The  following  table  gives  the  results  of  analyses  of  the  Berlin  effluents  : — 


Berlin  Effluents. 

Average  Percentage  of  Dissolved  Organic 
Pollution  removed. 

As  expressed  in  parts  of 
Permanganate  of  Potash 
reduced. 

Organic  Ammonia. 

Broad  irrigation  :  grass  plots.  Average 

of  71  samples,  

Filtration  beds.    Average  of  76  samples, 
,,       tanks.      ,,         36  ,, 

93-89 
92-56 
82-60 

98-15 
97-72 
94-83 

These  figures  show  the  great  purity  of  the  Berlin  effluents,  and  prove  the 
satisfactory  results  that  can  be  obtained  from  a  large  and  well-managed 
sewage  farm. 

Sanitary  condition  of  the  Population  living  on  Sewage  Farms. — That 
sewage  farms,  if  too  near  to  houses  and  if  not  carefully  conducted,  may  give 
off  disagreeable  effluvia  is  certain ;  but  it  is  also  clear  that  in  some  farms  this  is 
very  trifling,  and  that  when  the  sewage  gets  on  the  land  it  soon  ceases.  All 
those  who  have  visited  the  farms  bear  testimony  to  the  absence  of  any 
smell  in  the  fields,  and  only  in  one  or  two  places  near  a  sluice-outlet  could 
any  unpleasant  smell  be  perceived  when  the  sluices  were  opened.  As 
regards  health,  it  has  been  alleged  these  farms  may — 1st,  give  ofi"  effluvia 
which  may  produce  enteric  fever,  or  dysentery,  or  some  alhed  affection ;  or, 
2nd,  aid  in  the  spread  of  entozoic  diseases  ;  or,  3rd,  make  ground  swampy 
and  marshy,  and  may  also  poison  wells,  and  thus  affect  health. 

The  evidence  of  Edinburgh,  Croydon,  Aldershot,  Rugby,  Worthing, 
Birmingham,  Paris,  Berlin,  Romford  and  the  Sussex  Lunatic  Asylum,  is  very 
strong  against  any  influence  in  the  production  of  enteric  fever  by  sewage 
farms'  effluvia.  Clouston  records  an  outbreak  of  dysentery  in  the  Cumber- 
land Asylum ;  but  the  disease  in  this  case  appears  to  have  been  caused  by 
the  inefficient  manner  in  which  the  irrigation  Avas  carried  out,  rather  than 
to  the  process  itself.  Sewage  is  still  applied  to  the  grounds  of  this  asylum, 
and  from  1874  to  1887  no  disease  or  nuisance  of  any  kind  was  caused  by 
the  sewage  farm.  Letheby  also  records  an  outbreak  of  enteric  fever  at 
Copley,  when  a  meadow  was  irrigated  with  the  brook  water  containing  the 
sewage  of  Halifax. 

The  statistics  of  the  population  residing  on  the  Berlin  sewage  farms  is 
almost  conclusive  evidence  that  they  do  not  exert  any  influence  in  the 
production  of  disease.  The  average  annual  population  during  the  five  years 
1885-89  was  1580  :  of  these  968  or  61  per  cent,  were  men,  285  or  18  per 
cent,  were  women,  and  327  or  21  per  cent,  were  children  under  fifteen  yeaM 
of  a"e.  The  death-rates  per  1000  from  all  causes  were  11-24  Vpf^' 
9-22  hi  1886,  14-83  in  1887,  6-79  in  1888,  and  only  4-81  in  1889.    Of  the 
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:  total  deaths  16  per  cent,  occurred  among  men,  9  per  cent,  among  women, 
and  75  per  cent,  among  children.    The  death-rate  from  the  seven  principal 
zymotic  diseases  was  4-32  in  1885,  3-69  in  1886,  4-15  in  1887,  1-13  in  1888, 
;  and  nil  in  1889,  the  mean  rate  during  the  period  from  these  causes  being  2-53. 
I  Only  one  death  was  due  to  enteric  fever  during  the  period  under  review. 
E\adence  of  this  kind  is  so  strong  as  to  justify  the  view  that  the 
effluvia  from  a  well-managed  sewage  farm  do  not  produce  enteric  fever 
or  dysentery,  or  any  affection  of  the  kind.    At  Eton,  where  some  cases  of 
enteric  fever  were  attributed  to  the  effluvia,  Buchanan  discovered  that  the 
>  sewer  water  had  been  drunk  ;  this  was  probably  the  cause  of  the  attack. 
With  regard  to  the  second  point,  the  spread  of  entozoic  diseases  by  the 
carriage  of  the  sewage  to  the  laud  ^vas  at  one  time  thought  probable,  thouo-h 
as  solid  excreta  from  towns  have  been  for  some  years  largely  employed  'as 
manure,  it  is  doubtful  whether  the  employment  of  liquid  manure  would  be 
more  dangerous.     The  special  entozoic  diseases  which  it  is  feared  mif^ht 
thus  arise  are  Tapeworms,  Round  worms,  Trichina,  Bilharzia,  and  Distoma 
'•■  hepaticum  in  sheep.    Cobbold's  latest  observations  showed  that  the  embryos 
of  Bilharzia  die  so  rapidly  that,  even  if  it  were  introduced  into  England, 
.'there  would  be  little  danger.    The  Trichina  disease  is  only  known  at  present 
to  be  produced  in  men  by  the  worms  in  the  flesh  of  pigs  which  is  eaten, 
•  and  it  is  at  least  doubtful  whether  pigs  receive  them  from  the  land.  There 
rremain,  then,  only  Tapeioorms  and  Round  worms  for  men  and  Distoma 
hepaticum  for  sheep  to  be  dreaded.   But,  with  regard  to  these,  until  positive 
evidence  is  produced,  this  argument  against  sewage  irrigation  may  be  con- 
-isidered  to  be  unsupported.    It  is  not  improbable  that  alkaline  sewage  may 
;  destroy  organisms,  like  the  ova  of  tapeworms,  whose  natural  habitat  is  the 
yacid  secretion  of  the  human  intestine.     An  epidemic  of  "Enterocolitis," 
;due  apparently  to  the  presence  of  Trichocephalus,  occurred   at  Pierrefeu 
XVar)  amongst  the  patients  of  an  asylum.    Between  Jan.  1888  and  March 
11889  there  were  137  cases  amongst  the  inmates  (more  than  half),  too-ether 
Avith  17  employes.    There  was  no  epidemic  outside  the  asylum,     ft  was 
:attnbuted  to  the  watering  of  the  gardens  with  sewage  water ;  the  use  of  the 
•vegetables  was  stopped,  and  the  illness  ceased. 

The  third  criticism  appears  to  be  true.    Unless  the  system  is  properly 
.carried  out  the  land  may  become  swampy,  and  the  adjacent  wells  polluted 
:and  possibly  disease  may  be  thus  produced.    But  this  is  owing  to  mismanage- 
ment, and  when  a  sewage  farm  is  properly  arranged  it  is  not  damp  and  the 
wells  do  not  suff^er. 


Modifications  of  the  Wet  Method  op  Removing  Excreta. 

The  Separate  System.— By  this  term  is  meant  the  arrangement  which 
.3ames  the  rain-water  m  separate  channels  into  the  most  convenient  water- 
2ourse.  Ward's  celebrated  phrase,  "the  rain  to  the  river,  the  sewage  to 
toe  soil  IS  the  principle  of  this  plan.  Its  advantages  are  that  the  sewers  can 
oe  smaller ;  that  the  amount  of  sewer  water  to  be  dealt  with  at  the  outflow 
s  much  less  in  quantity,  more  regular  inflow,  more  uniform  in  composition, 
SLi    r  ingredients,  and  is,  therefore,  more  easily  and 

"^^IL   "^""''^      1  ''^"'^  ^^^^-'^  «^  ^^^^       not  carried 

paSs  of  theTowii ''''  ^"""'^  ^^'^  ^^'^  ^^'^ 

-n..^^^^'^'^'^7''""'^''°°■'*         ^^^^^  separate  channels  and  pipes  have  to  be 

mdltm  r  ''''  "^'^r  '^^^  liries  W  roof 

ma  trom  streets  much  organic  d(5bris  which  pollutes  streams,  and  that  the 
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scouring  effect  of  the  rain  on  sewers  is  lost,  tliough  this  last  is  a  very 
questionable  objection. 

The  adoption  of  one  or  other  system  will  probably  depend  on  local  condi- 
tions. If  a  town  in  Europe  lies  low,  and  it  is  expensive  to  lift  sewage ; 
if  land  cannot  be  obtained ;  or  if  the  natural  contour  of  the  ground  is  very 
favourable  for  the  flow  of  rain  in  one  direction,  while  it  is  convenient  to 
carry  the  sewage  in  another,  the  separate  system  would  be  the  better.  So 
also  in  the  tropics,  with  a  heavy  rainfall  and  a  long  dry  season,  the  providing 
of  sewers  large  enough  to  carry  off  the  rain  would  be  too  expensive  for  all 
except  the  richest  cities,  and  the  disposal  of  the  storm  water  would  be  difficult. 

In  all  cases  in  which  rain  enters  the  sewers,  some  plan  ought  to  he 
adopted  for  storm  waters.  If  irrigation  is  the  plan  carried  out,  the  sewage 
becomes  so  dilute  and  so  large  in  quantity  in  storms,  that  the  appHcation  to 
land  is  usually  suspended,  and  the  sewage  is  allowed  to  pass  at  once  into 
streams. 

In  this  way  the  evil  which  irrigation  is  intended  to  prevent  is  produced, 
though,  doubtless,  the  sewage  is  highly  dilute.  In  London  the  storm  waters 
mingled  with  sewage  are  allowed  to  flow  into  the  Thames,  special  openings 
being  provided. 

The  Liernur  System.— A  Dutch  engineer.  Captain  Liernur,  j^roposed 
some  years  since  an  entirely  novel  plan.  No  water  or  deodorising  powders 
are  used ;  the  excreta  fall  into  a  straight  earthenware  pipe,  leading  to  a 
smaller  iron  siphon  pipe,  from  which  they  are  extracted  periodically  by 
exhaustion  of  the  air.  The  extracting  force  which  can  be  used  (by  an  air 
pump  worked  by  a  steam  engine)  is  said  to  be  equal  to  a  pressure  of  1500  It) 
per  square  foot,  which  is  sufficient  to  draw  the  excreta  through  the  tubes 
with  great  rapidity.  The  plan  has  been  tried  on  a  small  scale  at  Prague, 
Rotterdam,  Amsterdam,  Leyden,  and  Hanau,  also  at  Britnn,  Olmutz,  and 
St  Petersburg,  and  the  opinions  concerning  it  are  very  various.  It  does  not 
render  sewers  unnecessary;  indeed,  the  system  contemplates  that  every 
house  is  provided  with  two  sets  of  drains — one  for  household  waste  waters 
and  rain-water,  and  the  other  for  the  faecal  matters  from  closets  without 
water-supply,  and  for  bed-room  slops  containing  urine.  The  first  set  of 
pipes  are  connected  with  the  drains  in  the  street  which  receive  rain-water 
and  the  waste  waters  from  factories,  and  which  finally  discharge  their 
contents  into  the  nearest  river  or  water  channel.  The  second  set  of  pipes, 
as  described  above,  are  connected  with  an  iron  reservoir  placed  below  the 
surface  of  the  level  of  the  street,  from  which  the  sewage  is  sucked  into 
reservoirs  outside  the  town,  where  it  is  further  concentrated  by  heat,  and 
dried  in  revolving  cylinders,  whence  it  passes  out  as  a  powder  and  is  sold  for 
manure.  The  system  is  not  a  good  one,  as  the  pipes  get  clogged  sooner  or 
later  with  feecal  matter.  There  is  also  evidence  of  offensive  odours  being 
generated,  either  from  the  street  reservoirs  or  from  the  closets ;  to  prevent 
this,  water  is  used,  which  interferes  with  the  proper  working  of  the 
system.  Later  modifications  have  been  introduced  in  the  treatment  of  the 
sewage  at  the  central  reservoir.  Sulphuric  acid  is  added  to  fix  the  ammonia, 
and  the  sewage  is  jjumped  into  an  apjiaratus  treated  by  steam,  where  the 
liquid  part  is  evaporated  and  a  dry  extract  rich  in  nitrogen,  phosphates, 
potash  salts,  &c.,  is  obtained.  Any  foul  gases  generated  during  the  process 
are  drawn  off  in  separate  pipes  and  burnt  under  the  boilers  ;  the  j^rocess  is 
rapid  and  is  said  to  be  inoffensive  and  effective. 

The  system  has  recently  been  introduced  into  this  country  under  the 
name  of  the  Liernur  Improved  Pneumatic  Sewerage  jNIethod.  It  is  a  modi- 
fication for  adapting  the  water-closets  in  present  use  to  the  system  of  dis- 
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posal  practically  the  same  as  adopted  on  the  Continent.  The  water-closets 
are  connected  with  a  receptacle  or  siphon  tank  m  the  basement  of  the 
huildin^  and  ventilated  in  the  usual  way.  No  water  flush  is  supplied  to 
the  clos°et,  and  the  water  seal  is  maintained  by  the  slops  and  urme  being 
retained  in  the  siphon  bend.  The  system  proposed  simply  results  m  a 
series  of  slop-closets  placed  within  houses,  and  is  certainly  not  one  to  be 

commended.  ....         .  j. 

The  Berlier  System,  a  modification  of  the  preceding,  is  m  use  m  one  ot 
the  districts  of  Paris.  The  principle  is  extraction  by  exhaustion  of  air. 
The  solid  matters  are  separated  by  an  intercepting  wire  basket,  called  a 
receiver,  and  the  liquid  sewage  flows  into  an  air-tight  evaouator,  to  which  an 
exhaust  is  attached,  which  works  automatically,  and  is  therefore  an  improve- 
ment on  the  Liernur  system.  ^ 

Shone's  Ejector  System. — This  is  an  opposite  plan  to  Liernur  s,  the, 
agent  being  compressed  air  instead  of  exhaustion.  The  leading  feature  of 
the  system  is  the  method  of  raising  the  sewage  by  means  of  compressed  air 
at  such  points  as  are  convenient  on  its  course  to  the  outfall.  The  sewage  is 
received  into  "  ejectors,"  and  after  a  certain  quantity  has  entered,  it  is  acted 
upon  by  compressed  air,  and,  by  an  arrangement  of  valves  acting  automati- 
cally, is  forced  either  to  an  outfall  direct,  or  into  a  closed  iron  main.  It 
has  been  applied  at  Wrexham,  at  Eastbourne,  at  Southampton,  the  Houses 
of  Parliament,  and  elsewhere.  It  seems  especially  useful  where  the  ground 
is  flat  and  where  it  is  difiicult  to  get  a  fall.  It  works  automatically,  and 
gives  very  little  trouble. 

Webster's  Process — Electrolysis. — This  process  consists  in  allowing 
ordinary  sewage  to  flow  through  channels  in  which  are  placed  iron  plates 
or  electrodes,  set  longitudinally,  with  the  usual  battery  connections  with 
the  positive  and  negative  terminals  of  a  dynamo.  The  sewage  in  its  passage 
tlirough  these  channels  is  said  to  become  entirely  split  up  by  the  action  of 
the  electric  current  upon  the  chlorides  always  present  in  the  sewage.  At 
the  positive  pole  the  chlorine  and  oxygen  given  off  combine  with  the  iron 
to  form  a  salt  which  is  probably  hypochlorite,  and  at  the  same  time  carbon- 
ate of  iron  is  assumed  to  exist  in  solution,  which  not  only  deodorises  the 
faecal  matter  by  removing  sulphuretted  hydrogen,  but  also  acts  as  a  carrier 
of  oxygen  from  the  air  by  being  alternately  reduced  to  ferrous  and  oxidised 
back  to  ferric  oxide.  The  process,  therefore,  although  an  electrical  one, 
depends  upon  the  production  of  certain  chemical  salts.  The  continuous 
formation  of  the  iron  oxides,  in  their  nascent  state,  and  the  thorough  mixing 
of  them  with  the  sewage,  are  the  special  features  of  the  process.  This 
method  of  treating  sewage  adds  but  little  to  the  sewage  itself,  and  therefore 
limits  the  quantity  of  sludge  to  the  lowest  amount  consistent  with  the 
removal  of  the  suspended  solids  from  the  sewage.  This  system  has  been 
under  trial  at  Crossness  and  Bradford ;  the  sewage  of  the  latter  town  contains 
a  large  proportion  of  manufacturing  refuse,  and  is  considerably  altered  by 
the  admixture  of  dyes,  acids,  alkalies,  organic  matters,  and  grease  from  the 
woollen  manufactories.  The  average  composition  of  the  Bradford  sewage 
before  the  electrical  treatment,  and  of  the  effluent  after  it,  is  as  follows : — 


Total  solids, 
After  ignition,  . 
Loss  on  ignition, 
Chlorine,  . 
Free  ammonia,  . 
Albuminoid  ammonia, 


Sewage  before  the  Emuent  after  the 

Electrical  Treatment.  Electrical  Treatment. 

127  grains  per  gallon.  66  grains  per  gallon. 

69     „        „  47  „ 

58     ,,         ,,  19     ,,  ,, 

10     ,,         ,,  9     ,,  ,, 

32  parts  per  million.  21  parts  per  million. 
15              ,,  5  ,, 

2  0 
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This  analysis  shows  that  something  Hke  70  per  cent,  of  the  putrescible 
and  noxious  portion  of  the  sewage  is  removed  by  electrolysis.  The  micro- 
scopic examination  of  the  sewage  before  treatment  revealed  an  abundance 
of  infusoria,  bacteria  and  low  forms  of  organic  life,  while  in  the  effluent  no 
livin"  organisms  coidd  be  detected.  From  investigations  conducted  in 
Parish  the  micro-organisms  were  reduced  in  number  from  5,000,000  per 
cubic  centimetre  of  raw  sewage  to  600  in  the  effluent. 

Electricity  as  used  in  Webster's  patent  is  an  agent  incapable  of  purifying 
sewao-e  to  such  a  degree  as  to  render  it  fit  to  enter  an  ordinary  stream.  The 
cost,  also,  is  large,  on  account  of  the  immense  quantity  of  iron  employed  and 
the  large  amount  of  tank  room  necessary. 

The  Hermite  Process. — This  method  consists  in  the  electrolysis  of  sea- 
water  and  the  subsequent  flushing  of  the  contents  of  water-closets  with  a 
definite  quantity  of  the  resultant  fluid.  The  Hermite  fluid  is  a  chemically 
active  fluid  prepared  by  electrical  means.  The  sewage  is  never  in  contact 
with  the  current,  as  is  the  case  in  the  Webster  process,  nor  does  the  process 
pretend  to  secure  the  precipitation  of  organic  matters.  It  claims  rather  to 
effect  the  complete  deodorisation  and  sterilisation  of  sewer  contents. 

The  system  is  based  upon  the  electrolysis  of  sea-water.    The  electric 
current  decomposes  the  chloride  of  magnesium,  while  the  chloride  of  sodium 
acts  as  a  conductor.    The  result  is  a  liquid  disinfectant  of  some  power.  It 
is  almost  odourless,  leaves  no  residuum  when  used  for  purposes  of  flushmg, 
and  is  perfectly  inoffensive.    The  solids  in  the  sewage  are  nearly  all  dis- 
solved, and  the  organic  matter  rendered  for  the  most  part  innocuous._  The 
resultant  liquid  is  odourless,  and  does  not  readily  decompose.  Experiments 
at  Worthing  go  to  show  that  this  fluid  deodorises  but  does  not  destroy  or 
remove  organic  matters,  although  there  is  little  doubt  that  certain  of  them 
are  partiaUy  changed  and  most  probably  those  which  are  more  readily 
putrescible.    While  these  things  are  true  and  are  so  far  satisfactory,  there 
must  also  be  certain  drawbacks  in  the  system  which  were  indicated  in  these 
experiments.     Electrolysed  sea-water  is  rapidly  reduced  m  strength  by 
common  newspaper,  and  as  this  is  always  present  in  a  sewer  it  must 
seriously  affect  the  activity  of  the  liquid,  even  if  it  does  not  withdraw  tlie 
active  constituent  entirely.    Soap  or  domestic  waste  has  the  same  ettect,  so 
that  the  entire  contents  of  the  sewer  rapidly  appropriate  the  chlorine 
strength  of  the  liquid.    Again,  if  the  chlorinated  body  be  m  excess  when 
its  action  is  complete,  it  is  not  admissible  to  pour  an  effluent  containing  free 
chlorine  or  its  equivalent  into  rivers.    For  many  purposes  the  use  of  electro- 
Ivsed  sea-water  will  be  of  advantage ;  it  could  be  used,  for  example,  to 
flush  the  heading  of  drain,  and  sewers,  or  it  could  be  discharged  into  sewage 
outfalls     It  is  not  suitable  for  flushing  water-closets,  o^ving  to  the  ad;ion  ot 
chlorine  and  hypo-chlorous  acid  on  metal  fittings.    The  method  would,  how- 
ever aDDear  to  be  an  expensive  one. 

Bacteriological  examination  of  the  effluent  showed  that  although  it  was 
not  absolutely  free  from  micro-organisms,  their  number  ^^'"^f  /'^duced  to 
such  an  extent  that  it  was  practically  sterile;  colonies  of  the  Bacillus 
coli  communis  were  absent,  and  it  is  therefore  probable  that  the  BacMvs 
typhosus  or  the  spirillum  of  cholera  would  be  unable  to  resist  the  action  ot 
the  Hermite  fluid.  A  strength  of  from  0-5  to  0-6  gramme  of  chlorine  per 
litre  is  all  that  is  considered  necessary  to  destroy  these  micro-organisms  by 
this  method  of  sewage  treatment. 
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]\Iethods  Proposed  for  the  Biological  Treatment  of  Sewage. 

The  purification  of  sewage  by  biological  methods  is  of  comparatively 
recent  date.  The  general  belief  was  that  the  breaking  up  of  organic  matter 
was  due  to  the  direct  action  of  oxygen,  a  view  which  was  dismissed  when 
Pasteur  and  Warrington  by  tlieir  experiments  demonstrated  the  fact  that 
the  changes  were  for  the  most  part  due  to  the  life  processes  of  micro- 
organisms. 

The  discoveries,  with  regard  to  fermentation  by  Pasteur  and  to  nitrifica- 
tion in  cultivated  soils  by  Warrington,  had  for  a  time  only  a  general  bearing 
upon  the  question  of  sewage  disposal,  as  no  direct  attempts  were  made  to 
apply  their  discoveries  to  the  purification  of  sewage. 

The  first  practical  attempt  to  deal  with  the  biological  jjrocess  as  a  means 
of  purifying  sewage  was  made  by  Scott-Moncriefi"  in  1891,  but  previous  to  this 
the  State  Board  of  Health  in  Massachusetts  had  made  a  series  of  experi- 
ments on  intermittent  filtration  Avhich  showed  that  the  same  processes  that 
occurred  in  soils  could  be  carried  on  in  filters. 

The  rationale  of  the  biological  process  may  be  conveniently  divided  into 
two  stages: — (1)  the  breaking  down  or  liquefying  of  the  organic  matter ; 
and  (2)  the  nitrifying  or  mineralising  of  the  results  of  the  first  stage.  The 
changes  produced  in  these  stages  are  efi'ected  by  means  of  micro-organisms 
■existing  either  in  the  organic  matter  to  be  treated  or  in  its  surroundings. 

To  classify  these  organisms  broadly,  they  may  be  said  to  consist  of 
*'  anaerobes,"  or  those  which  exist  without  oxygen,  and  "  aerobes,"  or  those 
to  which  oxygen  is  essential.  Both  classes  share  in  the  work  of  breaking 
■down  the  organic  matter,  but  the  latter  alone  are  capable  of  producing 
nitrification  or  final  mineralisation  of  the  organic  matter  liquefied  by  the 
non-nitrifying  organisms. 

The  Scott-MoncriefF  System. — This  consists  of  a  liquefying  or  digesting 
chamber,  which  may  be  described  as  an  open  tank,  filled  with  large  stones, 
through  which  the  sewage,  entering  at  the  bottom  through  a  restricting 
chamber,  passes  upwards  and  onwards  continually,  but  sufficiently  slowly  to 
be  acted  upon  by  the  liquefying 
organisms,  which  form  dense  colonies 
in  the  nidus  formed  by  the  stones, 
and  which  under  the  favourable  con- 
ditions presented  to  them  increase 
in  proportion  to  the  work  required 
of  them.  The  result  is  that  the 
solid  organic  matter  is  Hquetied,  and 
an  effluent  which  is  practically  witli- 
out  solids  in  suspension,  passes  on. 

The  next  stage  was  conceived 
with  a  view  to  place  the  liquid  sewage 
under  such  favourable  conditions  that  Fig.  94, 

the  nitrifying    and    highly  aerobic 

organisms  would  multiply  similarly  to  the  organisms  of  liquefaction  and 
complete  the  process  by  nitrification. 

The  effluent  from  the  liquefying  chamber  is  made  to  flow  through  a 
series  of  channels,  whereby,  in  as  small  a  space  as  possible,  it  could  talce  up 
from  the  air  large  quantities  of  oxygen,  which  are  essential  for  the  support 
of  the  nitrifying  organisms  ;  the  channels  are  filled  with  stones  to  form  a 
nidus  for  the  organisms.    The  later  arrangements,  which  aim  at  a  more 
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complete  aeration  and  consequently  a  more  perfect  nitrification  of  the 
sewage,  consist  of  a  series  of  trays  containing  filtering  media  placed  one 
above  the  other,  and  with  intervening  air  spaces  of  a  few  inches  between 
them.  The  series  is  in  dupHcate,  and  the  sewage  is  dehvered  over  the 
surface  of  the  upper  trays  alternately  by  means  of  a  tippmg  trough,  ihe 
liquid  passes  downwards  through  the  various  trays  m  /^^^^^^  .  f^^^ 
but  heavY  dropping  rain,  meeting  under  the  most  favourable  conditions  of 
aMon  the  oJgLisms  of  nitrificttion,  and  finaUy  passes  away  to  a  stream 

IS^lafsf  installation  on  this  principle  has  been  erected  at  Caterham 
Barracks  ;  so  far,  it  may  be  said  that  the  system  gives  excellent  results. 


Fig.  95. 


Fig,  96. 

thP  nnilvses  of  the  effluents  from  these  filters  proved  that  beyond  the 

actuIui^uS^^^  ^f^^-'^'^-:^^^  KSel 
the  sewage  through  the  tank,  an  element  f  ^^f^^^^^^^^^  ^^ddised 

^r2ri:r::i=!irof« 

channeL"    The  reasons  for  the  --Itiphc^^^^^^^^^^^^  ot  •  (2  b^^^^^^^^^^ 

the  process  of  P-ificati-  ^^^^  ^f,,,^ 

process        ^^^^^"^^^^^^^  ^^'^^  f  f  ''''  f 

supply ;  (3)  no  kind  ot  or^^n  i  assumed  that  each  stage 

ing  but  liquid  se,vagc  h«d  to  be  df 'J-'*-  .  X'^^^,,,  to  them.  The 

i;rno^^dreSr   s  iul  divide 
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continuous  flow  ;  but  the  outlet  of  each  bed  was  closed  in  turn  and  the  bed 
then  filled  up  rapidly.  The  sewage  was  allowed  to  remain  there  for  about 
two  hours,  in  order  that  it  might  be  subject  to  the  action  of  the  nitrifying 
organisms,  and  the  filtrate  was  then  drawn  off",  the  filter  bed  afterwards 
being  allowed  to  remain  empty  for  an  hour  or  two. 

The  residts  obtained  by  this  method  of  treating  sewage  were  very  satis- 
I  factory,  and  gave  an  impetus  to  the  whole  subject,  and  undoubtedly  had  the 
.  efi'ect  of  turning  the  attention  of  those  interested  in  the  matter  to  its  appli- 
.  cation.  The  immediate  result  was  the  trial  of  the  system  in  an  extended 
:  form  at  Sutton  in  Surrey  (hence  the  name  "The  Sutton  System"),  but 

■  with  the  difference  that  no  chemical  precipitation  of  the  solids  was 
;  attempted.  The  sewage  after  being  rouglily  strained  was  run  into  large 
!  grain  filter  beds  in  the  way  above  described,  and  subsequently  into  fine 
J  grain  filters,  in  the  same  way,  as  a  completing  stage,  thereby  complying 

■  with  the  two  distinct  processes  of  hquefaction  and  nitrification. 

Dibdin's  analyses  of  samples  of  sewage,  effluents,  and  filtrates  from  the 
;  Sutton  sewage  works  gave  the  following  results  : — 


In  parts  per  100,000. 

Oxygen 
absorbed 
in  4  hours. 

Free 
Ammonia. 

Albuminoid 
Ammonia. 

Nitrogen  as 

Sus- 

Chlorine. 

Nitrites. 

Nitrates. 

pended 
matters. 

Crude  sewage, 
Tank  effluent, 
Filtrate, 

6-49 
2-39 
0-92 

12-53 
3-00 
0-96 

1-13 
0-47 
0-24 

12-84 
9-91 
9-77 

0-021 
0-236 
0-0S7 

0-000 

0-  730 

1-  526 

85-72 
4-00 
1-03 

After  several  years'  working  at  Sutton  the  fine  grain  beds  were  found  to 
continue  in  operation  without  any  indications  of  a  loss  in  water  capacity. 
But,  in  the  case  of  the  coarse  grain  beds  made  of  coke  or  of  burnt  ballast, 
the  water  capacity  showed  a  constant  diminution  down  to  a  point,  which  in 
some  cases  might  be  as  low  as  12-15  jjer  cent.    In  order  to  obviate  this 
serious  loss  in  capacity,  coarse  grain  beds  should  be  made  of  substances 
which  have  a  smoother  surface  than  coke  or  burnt  ballast.    Coarse  beds  of 
granite  and  slate  keep  an  almost  constant  capacity.    It  is  true  that  the 
organic  matter  in  solution  is  hardly  aff'ected  by  these  beds,  but  all  tlie 
sludge  is  removed,  and  Dibdin's  experiments  have  shown  that  the  effluent 
is  readily  purified  on  a  fine  grain  bed.    "  The  reason  for  this  is  that  the 
smooth  surface  permits  the  attached  matters,  in  an  extremely  fine  state  of 
sub-division,  to  be  carried  away  by  the  effluent  discharging  on  to  the  fine 
bed  which  is  quite  capable  of  dealing  with  them  as  well  as  the  matters  in 
solution."    The  effluent  from  the  sejatic  tank  also  contains  about  fifteen  parts 
per  100,000  of  suspended  matters,  which  are  completely  removed  in  the  filter 
beds.    The  object  of  the  coarse  grain  bed  in  the  Sutton  system  is  to  admit 
the  particles  of  suspended  matter,  contained  in  the  crude  sewage,  into  the 
interior  of  the  bed,  where  they  are  subjected  to  the  action  of  the  anaerobic 
organisms.    If  the  first  bed  were  made  of  fine  material  the  suspended 
matter  wovdd  collect  on  the  surface  and  have  to  be  dealt  with  at  frequent 
intervals,  and  in  this  case  the  problem  of  sludge  disposal  would  again  arise. 
The  size  of  bed  material,  which  Dibdin  has  found  most  suitable,  is  in  the 
case  of  a  coarse  bed,  that  which  will  pass  through  a  2-inch  ring  and  be  all 
rejected  by  a  screen  liaving  a  f-inch  mesh ;  and  for  a  fine  bed,  that  which 
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will  pass  a  screen  of  ^-  or  finch  mesli,  and  be  rejected  by  one  having  a 

mesh  of  -X  of  an  inch.  ,     x     i  ri  ^ 

With  regard  to  the  treatment  of  storm  water  the  Local  Government 
Board  require  that  "  two  volumes  of  storm  water  plus  the  normal  sewage 
must  be  treated  as  sewage  proper,  whilst  an  additional  three  volumes  must 
receive  special  treatment  either  by  a  filter  used  for  that  purpose  only  or  by 
an  area  of  land  also  put  to  no  other  use."    To  meet  these  requirements  the 
beds  in  the  Sutton  method  are  constructed  of  such  a  size  that  they  will 
deal  witli  the  ordinary  flow  by  being  used  once  only  each  day  ;  m  times  of 
storm  they  are  filled  up  to  three  times  daily.    With  regard  to  the  remaining 
three  volumes  Dibdin's  experiments  have  shown  tliat  this  can  be  dealt  with 
by  the  simple  process  of  streaming,  the  beds  being  kept  fuU  of  water  during 
the  process.    The  beds  suffer  comparatively  little  deterioration  during  tins- 
operation  and  the  purifications  of  the  storm  water  is  satisfactorily  effected 
The  Local  Government  Board,  however,  will  not  accept  this  method,  so  that 
a  supplementary  filter  on  land  must  be  provided  in  order  to  meet  the  full 
requirements  of  this  authority.    The  Local  Government  Board  insist  that 
"  if  a  special  storm  filter  is  provided,  it  should  be  of  sufficient^  extent  to 
allow  a  rate  of  filtration  of  500  gallons  per  square  yard  per  diem 

The  Septic  Tank  System.— This  system  was  devised  by  Cameron  ot 
Exeter  in  1896.    It  consists  in  providing  (1)  a  closed  chamber  or  tank, 
throucrh  which  the  sewage  passes  slowly,  and  in  Avhich  the  organic  sohds  are 
brought  into  solution  by  the  action  of  the  Uquefying  organisms  and  (2)  a 
series  of  filters  to  effect  the  nitrification.    The  tank  provided  for  the  sewage 
of  St  Leonards,  a  suburb  of  the  city  of  Exeter,  with  a  population  of  1500,  is 
about  64  feet  long  by  18  feet  in  width.    The  depth  varies  from  7  feet  to  7 
feet  9  inches  below  the  water  level.    The  sewage  is  turned  without  any  pre- 
liminary treatment  into  the  tank,  and  enters  by  two  inlets  winch  je  carried 
down  to  a  depth  of  about  5  feet  below  the  surface.    The  object  of  t^^is  is  to 
avoid  disturbance  of  the  scum  which  forms  on  the  surface  of  the  fluid  in  the 
tink,  and  also  to  prevent  the  passage  of  air  with  t^ie  seA^-age  and  the  reflux 
of  gases  from  the  tank  back  into  the  sewers.    The   ank  ^^s^f  -  co^^ed 
with  a  concrete  arch,  over  which  a  layer  of  soil  is  placed  and  at  the  ndet 
end  there  are  two  grit  chambers,  about  10  feet  deep,  -l-^^--^^^  ^^^^^^^^^^^^ 
detritus  Avhich  comes  down  the  sewers  during  storms     The  flow  thiougli 
thf  ank  is  continuous  and  the  effluent  passes  off  at  the  same  level  as  th^ 
sewage  passes  in,  so  no  fall  is  required.    The  tank  holds  about  one  day  a 
avIracTeC  so  hat  the  sewage  takes  twenty-four  hours  to  pass  t  irough  it 
Tl  there  il  plenty  of  time  for  the  solid  matter  to  settle  to  the  bottom  or 
rTse  tfthe  surface,  according  as  it  is  heavier  or  lighter  than  the  water  m  the 
lank     The  clear  vater,  which  forms  between  the  scum  on  the  surface  and 
he  deport  at   he  bottom  of  the  tank,  passes  out  through  a  cast-iron  pipe 
wl  icl?  r  anld  across  the  whole  width  of  the  tank  about  15  inches  be  ow 
Ihe  ti  ace     In  the  lower  side  of  the  pipe  there  is  ^  <=ontimious  slo  or 
oienrnc;  through  which  the  effluent  passes  off  in  a  thm  sheet  with  the  least 
^SXlfdSrce^f  thecontentsy  the  tank.    Tl- deposit  .0^^^^^^^^^^^ 
on  the  bottom  of  the  tank  consists  of  road  grit,  together  with  the  insolu^^^^^ 
residl^  from  the  decomposition  of  the  --'^gc  solids ;  it  has  the  foH^^^^^^^ 
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by  the  filters,  of  which  there  are  five,  four  of  these  forming  the  working  set. 
Each  filter  is  30  feet  long  by  20  feet  wide,  and  is  filled  to  a  depth  of  4|  feet 
with  crushed  furnace  clinker  resting  on  6  inches  of  coarse  gravel.  In  filter 
No.  3  coke  breeze  takes  the  place  of  the  clinker.  According  to  Dibdin's 
plan,  each  filter  in  turn  is  first  filled,  then,  allowed  to  rest  full  for  a  certain 
time,  then  emptied,  and  finally  left  to  drain  and  aerate.  In  this  way  the 
nitrifying  bacteria  obtain  the  supply  of  oxygen  which  is  absolutely  necessary 
to  enable  them  to  do  their  work.  The  filters  are  filled  and  discharged  auto- 
matically by  means  of  alternating  gear. 

The  filters  in  the  working  set  are  grouped  in  pairs,  and  the  supply  and 
discharge  valves  for  each  pair  are  suspended  from  the  opposite  ends  of  two 
levers  which  are  connected  to  one  shaft.  The  same  shaft  also  carries  a 
couple  of  copper  actuating  buckets  which  furnish  the  motive  power.  As 
soon  as  a  filter  is  full  a  small  quantity  of  the  filtered  effluent  overflows  from 
its  discharge  well  into  one  of  the  actuating  buckets  belonging  to  the  other 
pair  of  filters,  and  so  discharges  the  filter  which  has  been  standing  full,  and 
at  the  same  time  shuts  the  outlet  and  opens  the  inlet  of  the  filter  to  be 
filled,  and  shuts  the  inlet  of  the  filter  which  has  just  fiUed. 

Each  filter  takes  six  hours  to  fill,  remains  full  for  six  hours,  is  emptied 
in  half-an-hour,  and  aerates  for  eleven  and  a  half  hours.  The  filtrate  is 
usually  bright  and  clear  and  does  not  decompose  on  standing. 

Dibdin's  analyses  of  the  Exeter  crude  sewage,  the  tank  effluent,  and  the 
filtrate  from  the  filter  beds  gave  the  following  results  : — 


Grade  sewage, 

Tank  effluent, 

Filtrate,  . 

Purification  on  ) 
crude  sewage  > 
per  cent.,  ) 


Parts  per  100,000. 

Oxygen 
absorbed  in 
4  hours. 

Nitrogen  as 

■d  . 

Dissolved 
Solids. 

Free 
Ammoni 

Albumin( 
Ammoni 

Chlorim 

Nitrites. 

Nitrates. 

SuspenJ 
Materia 

2-897 
2-007 
0-554 

5-397 
3-947 
2-436 

0-303 
0-250 
0-111 

7-1 
7-3 
7-6 

Ml. 
Ml. 
0-361 

Nil. 
Ml. 
0-504 

35-0 
15-4 
Ml. 

42-  7 

43-  8 
63-6 

80-9 

54-9 

63-2 

The  bacteriology  of  the  septic  tank  process  has  been  investigated  by 
Sims  "VVoodliead,  who  found  that  the  crude  sewage  contained  the  largest 
number  of  anaerobic  organisms ;  fluorescing  and  gas-producing  varieties  were 
also  numerous.  In  the  septic  tank  the  number  of  anaerobic  organisms  did 
not  appear  to  increase,  but  the  varieties  which  rapidly  liquefied  gelatine 
were  found  in  greater  numbers  than  in  crude  sewage.  In  the  tank  effluent 
and  the  filtrate  from  the  beds  the  number  of  liquefying  anaerobic  organisms 
•was  found  to  have  fallen  considerably.  As  regards  aerobic  organisms, 
the  liquefying  varieties  were  in  greatest  number  in  the  crude  sewage  and 
tank  contents.  Non-liquefying  organisms  were  also  present  in  greater 
numbers  than  after  the  sewage  had  passed  the  filters.  When  the  outflow 
was  rapid  the  number  of  organisms  was  large,  but  when  the  discharge  was 
going  on  slowly  and  equably  the  number  was  very  small.  The  organisms 
m  the  filter  beds  are  chiefly  aerobic,  but  the  anaerobic  species  which  have 
made  their  way  from  the  septic  tank  are  undoubtedly  present,  ready  to  com- 
mence work  whenever  the  conditions  become  favourable.  Ey  the  periodical 
emptying  and  refilling  of  the  filters  the  products  of  decomposition  which 
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might  interfere  with  the  activity  of  the  aerobic  organisms  are  regularly 
washed  away.  In  the  septic  tank  the  oxidation  of  the  products  of  decom- 
position is  very  incomplete ;  an  analysis  of  the  gas  taken  from  below  the 
surface  of  the  liquid  gave  the  following  results  : — carbon  dioxide  0'6,  marsli 
gas  24-4,  hydrogen  36"4,  and  nitrogen  38-6  per  cent.  A  large  volume  of 
carbon  dioxide,  however,  is  formed  in  the  filter  beds. 

The  analyses  already  given  show  that  the  crude  sewage  treated  in  the 
Exeter  tank  and  beds  Avas  only  about  half  the  strength  of  an  ordinary  toAvn 
sewage,  and  experiments  made  at  Yeovil  with  a  stronger  sewage  did  not 
give  quite  such  satisfactory  results.  As  sewage  is  a  very  variable  quantity 
it  appears  that  the  exact  conditions  for  success  must  be  worked  out  in  a 
more  or  less  experimental  manner  for  each  installation. 

Bacteriological  studies  of  the  filtrate  from  the  filter  beds  have  shown 
little  or  no  alteration  in  the  number  of  B.  coll  Now,  the  presence  of  this 
aerobic  non-spore-forming  bacillus  in  the  filtrate  suggests  the  possibility: of 
other  pathogenic  bacteria  surviving  the  bacterial  treatment.  Consequently, 
keeping  these  results  in  view,  it  cannot  be  considered  right  to  pass  the 
filtrate  from  any  of  the  bacterial  processes  into  a  stream  which  is  likely  to 
be  used  as  a  source  of  supply  for  drinking  water. 

Storm  water  can  be  easily  treated  in  the  septic  tank.  An  overflow  weir 
is  placed  in  the  grit  chambers  and  extends  the  whole  length  of  the  dividing 
wall  between  them.  Its  crest  is  18  inches  above  the  ordinary  working  level 
of  the  sewage  in  the  septic  tanks.  This  has  been  done  at  Barrhead,  and 
with  six  times  the  dry  weather  tiow  passing  through  the  tanks  the  velocity 
will  not  exceed  3f  inches  per  minute,  which  is  quite  powerless  to  disturb 
the  solid  matter  in  the  tanks. 

Thermal  Aerobic  Sewage  Filter  (Whittaker  and  Bryant). — This  is  the 
most  recent  method  of  utilising  bacteria  filter  beds  for  the  purification  of 
sewage.    The  following  advantages  are  claimed  for  the  system:— (a)  "per- 
fectly equable  distribution  of  the  sewage  over  a  given  area  of  filter  surface ; 
(b)  thorough  and  efficient  aeration  of  the  filter  beds  without  resting ;  (c)  the 
filter  bed  is  kept  at  a  temperature  to  ensure  the  fullest  activity  of  the  Imcteria 
and,  consequently,  maximum  purification;  (cZ)  the  continuous  working  of 
the  filter ;  (e)  maximum  quantity  of  sewage  treated  per  square  yard  of  filter ; 
(J)  minimum  amount  of  sludge."    The  purification  of  sewage  is  accomplished 
in  two  stages.    The  first  or  liquefying  stage,  produced  by  the  action  of  the 
anaerobic  bacteria,  is  performed  in  an  ordinary  tank  thi-ough  which  crude 
sewage  is  allowed  to  flow  slowly.    A  "leathery-looking  scum"  which  forms 
on  the  top  of  the  tank  appears  to  afford  the  anaerobic  bacteria  sufficient  pro- 
tection from  the  air.    A  minimum  of  sludge  is  left  in  the  tank,  the  amount 
after  forty  weeks'  continuous  working  being  less  than  that  produced  m  one 
week  when  chemicals  are  used.    The  second  or  nitrifying  stage  is  performed 
in  a  filter  which  has  an  area  of  20  square  yards  and  a  depth  of  9  feet,  ilie 
filter  is  drained  and  aerated  by  a  central  9-inch  pipe  placed  on  the  floor,  witn 
drain  tiles,  set  herring-bone  wise,  running  into  it.    The  layers  of  the  filter 
consist  from  below  upwards  of  about  2  feet  of  broken  stoiies,  6  feet  ot 
ordinary  gas  coke,  and  12  inches  of  limestone  chippmgs.    "Ihe  sewage  is 
distributed  on  the  surface  by  an  automatically  revolving  _  sprinkler,  into  tlie 
delivery  pipe  of  which  is  placed  a  steam  pipe,  a  small  jet  of  steam  bem^ 
blown  into  the  sewage  just  as  it  arrives  at  the  sprinklers,  thereby  raismg 
the  temperature  of  the  sewage  to  the  required  degree,  which  in  passing 
through  the  filter  raises  the  whole  body  of  the  filter  to  the  same  tempera- 
ture, without  any  other  extraneous  method  of  heating  ^'^'^S  f  ^"J't^^J 
The  sewage  being  uniformly  distributed  over  the  surface  trickles  thioufea 
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hhe  filter  equally,  and  passes  out  at  the  drain  thoroughly  purified.  The 
:ieat  not  only  keeps  the  bacteria  at  their  fullest  activity  but  raises  the  tem- 
perature of  the  air  in  the  interstices  of  the  filter,  thereby  causing  it  to  rise 
'  hrough  the  filter  and  fresh  air  to  enter  through  the  drains  so  that  the 
.'ilter  is  self -aerating."  Whittaker  and  Bryant  obtained  the  following 
results  expressed  as  parts  per  100,000 : — 


Oxygen 
absorbed  in 
4  hours. 

Albuminoid 
Ammonia. 

Ciilorine  as 
Clilorides. 

Nitrogen  as 
Nitrates  and 
Nitrites. 

Raw  sewage, 
'  Tank  effluent, 
Filter  effluent,  . 
Final  effluent  (settled), 

9-5 
4-99 
1-81 
1-47 

1-19 
0-562 
0-176 
0-084 

11-00 
10-88 
10-85 
10-85 

Nil. 
Nil. 
2-32 
2-3 

The  expenditure  required  for  plant  and  attendants  is  perhaps  too  great 
dor  small  towns. 

Open  Septic  Tank  with  Double  Filtration. — At  Manchester  very 
'.successful  experiments  have  been  made  with  an  open  septic  tank  and  double 
i  filtration  in  bacterial  filter  beds.    The  results  show  that  sewage  containing 
much  manufacturing  refuse  has  been  satisfactorily  dealt  with  by  bacterial 
contact  beds.    It  Avas  found  that  only  a  definite  amount  of  purification  could 
;,fcake  place  in  a  single  contact,  and,  therefore,  it  is  necessary  to  apply  the 
eleffluent  to  a  second  bed,  in  which,  again,  a  further  definite  amount  of  purifi- 
?£ation  can  be  effected.    In  order  that  a  bacterial  contact  bed  may  exercise 
itits  full  powers  of  purification,  it  is  necessary  (1)  that  it  should  be  allowed 
^sufficiently  frequent  and  prolonged  periods  of  rest,  (2)  that  the  sewage 
iapplied  to  it  should,  as  far  as  possible,  be  free  from  suspended  matters,  and 
(^3)  that  the  sewage  applied  to  it  should  be  of  as  uniform  a  character  as 
[ipossible.    These  conditions  are  secured  by  passing  the  sewage  as  it  arrives 
ivat  the  works  through  an  adequate  system  of  screens,  catch-pits,  and  tanks. 
SSuch  an  arrangement  has  the  advantage  of  leading  to  the  development  of 
aanaerobic  organisms  which  resolve  into  gaseous  and  soluble  products  the 
^organic  suspended  matter  present  in  the  sewage.    This  process  is  found  to 
;.take  place  as  effectively  in  an  open  tank  as  in  a  closed  one.    The  effluent 
tifrom  the  open  septic  tank  is  treated  by  double  contact  on  bacterial  beds. 
EEach  bed  has  a  depth  of  3-33  feet  and  consists  of  clinkers  of  such  a  size  as 
pass  a  IJ-inch  mesh  and  to  be  rejected  by  |-inch  mesh.    Efficient  means 
iimust  be  provided  for  rapidly  filling  and  discharging  the  beds.    The  beds 
sishould  be  so  constructed  as  to  allow  of  each  being  used  independently. 
I  The  pipes  carrying  away  the  filtrate  are  perforated,  glazed,  socketed  pipes, 
>  surrounded  immediately  with  6  inches  of  coarse  clinker,  and  fine  material 
■•is  placed  on  the  top  to  a  depth  of  3  inches.    "With  regard  to  the  amount  of 
^<  sewage  which  can  be  purified  by  a  given  bed  without  the  latter  being  over- 
taxed, experimental  inquiry  has  shown  that  each  bed  may  safely  receive 
■  four  fillings  in  twenty-four  hours,  provided  the  sewage  has  undergone  pre- 
:liminary  subsidence  and  septic  preparation  in  tanks,  and  that  the  bed  is 
f  accorded  about  one  day's  rest  in  every  week.    In  the  event  of  a  bed  having 
'  been  unduly  taxed,  its  efficiency  is  only  temporarily  impaired  and  can  be 
Restored  by  a  few  days'  repose.    The  Manchester  experiments  show  that  the 
bacterial  system  of  treatment  is  efficacious  at  all  seasons  of  the  year, — the 
temperature  of  the  sewage  being  sufficient  both  to  prevent  any  stoppage  of 
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the  beds  by  the  formation  of  ice,  and  also  to  maintain  the  necessary  activity  ) 
of  the  bacteria  even  in  the  coldest  weather. 

The  following  analyses  show  the  average  results  obtained,  expressed  in  i 
parts  per  100,000  :— 


Sewage. 

Oxygen 
absorbed  in 
4  hours. 

Free  and 

Saline 
Ammonia. 

Albuminoid 
Ammonia. 

Chlorine. 

Nitrogen 
as  Nitrites 

and 
Nitrates. 

Effluent  from  open  septic 
tank,  .... 
Filtrate  from  Bed  C, 
Filtrate  from  Bed  D, 

7-3 

2-0 
0-67 

3-06 
1-67 
0-48 

0-32 
0-15 
0-06 

16-4 
1.5-8 
15-4 

0-136 
0-907 

In  every  case  the  effluent  from  the  second  filter  bed  was  found  non- 
putrescible.  Also  a  fairly  constant  average  capacity  was  maintained  in  the 
beds  which  corresponded  to  one-third  of  the  empty  tank  capacity  measured 
to  the  level  of  the  cinders  afterwards  put  in. 

Aerated  Bacterial  Self-acting  Filter  (Ducat's  patent).— In  this  method 
of  disposal  the  sewage,  without  any  preliminary  treatment,  is  rim  on  to  a 
filter  which  is  filled  with  pebbles  of  different  sizes  arranged  from  below 
upwards  as  follows  : — (1)  a  draining  and  aerating  layer  of  3-inch  pebbles  & 
inches  in  thickness ;  (2)  a  layer  of  pebbles,  size  ^  of  an  inch,  for  a  depth 
of  1  foot;  (3)  an  aerating  layer  6  inches  in  thicloiess;  (4)  a  layer  of 
pebbles,  ^  inch  size,  1  foot  in  depth;  (5)  an  aerating  layer  6  inches  m 
thickness;  (6)  a  layer  of  pebbles,  ^  inch  size,  1  foot  in  depth;  (7)  an 
aerating  layer,  6  inches  in  thickness;  (8)  pebbles,  i  inch  size  6  inches, 
deep,  1  inch  size  1  foot  deep,  and  1  inch  size,  1  foot  deep.  By  this- 
arrangement  the  sewage  drips  like  rain  through  the  filtermg  bed,  and. 
access  of  air  is  given  at  the  sides  of  the  bed  by  means  of  inclined  pipes.. 
During  winter  the  air  suppHed  to  the  filter  is  warmed  by  a  furnace  placed 
in  the  centre  of  the  bed,  and  the  side  pipes  are  covered  with  a  wooden 
screen.  About  three-quarters  of  an  hour  after  the  sewage  is  applied  to  a 
ripe  filter  an  effiuent  appears  which  is  bright  and  odourless.  The  filter  is 
able  to  treat  about  a  million  gaUons  to  the  acre  in  twenty-four  hours.  I  he 
following  table  shows  the  results  of  Houston's  analyses  of  the  crude  sewage 
and  effiuent  from  "  Ducat's  aerobic  cultivation  filters  "  : — 

{Results  in  part  per  100,000.) 


Free 
Ammonia. 

Albuminoid 
Ammonia. 

Oxygen  absorbed  from 
Permanganate. 

Oxidised 

One  hour  at 
23°  C. 

Five  hours 
at  23°  C. 

Nitrogen. 

Crude  sewage, 

12-0 

7-6 

29-0 

59-0 

Effluent, 

0-95 

0-08 

0-56 

0-64 

2-28 

Experimental  installations  have  been  placed  at  Hendoii  Sutton. 

The  Purification  of  Sewage  by  Intermittent  Bacterial  Treatment  oi 
Coke-beds.— This  method  has  been  studied  experimentally  for  the  London 
County  Council  by  Clowes  and  Houston.  "  For  the  purposes  of  the  exper^ 
ments  three  brick-lined  tanks  were  specially  provided  ^^ith  suit  bl  ou^ 
lets  and  with  means  of  charging  them  with  raw  sewage  by  means  of  a  pump 
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ad  distributing  troughs.    A  series  of  parallel  loose-jointed  stoneware  drain 
i  ipes  were  laid  on  the  bottom  of  the  tanks  and  were  connected  to  outlets ; 
lais  arrangement  served  to  draw  off  the  effluent."    One  of  the  tanks  (A) 
-as  filled  to  a  depth  of  4  feet  with  coke  of  uniform  size,  each  fragment 
eing  about  as  large  as  a  walnut.    Two  other  tanks  (C,  B)  were  filled  to  a 
;epth  of  6  feet  with  precisely  similar  coke.    Each  coke-bed  was  filled  with 
■iwage  to  the  level  of  the  upper  surface  of  the  coke,  and  the  sewage 
•imained  in  contact  Avith  the  coke  for  three  hours.    After  emptying,  each 
red  was  allowed  to  stand  empty  for  about  eight  hours  in  order  that  the 
lurface  of  the  coke  fragments  might  become  aerated.    The  coke-bed  required 
. )  be  daily  filled  and  emptied  and  aerated  for  about  four  weeks  before  it 
.ras  "  matured."    The  beds  were  not  filled  on  Sundays,  and  twice  a  week 
lae  surface  of  the  coke-bed  was  broken  up  to  a  depth  of  several  inches, 
ii'he  large  size  of  the  pieces  of  coke  used  in  constructing  the  coke-beds 
mabled  the  beds  to  hold  a  much  larger  quantity  of  sewage  than  when  fine 
;iaterial  was  used.    A  single  daily  filling  dealt  with  as  much  sewage  as  the 
ouble  daily  filling  of  an  ordinary  bed.    Also  the  large  size  of  the  coke 
ermitted  the  coke-bed  to  be  deepened  without  losing  the  possibility  of 
iolly  aerating  the  coke.    The  single  coke-bed  A  was  employed  to  see  the 
IffFect  of  subjecting  the  sewage  to  a  single  process  only.    The  beds  C  and  B 
t'ere  used  for  a  double  treatment ;  C  Avas  at  a  higher  level  than  B,  and  the 
[iffluent  from  bed  C  was  allowed  to  flow  by  gravitation  on  to  bed  B.  When 
:iie  single  coke-bed  had  settled  down  to  steady  rate  of  working  the  number 
f  f  daily  fillings  was  increased  to  tAvo,  and  the  depth  of  one  of  the  coke-beds 
/as  increased  from  6  to  13  feet  in  order  to  ascertain  the  possibility  of 
forking  Avith  deeper  coke-beds.    CloAves  and  Houston,  after  ten  months' 
xxperience  of  the  coke-bed  treatment,  arrived  at  the  foUoAving  conclu- 
dous  : — 

(a)  Size  of  Coke. — The  large  size  employed  enabled  the  bed  to  hold  a 
large  volume  of  seAvage.  Also  the  bed  could  be  more  rapidly  filled  and 
umptied  and  more  completely  aerated. 

(b)  Depth  of  Coke. — Coke-beds  of  different  depths  gave  identical  purify- 
ng  effects.  A  bed  13  feet  in  depth  gave  a  purification  equal  to  that 
affected  by  the  4-foot  bed. 

Chemical  Purification  effected  by  a  single  Treatment. — The  coke-beds 
'lemoved  the  Avhole  of  the  suspended  matter  or  sludge  from  the  crude  seAvage. 
iChe  dissolved  oxidisable  and  putrescible  matters  of  the  raAV  scAvage  were 
IJso  removed  to  the  average  extent  of  51  "3  per  cent,  by  the  single  process, 
ihe  4-foot  coke-bed  gave  52'7  and  the  primary  6-foot  coke-bed  49'9  per 
••ient.  The  effluent  produced  remained  free  from  objectionable  odour  Avhen 
t  was  kept  in  open  or  in  closed  vessels,  provided  the  bacteria  present  in  it 
•(Vere  not  killed  or  removed  by  special  subsequent  treatment. 

Permanency  of  Coke-beds. — The  coke  in  use  for  upwards  of  tAvelve  months 
:ihowed  no  general  tendency  to  break  up,  but  the  surface  of  each  piece  of 
;oke  became  partially  covered  with  soft  matter  which  consisted  mainly  of 
me  particles  of  coke  Avith  some  loose  sand,  Avoody  and  vegetable  tissue,  cotton 
iiind  AvooUen  fibres  and  diatoms.    BeloAv  this  thin  film  the  coke  was 
•oerfectly  hard,  and  no  sand  penetrated  two  millimetres  beloAv  the  surface. 
The  capacity  of  the  4-foot  coke-bed  during  the  twelve  months  Avas  reduced 
:rom  50  to  33  per  cent,  of  the  Avhole  volume  of  the  bed.    The  reduction  in 
capacity  appeared  to  be  mainly  due  to  fragments  of  straw  and  chaff  and  to 
'\^ody  fibre.    The  original  capacity  of  the  bed  Avas  not  restored  by  prolonged 
leration.  ^  Attempts  are  noAV  l^eing  made  to  separate  the  vegetable  tissue  by 
'.apid  sedimentation  before  the  seAvage  is  allowed  to  floAv  into  the  coke-bed. 
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Amount  of  Seioage  which  can  he  treated  daily  by  a  Sujoerjicial  Unit  of 
the  Coke-bed. — Tlie  volume  of  sewage  passed  originally  through  the  4-foot  ' 
coke-bed  was  555,000  gallons  per  acre  per  day,  and  through  the  6-foot  coke- 
bed  832,500  gallons  per  acre  per  day.  These  amounts  after  ten  montlis' 
working  Avere  reduced  to  370,000  gallons  per  acre  for  the  4-foot  bed  and 
673,400  gallons  for  the  6-foot  coke-bed.  The  maximum  amount  of  sewage 
which  can  be  successfully  treated  in  a  coke-bed  has  not  yet  been  ascertained. 
It  seems  probable  that  the  13-foot  bed  will  treat  a  volume  of  raw  sewage 
equal  to  3,500,000  gallons  per  acre  per  day. 

Secondary  Treatment— The  primary  6-foot  coke-bed  removed  49-9 
per  cent,  of  dissolved  impurity,  a  second  treatment  produced  an  additional 
purification  of  about  19*3  per  cent.,  giving  for  the  combined  treatment  a 
total  purification  of  about  69 "2  per  cent. 

Bacteriological  Character  of  the  Effluent.— The  results  obtained  showed 
that  coke  treatment  did  not  materially  reduce  the  number  of  bacteria  present 
in  the  crude  sewage.  The  presence  of  the  B.  coli  and  its  varieties  in  the 
effluent  suggested  that  closely  allied  pathogenic  organisms  might  also  pass 
through  the  coke-beds.  Consequently  the  effluent  from  coke-beds  should 
not  be  allowed  to  pass  into  streams  which  are  likely  to  be  used  for  drinking 
purposes. 

The  Influence  of  Sanitary  Works  upon  Public  Health.— Reference  has 
elsewhere  been  made  to  the  possibility  of  sewers  being  the  channels  by  which 
enteric  fever  and  cholera  have  been  propagated  from  house  to  house,  and 
from  which  emanations,  causing  diarrhcBa  and  other  complaints,  may  arise. 
Admitting  the  occasional  occurrence  of  such  cases,  it  remains  to  be  seen 
whether  the  sanitary  advantages  of  sewers  may  not  greatly  counterbalance 
their  defects.    The  difficulty  of  proving  this  point  statistically  consists  m 
the  number  of  other  conditions  affecting  the  health  of  a  town  in  addition  to 
those  of  sewerage.    Buchanan  has,  however,  given  some  valuable  evidence 
on  this  point,  which  has  been  Avell  commented  on  by  Sir  J.  Simon.  He 
inquired  into  the  total  death-rate  from  all  causes,  and  the  death-rate  from 
some  particular  diseases,  in  twenty-five  towns  before  and  after  sanitary 
improvements,  which  consisted  principally  of  better  water-supply,  sewerage, 
and  town  conservancy.    The  general  result  is  to  show  that  these  sanitary 
improvements  have  resulted  in  a  lowering  of  the  death-rate  m  mneteen  out 
of  twenty-five  towns,  the  average  reduction  in.these  mneteen  cases  being  lO'. 
per  cent.    The  reduction  of  enteric  fever  was  extremely  marked,  and  occurrec 
in  twenty-one  towns  out  of  twenty-four,  the  average  reduction  being  45-4 
per  cent  in  the  deaths  from  enteric  fever.    In  nine  towns  the  reduction 
exceeded  50  per  cent.,  being  highest  in  Salisbury,  where  the  former  rate  ot 
0-75  per  1000  was  reduced  to  0-175  per  1000— a  reduction  of  over  i5  per 
cent     In  ten  towns  the  reduction  varied  between  33  and  50  per  cent. ;  m 
two  "there  was  only  a  slight  reduction.    In  three  cases  there  was  aii 
augmentation  of  enteric  fever.    The  reason  of  the  increase  m  these  to^-ns 
(Chelmsford,   Penzance,  and   Worthing)   is   explained   by  the   fact  ot 
insufficient  ventilation  of  the  sewers,  combined  with  backing  up  of  sewage 
in  them,  so  that  sewer  gases  found  their  way  into  the  houses;  these  cases 
afford  excellent  instances  of  the  unfavourable  part  badly-arranged  servers 
may  play  in  this  direction.    In  1869  (the  first  year  m  ^vl"ch  enteric^fever 
is  shown  in  the  Registrar-General's  returns  as  separate  from    fej«|  ) 

death-rate  from  enteric  fever  in  England  ^^^^.^^^^l^V'^^l  li^^-lSe  w^ 
the  population,  and  it  steadily  declined  up  to  1892,  when  he  death"  ^e  j^ 
0-137  per  1000,  showing  a  reduction  of  65  per  cent,  for  tweii  y-foui  jeai.^ 
Since  then  the  mortality  has  slightly  fluctuated  and  averaged  0-172  per  luuu 
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or  the  last  ten  years.  Soyka  has  given  some  interesting  statistics  of  German 
owns  with  regard  to  this  point.  In  Hamburg  the  enteric  deaths  per  1000 
■otal  deaths  have  fallen  from  48-5  to  10-5  ;  in  Dantzig  from  26-6  to  2-3. 
n  Munich  the  enteric  deaths  per  1000  livmg  have  fallen  from  M6 
1871-1880)  and  0-16  (1881-1890),  to  0-056  (1891-1896).    During  this 

•)eriod,  the  population  of  Munich  had  increased  from  170,000  in  1870  to 

331,000  in  1890,  or  nearly  doubled.  The  sudden  lowering  of  the  enteric 
"ever  mortahty  took  place  immediately  after  the  drainage  was  commenced 

;:n  1881  ]  the  new  water-supply  was  not  provided  until  some  years  after. 

:;t  appears  that  the  gradual  reduction  of  enteric  fever  was  due  to  the 

rrradual  purification  of  the  soil ;  and  the  abrupt  termination  of  the  epidemics 
'o  the  sudden  removal  of  all  the  slaughter-houses. 

Diarrhoea  has  also  been  reduced,  but  not  to  such  an  extent ;  arid  in  some 

.  ;owns  it  has  increased  while  enteric  fever  has  simultaneously  diminished. 

".But  the  term  diarrhoea  is  so  loosely  used  in  the  returns  as  to  make  any 

:  deduction  uncertain.  Cholera  epidemics  Buchanan  considers  to  have  been 
rendered  "practically  harmless."    The  immense  significance  of  this  state- 

.ment  will  be  at  once  appreciated.  Wliether  the  result  is  owing  solely  to 
the  sewerage  or  to  the  improved  water-supply,  which  is  generally  obtained 

r.it  the  same  time,  is  not  certain.    Phthisis,  wliich  Buchanan  and  Bowditch 

■■find  to  be  so  much  influenced  by  dampness  of  soil,  does  not  appear  to  have 
been  affected  by  the  removal  of  excreta  per  se, — at  least  towns  such  as 

\  A  In  wick  and  Brynmawr,  which  are  thorouglily  drained,  show  no  lowering  in 

ithe  phthisical  mortality.  In  fifteen  towns  out  of  the  twenty-five  examined 
the  phthisis  death-rate  exhibited  a  very  considerable  reduction.    This  reduc- 

;tion  can  only  be  attributed  to  the  drying  of  the  subsoil  which  followed  on  the 
laying  of  the  main  sewers  in  these  towns.    Where  the  drying  of  the  subsoil 

>  Avas  greatest  and  where  it  was  most  needed,  as  in  Salisbury,  Banbury,  Rugby, 

iiand  Ely,  there  the  mortality  from  phthisis  showed  the  greatest  reduction. 
Buchanan  states  that  croup  and  diphtheria  had  increased  in  aU  the 

■twenty-five  towns  during  or  after  their  sanitary  improvements.  In  many 
cases  it  was  coincident  with  the  introduction  of  the  new  system  and  increased 
after  their  completion.  That  diphtheria  figures  largely  in  the  mortality 
returns  of  towns  can  no  longer  be  denied;  the  explanation  of  its  increase  is 
still  wanting,  but  it  is  evident  that  the  sanitary  improvements  wliich  have 
had  such  a  marked  effect  on  enteric  fever  have  had  hitherto  little  influence 
in  controlling  this  disease. 

As  far  as  can  be  seen,  the  effect  of  good  sewerage  has  therefore  been  to 

^  reduce  the  general  death-rate,  especially  by  the  reduction  of  deaths  from 
enteric  fever  and  from  cholera  (and  in  some  towns  from  diarrhoea),  but 
partly,  in  all  probability,  by  improvement  of  the  general  health.  Their 
action  has  been,  in  fact,  very  much  in  the  direction  we  might  have  anticipated. 

It  may  be  observed  that  this  inquiry  by  Buchanan  does  not  deal  with  the 
question  as  between  sewers  and  efficient  dry  methods  of  removing  excreta 
(on  which  point  we  possess  at  present  no  evidence),  but  between  seAverage 

•  and  the  old  system  of  cesspools, 

Comparison  of  the  Different  Methods. — Much  controversy  has  arisen  on 
this  point,  though  it  does  not  appear  that  the  question  of  the  best  mode  of 
removing  excreta  is  really  a  very  difficult  one.  It  is  simply  one  which 
cannot  be  always  answered  in  the  same  way. 

It  will  probably  be  agreed  by  all  that  no  large  town  can  exist  without 

-  sewers  to  carry  off  the  foul  house-water,  some  urine  and  trade  products,  and 
that  this  sewage  must  be  purified  before  discharge  into  streams.    The  only 

I  question  is,  whether  fsecal  excreta  should  also  pass  into  the  sewers  1 
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It  will  also  be,  no  doubt,  admitted  that  no  argument  ought  to  be  drawn, 
against  sewers  from  imperfection  in  their  construction.  The  advocate  of 
water  removal  of  solid  excreta  can  fairly  claim  that  his  argument  pre- 
supposes that  the  sewers  axe  laid  with  all  the  precision  and  precaution  of 
modern  science;  that  the  houses  are  thoroughly  secured  from  reflux  of 
sewer  air ;  that  the  water-closets  or  water-troughs  are  properly  used ;  and 
that  the  other  conditions  of  suflficient  water-supply  and  power  of  disposal  of 
the  sewage  are  also  present.  If  these  conditions  are  fulfilled,  what  reason 
is  there  for  keeping  out  of  the  sewer  water  (which  must,  under  any  circum- 
stance of  urban  life,  be  foul)  the  solid  excreta,  which,  after  aU,  cannot  add 
very  greatly  to  its  impurity,  and  do  add  something  to  its  agricultural  value 
That  it  is  not  the  solid  excreta  alone  which  cause  the  difficulty  of  the  dis- 
posal of  sewer  water  is  seen  from  the  case  of  Birmingham.  That  town  isi 
sewered ;  when  it  contained  nearly  400,000  inhabitants,  it  Avas  in  the  greatest 
difficulty  how  to  dispose  of  its  sewer  water ;  yet  the  solid  excreta  of  only 
6  per  cent,  of  the  inhabitants  passed  into  the  sewers,  Avhile  the  solid  excreta 
of  the  remainder  were  received  into  middens.  The  problem  of  disposal  Avasf 
as  serious  for  Birmingham  as  if  all  the  excreta  passed  in.  Tliis  difficulty 
has  now  been  overcome,  by  the  use  of  the  lime  precipitating  process  and  the 
passing  of  the  sewage  on  to  land.  An  innocuous  effluent  is  obtained,  and 
the  sewage  of  over  606,000  people  is  dealt  with,  the  excreta  of  the  Avholei 
population  passing  into  the  sewers. 

The  great  difficulty,  in  fact,  consists  not  so  much  in  the  entrance  of  the 
solid  excreta  into  sewers  as  in  the  immense  quantity  of  water  which  has  to 
be  disposed  of  in  the  case  of  very  large  inland  towns  Avith  water-closets 
If  water-closets  are  not  used,  the  amount  of  Avater  supplied  to  toAvns, 
the  amount  of  scAvage,  are  both  considerably  lessened. 

Looking  to  all  the  conditions  of  the  problem,  it  appears  impossible  for  all 
towns  to  have  the  same  plan,  and  the  circumstances  of  each  toAvn  or  AaUagr" 
must  be  considered  in  determining  the  best  method  for  the  removal  o 
excreta.  London  is  particularly  Avell  adapted  for  Avater  sewerage,  on 
account  of  the  conformation  of  the  ground  north  of  the  Thames,  of  th^ 
number  of  streams  (which  have  all  been  converted  into  sewers),  and  of  th 
comparative  faciUty  of  getting  rid  of  its  sewage.  The  same  may  be  said  o 
Liverpool  and  many  other  towns.  _ 

In  towns  where  land  is  available,  the  immediate  apphcation  to  land 
either  by  filtration  or  irrigation,  may  be  evidently  indicated  by  the  conditions 
of  the  case.    But  in  many  toAvns  at  the  present  time  biological  methods  are 
beinc  employed.    AU  the  methods  described  produce  a  good  effluent  which 
is  fit°to  be  passed  into  streams,  provided  that  the  water  from  the  streams  is 
not  likely  to  be  used  for  drinking  purposes.    The  open  septic  tank  and 
double  contact  filters,  as  worked  at  Manchester,  appear  able  to  treat  a  very 
strong  sewage,  and  to  produce  a  remarkably  pure  effluent.    There  may  be 
some  towns,  again,  in  Avhich  the  impossibility  of  getting  Avater  or  land  may 
necessitate  the  employment  of  dry  removal ;  and  this  is  especiaUy  the  casei 
with  small  towns  and  villages,  where  the  expense  of  good  seAvei-s  and  ot  a 
<Tood  sui^ply  of  Avater  is  so  great  as  to  render  it  impossible  to  adopt  remova 
by  water.    It  may,  indeed,  be  said  that,  in  small  towns  in  agncultura 
districts,  the  dry  removal,  if  properly  carried  out,  will  be  the  best  both  tor 
the  inhabitants  and  for  the  land. 

The  view  here  taken  that  no  single  system  can  meet  all  cases,  and  tnai 
the  circumstances  of  every  locality  must  guide  the  decision,  is  not  a  com- 
promise between  opposing  plans,  but  is  simply  the  ^^^'f'"''^^^^^^^^^^ 
forced  on  us  by  the  facts  of  the  case.    It  does  not  invalidate  the  conclusion 
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'  hat,  Avliere  circumstances  are  favourable  for  its  efficient  execution,  the  water- 
liewerage  plan  (with  or  Avithout  interception  of  rainfall)  followed  by 
ii)iological  treatment  is  the  best  for  large  communities. 
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In  its  widest  sense,  the  name  of  parasites  has  been  given  to  all  those 
creatures  which  are  nourished  wholly  or  partially  at  the  expense  of  other 
living  organisms.  As  thus  understood,  parasitic  life  is,  therefore,  an 
exceedingly  widespread  phenomenon,  and  includes  not  only  vegetable  and 
animal  parasites,  but  also  parasites  on  vegetables  and  on  animals.  The 
length  of  parasitic  existence,  and  the  degree  and  nature  of  the  benefit 
winch  the  parasite  thus  obtains,  vary  greatly  with  different  species ;  and 
the  effect  produced  by  the  parasite  upon  its  host  ranges  from  an  almost  im- 
perceptible one  to  complete  destruction.  At  one  extreme  are  certaiii  forms 
which,  while  drawing  the  nourishment  necessary  for  Hfe  from  their  hosts, 
yet  do  so  in  such  fashion  that  both  organisms  continue  to  live  in  intimate 
association,  and  apparently  with  mutual  advantage.  From  these  we  can 
pass,  by  a  series  of  gradations,  to  parasites  of  such  destructive  mfluence 
as  to  cause  widespread  death  to  certain  animal  and  vegetable  forms  of 
life  This  physiological  and  pathological  group  is  closely  related  to  the 
saprophytes,  which  obtain  their  nourisliment  from  the  dead  remams  of 

organisms.  ^^-1^1 

From  the  foregoing  necessarily  abbreviated  statement  we  observe  not  only 
the  enormously  wide  prevalence  of  parasitism— "  the  number  of  parasitic 
individuals,  if  not  indeed  that  of  species,  probably  exceeding  that  of  non^ 
parasitic  forms"— but  its  very  considerable  variety  in  degree  and  detail, 
The  majority  of  parasites,  indeed,  derive  their  mam  support  from  their  host, 
but  of  these  some  are  free,  wandering  about  from  animal  to  animal,  some 
are  attached  permanently  to  the  exterior  of  their  victim,  while  others  again 
are  concealed  within  its  body.  In  some  cases,  the  parasitism  is  only 
*  temporary,  in  others  it  is  a  life-long  habit.  The  majority  are  free  m  their 
Youth  while  some  pass  their  early  life  as  parasites,  becoming  free  m  their 
mature  state,  and  others  again  spend  their  whole  life  on  their  host. 

Some  classification  of  these  various  parasitic  forms  is  necessary.  \  ^ 
Beneden  introduced  the  term  commensals  or  messmates  including  fixed  ana 
free  partners,  as  distinguished  from  true  parasites.  In  tliis  classification 
there  is  no  attempt  to  define  the  degree  of  dependence  or  the  closeness  of 
association,  except  in  the  general  distinction  between  parasites  and  mess 
mates.  Leuckart  distinguishes  parasites  as  ecto-  and  endo-parasites,  and 
divides  the  former  into  temporary  and  permanent.  Endo-parasi  es  he 
divides  according  to  the  nature  and  duration  of  their  strictly  parasitic  life. 
arSome  having  free-living  and  self-supporting  embrj-ps.  which  become 
eiually  mature  either  in  their  freedom,  or  only  after  assuming  the 
ZZitl  habit.  (2)  Others  with  embryos  which,  without  having  a  strictly 
C  1  e/y'  t  %s  through  a  period  of  active  or  Passive  wandering  hvmg 
for  awhi  e  in  an  intermediate  host.    They  may  either  (a)  escape  to  pass 
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tlieir  adult  life  in  freedom,  or  (b)  tliey  may  become  sexual,  or  (c)  they  may 
l  ore  their  way  to  another  part  of  the  body,  or  (d)  most  frequently  they 
pass  to  their  final  host  either  directly  when  their  intermediate  host  is 
devoured  as  food,  or  indirectly  seek  for  themselves  another  intermediate 
liost,  or  produce  asexual  forms  which  do  so.    (3)  Others  again  having  no 
free-living  or  even  migratory  embryonic  stage,  but  passing  through  their  com- 
]ilete  life-cycle  in  one  host.    This  somewhat  detailed  classification  has  at 
ist  the  advantage  of  clearness,  and  of  showing  to  some  extent  the  various 
'j;rees  of  parasitism  :  but  it  is  confined,  like  Beneden's,  entirely  to  animals 
ving  as  parasites  upon  other  animals,  and.  fails  to  include  those  vegetable 
forms  which  inhabit  a  living  organism  and  obtain  nourishment  from  its 
body. 

A  more  physiological  classification  has  been  proposed  by  Kossmann, 
dealing  Avlth  the  organisation  and  habit  of  the  parasite.    Briefly  explained, 
it  consists  of  two  great  classes  :  (1)  vegetative  forms,  or  those  without 
independent  digestive  organs;  and  (2)  those  with  independent  digestive 
systems  which  include,  however,  such  a  variety  of  details,  as  to  make  it 
ahnost  impossible  to  estabhsh  any  logically  accurate  divisions.    Any  strict 
classification  of  such  a  variety  of  organisms  as  the  parasites,  having  only  in 
•(common  the  physiological  correspondence  of  their  mode  of  life,  is  almost 
limpossible,  and  the  most  that  can  be  done  is  to  point  out  the  existence  of  a 
•tseries  of  adaptations  varying  with  the  intimacy  and  constancy  of  the  associa- 
ition,  and  the  degree  of  dependence. 

The  history  of  the  medical  aspects  of  j^arasitism  is  not  extensive. 
AAlthough  from  the  time  of  the  ancient  Arabian  physicians  some  diseases, 
-isuch  as  itch,  have  been  referred  to  parasites,  it  was  not  till  within  the  last 
[.forty  years  that,  with  the  rise  of  experimental  helminthology,  a  scientific 
^conception  of  the  parasitic  theory  of  disease  elaborated  that  systematic  war- 
sfare  against  all  forms  of  parasitism  which  now  occupies  so  important  a  place 
ria  preventive  medicine. 

The  parasites  of  man  cover  a  wide  range  in  the  animal  and  vegetable 
« world,  and  embrace  species  from  such  diverse  organisms  as  the  Schizomy- 
•cetes,  the  Blastomycetes,  the  Hyphomycetes,  the  Protozoa,  the  Insecta,  the 
VArachnida,  the  Suctoria,  the  Nematoda,  the  Cestoda,  and  the  Trematoda. 
•Of  these  the  parasitic  bacteria  or  Schizomycetes  will  not  be  included  in  this 
i«article,  as  their  importance  in  morbid  processes,  and  particularly  in  the 
ninfective  diseases,  is  such  as  to  require  separate  and  very  special  treatment, 
^ome  further  reference  to  them  will  be  found  in  the  chapter  which  discusses 
^tfiie  infective  diseases. 


BLASTOMYCETES,  OR  YEASTS. 

A  familiar  example  of  this  group  is  torula,  which  is  capable  of  producing 
.'alcohol  when  growmg  in  substances  containing  glucose.  By  torula  is  under- 
stood an  oval  micro-organism,  varying  in  size  from  3  to  6  ya,  and  consisting 
"I  a  membrane  and  protoplasmic  contents,  including  often  one  or  two 
vacuoles.  A  characteristic  feature  of  these  organisms  is  that  they  multiply 
hf  1  '^'^"'g  by  fission.    A  very  large  number  of  difi-ereiit  species  of 

wuias  have  been  described,  especially  in  connection  with  alcoholic  fer- 
-mentation.    ihese  organisms  are  of  interest  to  the  hygienist  in  two  ways  • 

t)y  their  constantly  being  present  in  the  air,  soil,  and  water  :  and  (2)  bv 
Srini'nfants^''  connected  with  a  well-defined  disease  known  as 

2  p 
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Oidium  albicans,  or  the  active  cause  of  thrush,  is  a  torula  morphologi- 
cally identical  Avith  the  species  connected  with  alcoholic  fermentation. 
Upon  saccharine  cultures,  poor  in  water  and  cut  off  from  the  air,  this  torula 
.rrows  Uke  yeast  and  excites  fermentation.  Upon  nutrient  media,  rich  m 
nitrocren  and  water,  it  forms  articulated  filaments,  longer  or  shorter,  which 
in  many  places  support  rounded  or  oval  conidia.  Upon  gelatine  plates, 
it  develops  as  coarsely  granulated  growths,  reminding  one  of  yeast  colonies ; 
it  does  not  liquefy  the  gelatine.  It  is  patliogenic  for  poultry  and  pigeons 
on  inoculation  in  the  crop,  where  it  develops  a  characteristic  aphthous 
membrane. 


HYPHOMYCETES,  OE  MOULDS. 


This  group  comprises  organisms  "which  consist  of  ceUs  multiplying  by 
fission,  and  which,  by  continued  linear  and  lateral  multiplication  and  by 
elongation,  form  branched  mycehal  threads;  each  of  these  is  composed  of 
cvlindrical  cells."  The  actual  mature  cells  consist  of  a  faintly  granulax 
protoplasm  contained  in  a  cellular  sheath.  The  ripe  cells  are  separated 
from  one  another  by  transverse  septa;  these,  however,  are  not  present  m 

irsmnrspecies  of  this  group,  the  terminal  threads,  by  a  simple  process 
of  fission,  produce  free  ceUs  which  are  conidia  or  spores.  These  species  are 
known  as  oidium,  the  chief  being  oidium  lactis,  the  oidium  o  fa^^^s>  th« 
Slum  of  ringworm  and  of  pityriasis  versicolor.  The  spores,  by  germina. 
tion,  elongate!  grow,  divide,  and  ultimately  give  rise  to  a  branched  mycehum 

^'iS'specTetlike  Aspergillus,  Mucor,  and  Penicillium,  under  favoy^ 
able  conditions  with  free  exposure  to  the  aii^  present  a  more  comphcated 
^  de  of  spore  formation;  but  when  unfavourably  situated  they  1--- ^^e 
r  oidium,  forming  spores  by  simple  fission  of  the  terminal  ceUs  of  the  fila. 

"""SuSTactis  is  often  an  abundant  inhabitant  of  sour  milk,  bread,  paste 
T^ntato  and  -elatine.  It  is  said  to  have  no  pathogenic  properties.  It 
gear's  filamentous  growth,  with  spherical  or  oval  spores, 

"^'TEoVschoaeini  is  the  oidium  of  favus,  and  like  that  of  ringwonn 
(TrMwton  tonsurans),  and  of  pityriasis  versicolor  {Mtcrosporon  furM, 
ibseir^^^^^^^  both  in  its  cultural  and  morphological  characters,  the 

closely  resemui   ,  elliptical  conidia  without  special 

n?a^whiSh  flocky layer,  and  then  thick,  dry,  and  white     It  grows  also  on^ 
nnkto     The  Trichophyton  tonsurans  is  very  like  the  above,  bub 
filameS  ar;  mo  e  rectiliniar.    It  only  grows  at  an  incubation  temperan 
Sre  i^rji  rraTaline  medium.    It  liquefies  gelatine,  grows  on  agar  a^d 

"Tsi'rgiC-?^^^^^^^  forms  of  Aspergillus  are  only  obserW 

AsperguiuB     X  ■  ^    in  the  lungs,  external  auditory  meatus 

saprophytically  ^  i  Sduced  into  the'  vascular  system  of  anim^ 

'"Taprolegnia  are  colourless  threads,  forming  dense  radiating  tufts  wlucll 
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occur  on  liviug  and  dead  animal  and  vegetable  matter  in  fresh  water.  Tte 
filaments  penetrate  into  the  substratum,  and  branch  more  or  less  in  the  sur- 
rounding water.  This  parasite  attacks  fish  and  tritons,  producing  a  diseased 
condition  of  the  skin,  which  may  be  ultimately  fatal.  It  produces  the 
common  disease  of  salmon. 

Botrytis  Bassiana. — This  occurs  as  colourless  hyphae  and  spores,  the- 
former  being  usually  simple,  but ,  sometimes  united  in  arborescent  stems. 
This  fungus  is  the  cause  of  muscardine,  a  fatal  disease  of  sillc-worms,  and 
occurs  also  in  various  other  caterpillars  and  insects. 

An  obscure  mycehum,  which,  penetrating  the  skin  and  subcutaneous- 
tissue,  sets  up  suppuration  and  ulceration,  has  been  described  as  the  cause 
of  a  disease  known  in  India  as  "  madura  foot."  According  to  Kanthack, 
it  somewhat  resembles,  if  it  is  not  actually,  the  following  : — 

Actinomyces. — This  is  a  fungus,  commonly  called  the  "  ray  fungus," 

■  which  is  common  to  both  man  and  animals,  producing  a  pathological  con- 
dition known  as  actinomycosis.    The  parasite  appears  in  the  form  of  a 

:  rosette  of  pyriform  or  clulj-shaped  elements.  The  little  masses  are  colour- 
I  less,  white,  or  of  a  yellowish  green  tint  and  visible  to  the  naked  eye. 

Having  gained  access  to  the  living  organism,  this  fungus  sets  up  inflanma- 
I  tion  in  its  neighbourhood,  resulting  in  the  formation  of  a  neoplasm,  com- 
]  posed  chiefly  of  round  cells,  resembling  a  tuberculous  nodule.  These 
I  nodules  may  break  down  and  suppurate,  or  may  go  on  increasing  in  size. 
'  In  cattle,  the  jaws  are  usually  affected.  The  organism  may  also  occur  in 
I  the  alimentary  tract,  the  lungs,  subcutaneous  and  intermuscular  tissues. 

The  various  situations  in  which  this  organism  is  found  suggest  that  its 
I  usual  habitat  is  in  the  outside  world,  and  that  it  is  introduced  into  the  body 
f  from  without.  The  most  generally  accepted  view  now  is  that  the  natural 
!  habitat  of  the  ray  fungus  is  on  the  cerealia,  that  it  lives  on  these  parasiti- 
(.  cally  (especially  upon  barley),  and  from  these  enters  the  animal  body 
t  through  wounds,  abrasions,  &c. 

Microscopic  examination  of  the  actinomycotic  masses  shows  the  central 
{  part  to  be  made  up  of  fine  granules,  or  of  fine  branched  threads ;  next  is  a 
I  zone  of  coarser  granules,  due  to  optical  sections  of  the  fine  fibres,  while  at 
t  the  periphery  of  the  mass  are  glistening,  radially  aggregated,  flask  or  club- 
s  shaped  bodies.  Occasionally,  the  central  zone  is  found  calcified.  Consider- 
a  able  controversy  has  existed  as  to  the  precise  nature  of  this  fungus.  In 
t  the  present  day,  it  is  very  generally  accepted  that  the  club-shaped  bodies 
I  are  sprouting  parts  and  conidia-bearing  ends,  the  threads  being  analogous  to 
;  the  mycelium  of  an  oidium-like  fungus. 

Actinomycosis  has  been  transmitted  from  cattle  to  cattle  by  inoculation, 
>  and  a  rabbit  has  been  infected  by  means  of  a  piece  of  human  actinomytic 

■  tumour,  introduced  into  the  peritoneal  cavity.  The  actinomyces,  on  blood 
-  serum  and  on  agar  at  37°  C,  forms  whitish  granules,  reaching  its  maximum 

■  growth  in  six  days.    The  granules  show  branched  mycelial  threads  with 
club-shaped  bodies.    Similar  development  can  be  obtained  in  broth  and  on 

-r  gelatine  ;  this  latter,  however,  liquefies. 


PROTOZOA. 

'  •  ^S^^^  '^ith  the  vegetable  parasites  above  described  and  the  larger  animal 
'  intruders,  to  be  discussed  subsequently,  we  have  in  the  course  of  years 
•  oecome  acquainted  with  a  series  of  small  patliogenic  animals,  not  sufficiently 
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known  as  yet  from  the  zoological  point  of  view,  but  probably  belonging  to 
the  group  of  the  lowest  protozoa.  Unfortunately,  our  methods  of  investiga- 
tion are  still  imperfect ;  the  forms  of  the  organisms  in  question  being  scarcely 
distinguishable  from  leucocytes,  or  cell  nuclei.  Though  the  literature  of  this 
subject  is  very  considerable,  hitherto  the  significance  of  these  organisms  has 
been  shown  chiefly  for  some  of  the  lower  animals  rather  than  for  man. 
Some  instances  of  these  organisms  are  :— 

Amoeba  dysenteriBe,— Various  observers,  notably  Losch,  Kartuhs,  and 
Councilman,  have  described  round  or  slightly  oblong  bodies,  consisting  of  an 
outer  pale  homogeneous  substance  enclosing  a  somewhat  greenish  highly 
refractive  mass,  containing  vacuoles  and  a  nucleus,  as  being  present  m 
certain  forms  of  dysentery.  A  characteristic  feature  of  these  amoeba-hke 
bodies  is  movement,  consisting  first  of  a  progressive  movement,  and  secondly 
of  a  protrusion  and  withdrawal  of  pseudopodia,  both  of  which  vary  in 
activity.  Entering  probably  with  the  food,  these  protozoa  pass  on  untH  the 
large  intestine  is  reached,  where  the  alkalinity  necessary  to  their  growth  is 
obtained  Here  they  penetrate  and  undermine  the  mucous  membrane,  pro- 
ducing their  effects  by  liquefying  the  tissues,  and  thus  causing  ulceration 
and  necrosis.  In  the  mucous  membrane  they  are  found  chiefly  m  the 
lymph  spaces,  blood-vessels,  and  in  the  gelatinous  contents  of  the  ulcers. 
They  may  penetrate  to  the  liver.  Kartulis  reported  that  he  had  cu  ti- 
vated  the  amoebae  in  straw  infusion,  but  it  is  now  known  that  his 
results  were  erroneous,  the  amoebae  being  derived  from  the  straw  infusion 
itsolf 

^  Miescher's  Tubes.— Sometimes  in  the  muscles  of  mice  and  other  animals, 
white  streaks  are  visible  to  the  naked  eye,  as  fine  white  streaks  between  the 
muscle  fibres.  Examination  with  a  low  power  shows  them  to  be  composed 
of  tubular  granular  masses,  several  millimetres  long  and  about  twice  as  thick 
as  the  muscle  fibres.  They  all  taper  towards  the  extremities.  Under  a 
higher  power,  a  capsule  can  be  made  out,  while  the  contents  aie  pale, 
crescentic,  reniform  corpuscles,  rounded  and  shghtly  attenuated  at  the  ends 
and  often  containing  a  vacuole.  In  the  larger  capsules,  there  are  formed 
tubes  of  the  second  and  third  degree,  or  spherical  masses,  each  surrounded 
by  a  thin  capsule,  one  within  the  other.  On  teasing  out  a  part  of  the  fresh 
muscular  tissue,  many  of  the  tubes  become  broken,  and  innumerable  isolated 
crescentic  spores  are  obtained.  No  movement  is  possessed  by  the  tubes 
or  individual  spores.  From  the  crescent-shaped  bodies  which  are  con- 
sidered as  the  typical  contents  of  the  tubes,  there  proceed  nucleated  forms 
resembhng  gregaiines,  which  on  the  addition  of  an  acid  emit  two  filaments 
fiorone  end  The  transfer  of  these  structures  to  other  warm-blooded 
an'LS^by Tnocnlation,  or  in  food,  has  hitherto  failed.  The  prevalent  behef 
is  that  they  enter  the  animals  by  an  intermediate  stage  of  development, 

^"ifLroi'y^^^^^^  of  this  infection  have  been  observed. 

Nuverricht  has  described  a  fatal  case  which  had  the  f  f £ 
mvositis  as  in  an  infection  of  trichinae.  How  such  parasites  enter  tlie 
Lran  s'ystem  is  obscure,  though  Rabe  states  that. he  has  obse-ee  a  ca^ 
after  eating  pork  containing  psorospermia ;   here  is 

however,  that  in  Rabe's  case  more  complicated  «'^^^«f .  J^'^' ^st 
times  contain  the  same  tubes,  but  Leuckart  does  not  feel  satisfied  that  these 

^"ci!SS:^;3r  understand  a  large  group  of  parasites  winch 
live  mrasttically  wXn  the  cells,  and  which  have  hitherto  been  observed 
cMeflT  n  StsT  where  the  fuil-grown  parasite  {Coccidium  omforne)  is 
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35  /Lt  long  and  15  /x  broad ;  similar  forms  have  been  found  in  dogs,  calves, 
sheep,  and  birds.  Their  entire  development  appears  to  take  place  in  the 
epithehum  cells  of  the  liver  and  bowel,  Coccidia  have  also  been  described 
hy  Podwyssozki  as  occurring  in  the  human  liver. 

The  life  history  of  Cocddium  oviforme  has  been  largely  explained  by  the 
two  Pfeiffers.  The  earlier  known  form  is  that  of  the  young  amoeboid 
parasite,  which  penetrates  into  an  epithelial  cell  of  the  bowel  or  liver,  and 
when  f uUy  grown  becomes  encapsuled  as  a  thin  bladder.  Within  this  develoi? 
numerous  daughter  cysts  or  cells,  at  first  of  a  rounded  shape,  each  of  which 
becomes  a  falciform  body.  The  falciform  cyst  bursts,  the  enclosed  bodies 
become  free  amoeboids,  penetrate  at  once  new  cells,  and  begin  afresh  their 
destructive  activity.  If  the  disease  involve  the  liver,  larger  sections  of  the 
liver  tissue  constantly  become  involved,  degeneration  by  pressure  of  many 
liver  lobules  takes  place,  leading  ultimately  to  death.  Outside  the  body, 
coccidium  undergoes  similar  changes,  and  when  the  encysted  organism  finds 
access,  again,  through  water  or  food  to  the  alimentary  canal,  the  capsule 
becomes  dissolved,  the  s23ores  are  set  free,  and  these  germinate  into  granular, 
spherical  bodies  to  form  the  typical  oval  coccidium.  The  contagious  epithe- 
lioma of  poultry  and  pigeons  is  occasioned  by  a  similar  organism,  whilst  the 
Molluscum  contagiosum  of  man  is  due  to  the  same  or  similar  parasites 
(Xeisser).  Coccidia  have  also  been  described  by  Pfeifi"er  and  others  in  the 
epithelium  in  cancer,  variola,  vaccinia,  varicella,  herpes  zoster,  and  other 
vesicular  eruptions. 

Flagellate  Protozoa.— More  higlily  differentiated  are  the  forms  Tricho- 
monas and  Gircomonas  and  other  flagellated  monadinte  known  to  inhabit 
the  bodies  of  vertebrate  and  invertebrate  animals.  The  genus  Trichomonas 
has  been  found  by  Pf eiffer  in  the  oral  and  pharyngeal  mucus  of  pigeons 
affected  with  the  chronic  necrotic  thickening  of  the  mucous  membrane 
called  diphtheria.  He  regards  Loffier's  bacilli  in  this  affection  as  a  septic 
complication,  and  maintains  that  the  disease  is  caused  by  the  trichomonas, 
though  the  same  organism  is  constantly  to  be  found  in  healthy  pigeons. 
The  mature  organisms  are  oval  or  semi-lunar,  with  four  flagella  at  the  head, 
a  divided  one  at  the  tail  and  an  undulating  marginal  membrane.  By  losing 
their  tails,  these  organisms  pass  into  an  amoebic  condition  of  great  contrac- 
tihty,  ending  in  final  encystment  and  spore  formation. 

The  genus  Gircomonas,  a  minute  club-shaped  ciliated  protozoon,  smaller 
than  Trichomonas,  possessed  of  no  envelope  and  having  a  pointed  prolonga- 
tion at  one  end  and  a  fine  flageUum  at  the  other,  has  been  found  in  the 
intestine  of  man  in  cholera,  diarrhoea,  and  dysentery.  Other  species  of 
flagellate  monadinse  have  been  described  by  Lewis,  Evans,  Koch,  and  Crook- 
shank  as  occurring  in  the  blood  of  horses,  camels,  dogs,  rats,  and  badgers. 


INSECTA. 


Instances  of  the  so-called  free  parasitism,  partial  parasitism,  and  of  true 
parasitism,  due  to  insects,  are  by  no  means  uncommon  in  man.    EHes,  bugs, 
•fl"'  ^i!*^  tinder  this  category  :  these  exercise  their  parasitism 

either  by  making  man  the  host  of  their  larvaj,  for  which  a  temporary 
sojourn  in  the  organs  of  a  warm-blooded  animal  is  a  necessary  factor  for 
wieir  development,  or  play  the  i)arts  of  free  and  true  parasites  by  temporary 
or  permanent  attachment  to  the  person,  for  the  purpose  of  deriving  susten- 
ce.    ihus  it  is  by  no  means  a  rare  occurrence — particularly  in  tropical 
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countries— to  find  larvge  developing  in  wounds  or  sores,  or  in  sucli  accessibla 
but  sheltered  parts  as  the  nostrils,  ears,  and  even  conjunctival  sacs,  borne 
of  these  larv£e  become  a  source  of  very  great  danger,  ownig  to  the  rapidity 
with  which  they  destroy  the  tissues  in  which  they  are  lodged.  Uther 
larvs  proceed  to  development  by  penetrating  under  the  skm  of  their 
temiDorary  host,  lodge  there,  and  grow  at  the  expense  of  the  tissues  on 
which  they  feed,  causing  pain,  irritation,  and  not  infrequently  sores  which 
in  unhealthy  climates  are  not  without  danger.  Of  this  kmd  of  ecto-para- 
sitism,  the  following  are  the  chief  forms :—  ■,         •  u 

Blaps  mortisaga,  or  churchyard  beetle,  has  on  several  occasions  been 
found  to  be  present  in  the  human  body.  Cobbold  records  a  case  m  wluch 
several  perfect  insects  and  1200  larv^  were  passed  by  the  bowel,  ihe 
Tenebrio  moUtor  is  a  closely  allied  species  whose  larvae  have  been  found 
passing  from  the  human  body.  ^^^^  i 

(Estrus  hominis.— This  insect,  in  the  so-called  "  bot  condition,  and  also 
several  other  varieties,  have  been  found  in  man.  The  late  Dr  Livingstone 
is  known  to  have  been  afflicted  with  the  larvae  of  a  species  of  this  fly  during 
the  course  of  his  African  travels. 

Cuterebra  noxiaUs.— The  larva  of  this  fly  is  the  so-called  Macaco  worm 
of  Central  America.  The  perfect  insect  is  about  17  mm.  long,  has  a  yeUow 
head  and  face,  a  brown  body  striped  with  grey,  and  a  blue  abdomen,  it 
frequents  the  outskirts  of  woods,  depositing  its  eggs  on  man,_  cattle,  and 
dogs.  The  larvae,  when  hatched,  penetrate  the  skm  giving  rise  to  much 
irrfbation :  they  attain  a  length  of  about  a  quarter  of  an  inch  and  possess 
two  strong  buccal  booklets  and  a  series  of  spines  on  the  front  half  of  the 

^"^Anthomyia  canicularis.-The  larvae  of  this  fly  are  qui^te  common  i^n 
man :  while  several  cases  of  parasitism  from  the  maggots  of  the  bluebottle, 
or  Musca  vomitoria,  have  been  recorded  by  SeUs  and  Cobbold 

LuciHa  homiBivora.-The  revolting  parasitic  habits  of  the  maggots  of 
this  species  are  difficult  to  realise.  It  is  an  i^nhabitant  of  Amenca,  being 
found\-om  the  United  States  in  the  north  to  the  Argentine  Kepnbhc  n  the 
south.  An  allied  species  has  been  met  with  m  India.  The  perfect  msect 
is  about  10  mm.  in  length,  with  a  blue  thorax  and  brown  wmgs.  The 
tZ  lLe  12  to  15  'mm.  The  fly  deposits  her  ^EE^^l^^on^^^^^ 
f-he  nose  and  ears  of  men  and  animals.  On  being  hatched  the  larvae,  by 
means  of  two  powerful  buccal  hooks,  attack  the  tissues  which  they  devour 
SSdlv  producing  often  extensive  mutilations.  They  have  been  known  to 
devou^^rsoft%^  at  the  back  of  the  mouth  and  nostrils,  includmg  the 
phl'L  g^^^^^^^  cleep  structures  at  the  base  of  the  cranium,  and 

^%S^£:^rj^S^^Ms  is  a  native  of  Sen^ambia  where  its 
larva  is  known  as  the  cayor  worm.  The  msec  J^^^^--^^^^^^ 
in  the  sand,  whence  the  larvae  emerge,  and,  an  oppoi^^^^^^  tTlaiS 
penetrate  the  skin  of  man  or  animals.  Underneath  ^J^^^;'^^^^  '^If^ 
grow  "ivincr  rise  to  inflamed  sweUings :  m  seven  days  thej  leji^  e  their 
temporary  host  and  pass  into  the  pupa  stage.    Once  the  larv^.  have  emerged, 

the  sores  so  produced  quickly  heal.  ...^Aap  the  flea. 

As  examples  of  free  parasitic  insects  we  may  quote  the  midge,  the  flea, 

many  well-known  gnats  and  bugs,  and  also  the  foHo^ving  - 

rnticidse  —Probably  many  species  of  mosquitoes  attack  man  as  ^veii  a» 

animd      T";e  ^^^oZ^ce  of  tUe  insects  as  intermediate  bearers  of  human 

fito  and  plasmilium  maW,  will  ^^.^^^^^^'P:^'^^^^         in  South 
Glossina  morsitans,  or  tsetse  fly,  is  a  notorious  msect  lounci 
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Africa,  where  it  is  terribly  destructive  to  horses,  oxen,  sheep,  and  dogs. 
Its  bites,  however,  though  very  annoying,  do  not  prove  fatal  to  man. 

Pulex  penetrans.— Under  the  name  of  the  jigger  or  chigoe,  this  is  a  well- 
knoAvn  and  excessively  troublesome  insect,  found  in  the  West  Indies,  tropical 
America,  and  some  parts  of  Africa,  particularly  Algeria,  the  Soudan,  and 
Zanzibar.  The  chigoe  lives  on  the 
ground,  and  is  most  abundant  in  dry 
sandy  soils,  particularly  near  the  sea 
shore.  Dirty  native  cabins  are  a  very 
favourite  haunt  for  this  insect.  It 
attacks  all  warm-blooded  animals,  fix- 
ing itself  indifferently  on  the  first  that 
comes  in  its  way.  In  size,  the  chigoe 
is  smaller  than  the  common  flea  :  it  is 
reddish-brown  in  colour  and  has  a  large 
head  with  a  broad,  deep  abdomen. 
Both  the  male  and  female  are,  for  the 
most  part,  free  parasites,  the  male  being 
always  so,  and  the  female  up  to  the 
time  of  impregnation.  They  suck  the 
blood  by  piercing  the  skin  on  every 
Available  chance,  dropi^ing  off  when 
gorged.  While  the  male  retains  the 
Ordinary  habits  and  form  of  a  flea, 
the  female,  when  she  has  been  im- 
pregnated, bores  her  way  into  the  skin 
of  the  foot,  leg,  thigh,  scrotum,  or  other 
parts  of  the  body,  and  becomes  by  the 
enormous  development  of  the  ovary, 
a  simple  motionless  bladder  embedded 

in  the  flesh,  around  which,  in  course  of  time,  when  the  eggs  have  to  be 
extruded,  a  certain  amount  of  inflammation  arises.  In  due  time,  these  are 
hatched,  producing  a  larva  which,  after  enclosing  itself  in  a  cocoon  and 
passing  through  a  nympha  stage,  emerges  in  eight  or  ten  days'  time  as  the 
perfect  insect  (fig.  97). 

Of  the  true  parasitic  insects  afi'ecting  man,  the  chief  is  the  Pediculiis  or 
louse.  Five  distinct  species  are  recognised  as  human  parasites,  namely,  the 
head  louse,  the  clothes  louse,  the  distemj)er  louse,  the  pubic  louse,  and  the 
louse  of  the  eyelids.  The  lice  found  on  negroes  and  other  native  races 
were  at  one  time  thought  to  be  distinct  species  :  this,  however,  is  not  so. 
Occasionally  one  or  more  species  of  bird  lice  have  been  found  on  man,  and 
may  be  regarded  as  human  parasites.  This  has  occurred  particularly  in  the 
case  of  Ornithomyia  avicularis,  which  frequently  infests  cage  birds.  In 
like  manner,  one  or  more  forms  of  lice  infesting  common  fowls  may  attach 
themselves  to  man. 


ARACHNID  A. 


Amongst  the  trachearian  section  of  this  great  class  of  arthropodous  in- 
vertebrates there  are  numerous  ])arasitic  species  which  attack  man  and 
animals.  They  are  more  familiarly  known  as  mites  (acaridse),  ticks 
(ixodidse),  and  pentastomes  (pentastoinidiB). 

Of  the  mites,  the  chief  human  parasite  is  the  common  itch  insect. 
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Acarus  scabiei,  or  human  itch  insect,  has  been  described  under  a  number 
of  synonyms  :  it  is  probable  that  most  of  the  so-called  species  infesting  our 

domestic  animals,  as  well  as  that 
called  the  Norway  itch  insect,  are 
mere  varieties  of  the  common  species 
(fig.  98).  The  burrowing  of  this 
insect  causes  much  itching  and  some 
rash.  It  is  the  female  only  which 
thus  penetrates  the  skin  and  causes 
the  characteristic  symptoms  of  the 
disease  known  as  scabies :  for  bur- 
rowing beneath  the  cuticle,  she  lays 
her  eggs  at  the  end  of  the  burrow, 
where  they  hatch,  and  the  young 
insects  then  commence  to  burrow 
afresh  in  other  directions. 

In  France,  the  face  mite,  or 
Demodex  foUiculorum,  is  a  fruitful 
source  of  personal  disfiguration.  A 
variety  infests  the  dog. 

The  ticks  are  less  frequently  met 
with,  as  human  parasites,  in  this 
country  than  in  some  parts  of  the 
tropics.  Some  of  these  arachnidans 
are  terrible  blood-suckers,  more  par- 


Fig.  98. — Acarus  scabiei. 


ticularly  Argas  persicus  and  A.  chinche,  found  respectively  in  Persia  and 
Columbia.  The  camel  tick  and  the  various  forms  of  Ixodes  are  disgusting 
and  liighly  venomous  species  occasionally  found  on  man,  producing  severe 
pain  :  they  are  probably  identical  with  one  or- other  of  the  ticks  known  to 
infest  domesticated  animals. 

Man  is  occasionally  the  host  of  sexually  incomplete  forms  (pentastomida) 
of  as  yet  incompletely  known  araclinidans. 

Pentastomun  denticulatum.— This  is  the  sexually  incomplete  state  ot 
the  mature  form  known  as  P.  tcenioides,  which  resides  m 
the  nasal  chambers  of  the  dog  and  other  animals.  In 
the  larval  form,  as  P.  denticulatum,  it  infests  the  liver 
and  lungs  of  man.  Formerly,  these  two  pentastomidse 
were  thought  to  be  distinct,  until  Leuckart  succeeded 
in  rearing  the  so-caUed  P.  denticuLatum  in  the  intestine 
of  the  rabbit  from  the  eggs  of  P.  tcenioides,  and  traced 
the  development  of  the  young  P.  denticulatum  into  the 
adult  P.  tcenioides  by  placing  the  embryo  in  the  nasal 
cavity  of  the  dog.  The  life  history  of  this  parasite 
appears  to  be  briefly  this.  The  young  form  inhabits 
cysts  in  the  liver  and  lung  of  herbivorous  mammals : 
presently  the  young  animal  breaks  through  its  cyst  and 
makes  its  way  into  the  body  cavity,  after  causing  con- 
siderable injury  to  the  tissues  during  its  transit,  and 
occasionally  even  causing  the  death  of  its  host,  bome- 
times  it  wanders  again  into  the  viscera  or  into  the  Ijau- 
Fig.  99.  _  Pentasto-  phatics.  If  the  body  of  its  host  be  devoured  by  a  clog 
mum  denticulatum  go^^g  carnivorous  animal,  the  young  Pentastomum,  n 
(after  Leuckart).  ^^^^^^^  encysted,  finds  its  way  directly  through  the 

nares  into  the  olfactory  cavity,  where  it  attains  sexual  maturity,  ine 
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IP.  denticulahcm  lias  often  been  found  in  tlie  liver  and  lungs  of  man  in 
various  parts  of  Europe :  its  organs  of  locomotion  are  liooks 
.and  spines  which  are  developed  towards  the  close  of  the 
i-resting  stage,  and  finally  laid  aside  after  they  have  served 
;  their  purpose. 

Pentastomum   constrictum. — This  parasite  is  not  un- 
c  common  in  Egypt,  the  Soudan,  and  West  Coast  of  Africa, 
lit  is  the  larval  form  of  an  arachnid,  of  which  the  adult  stage 
lis  still  unknown.    It  has  a  white,  annulated,  cylindrical  body, 
vwith  a  rounded  anterior,  but  rather  conical  posterior  end.  The 
vventral  surface  is  flattened,  the  entire  parasite  measuring  about 
115  mm.  in  length  by  less  than  3  mm.  in  breadth.    It  has  four 
f.foot-claws  near  the  mouth.    The  elongated  abdomen  displays 
I  twenty-three  rings,  placed  at  tolerably  regular  intervals.  It 
dditfers  from  P.  dentieulatum,  which  we  have  seen  to  be  the   Fig-  100.— 
.larval  form  of  P.  tcenioides,  in  not  possessing  integumentary  l^'^'^^^^ 
s  spines,  and  in  being  a  much  larger  parasite.    It  is  found  ^^fj-gj.  Aitken). 
I  coiled  upon  itself  in  a  cyst,  situated  generally  near  the 
J  surface  of  the  liver,  in  such  a  way  as  to  be  perceived  through  the  fibrous 
capsule  of  the  organ. 


SUCTOEIA. 


A  vast  number  of  suctorial  annelids  attack  man  in  such  a  way  as  to  deserve 
t  the  title  of  parasites.  In  this  category  come  the  ordinary  leeches,  besides 
i:  numerous  aberrant  forms  which  have  only  been  imperfectly  described. 

Haemopis  sanguisuga. — This,  the  common  horse  leech,  is  found  in  aU 
j  parts  of  Europe,  in  Egypt,  and  throughout  North  Africa.  This  species 
I  often  attacks  man  in  Avarm  climates,  attaching  itself  to  the  mucous  surfaces 
c  of  the  nose  and  pharynx,  and  even  entering  the  larynx  and  air  passages. 
?  Men  are  much  debilitated  by  them  at  times ;  and  in  the  event  of  their 
(  entering  the  air  passages,  death  by  asphyxia  may  ensue.  There  is  no  doubt 
X  that  these  leeches  enter  the  mouth  by  means  of  foul  drinking  water. 

Sanguisuga  tagalla  is  a  land  leech  found  in  Ceylon,  where  it  lives  in 
^  woods  and  in  damp  undergrowths.  It  is  about  an  inch  long,  little  thicker 
t  than  an  ordinary  knitting  needle,  but  extremely  active.  It  lies  among  the 
1  leaves  and  grass,  and  attacks  any  man  or  beast  wliich  passes  near  it. 
>  Similar  land  leeches  are  found  in  Java,  the  Philippines,  in  the  Himalayas, 
-  Africa,  Australia,  and  Cliili.  All  varieties  appear  to  possess  great  suctorial 
i  powers,  and  if  disregarded,  by  producing  repeated  haemorrhages,  may  bring 
a  about  a  state  of  great  debility. 


NEMATODA. 

The  nematoid  j)arasites  are  probably  better  known  than  any  of  the  other 
[  parasites  of  man.    This  arises  partly  on  account  of  the  excessive  prevalence 
e  of  some  members  of  the  group,  particularly  the  little  thread-worm,  partly 
f  from  the  circumstance  that  the  large  round  worm  bears  a  marked  re- 
semblance  to  the  common  garden  worm,  and  partly  because  the  spiral  flesli- 

V  worm  plays  an  important  role  in  the  production  of  the  epidemic  disease 
1;  known  as  tricTiinosis.  In  the  case  of  those  whose  experience  has  been  in 
'  the  tropics,  this  group  is  further  familiar  as  embracing  the  Guinea  worm, 

V  various  filarise,  and  other  less  common  forms. 
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Oxyiiris  vermicularis. — This  is  the  common  thread-worm,  a  well-known 
human  parasite  occurring  in  large  numbers  in  the  caecum  and  upper  part  of 
the  colon.  The  female  is  about  ^  inch  long,  and  the  male  ^  inch.  The 
female  gives  off  enormous  numbers  of  colourless,  oval,  unsymmetrical  eggs, 
each  being  50  /a  in  length  and  about  half  as  broad.  These  eggs  have  a  rather 
thin  shell  with  a  double  outline  (fig.  1,  Plate  XL),  and  may  contain  a  well- 
developed  embryo,  which,  at  first  tadpole-like,  rapidly  assumes,  under  suitable 
conditions  of  heat  and  moisture,  a  vermiform  character.  For  the  purposes 
of  infection  it  is  alone  necessary  that  the  eggs  of  the  worm  be  conveyed  to  the 
mouth  and  swallowed.  Their  previous  immersion  in  water  for  any  length 
of  time  secures  their  destruction,  by  the  bursting  of  the  shell  consequent 
upon  endosmosis.  The  eggs  are  conveyed  to  the  mouth  in  various  ways. 
Ordinarily  children  become  infested  by  biting  their  nails,  beneath  the  mar- 
gins of  wiiich  the  eggs  lie  concealed.  Occasionally,  the  eggs  are  swallowed 
by  accident  during  sleep,  or  the  whole  parasite  may  be  conveyed  to  the 
mouth  in  a  similar  manner.  In  whatever  manner  they  may  have  been 
carried  to  the  bearer,  when  once  the  eggs  have  gained  access  to  the  stomach, 
their  shells  are  dissolved  by  the  gastric  juice,  and  the  larvte  liberated.  In 
the  upper  intestine,  the  larvaj  grow  rapidly ;  here  they  undergo  one  or  more 
changes  of  skin,  acquiring  sexual  maturity  within  a  period  of  less  than  a 
month.  Improperly  cooked  or  raw  vegetables  and  water  are  the  vehicles 
by  which  they  directly  reach  man  from  outside. 

Ascaris  lumbricoides.— This  is  the  common  round  worm,  bemg  m 
general  appearance  very  like  the  ordinary  eartliAVorm.  It  is  pinkish  in 
colour,  tapering  at  each  end,  and  measuring  some  six  inches  long  in  the  case 
of  the  males,  and  twelve  inches  in  the  case  of  the  females.  In  man  it  usuaUy 
infests  the  small  intestine,  where  it  gives  off  large  numbers  of  eggs.  These, 
though  colourless  when  within  the  worm,  are  usually  b;'o^\Ti  when  seen 
witliin  fjEces,  owing  to  the  action  of  the  bile  upon  the  outer  sheU,  which  is, 
moreover,  characteristicaUy  nodulated  (fig.  2,  Plate  XL).  In  shape  they 
are  not  unlike  a  barrel,  and  measure  65  long  and  about  45  fj.  broad.  iJie 
inner  layer  of  the  sheU  is  transparent,  colourless,  and  rather  thick  with  a 
multiple  outline.  How  and  where  the  eggs  develop  is  not  knowri,  but  it  is 
supposed  to  be  in  water  or  possibly  in  an  intermediate  aquatic  host.  Un- 
doubtedly it  is  chiefly  by  means  of  water  that  they  reach  mam  Develop- 
ment extends  over  three  or  four  months.  Pigs  being  infested  by  the  same 
worm  the  water  from  streams  or  ponds  in  the  neighbourhood  of  pig-sties 
becomes  a  dangerous  source  of  infection,  if  employed  for  domestic  purposes. 

The  large  lumbricoid  worm  of  the  horse  is  an  entirely  distinct  species. 

Ascaris  mystax.— This  nematode  is  probably  identical  with  the  A.  aiata 
of  Bellingham.  Its  stages  of  growth  have  been  traced  by  Leuckart  m  tlie 
■cat,  in  whose  stomach  specimens  of  the  larvae,  were  found  measuring  only 
i  of  an  inch.  From  Hering's  observations,  it  would  seem  probable  that  a 
period  of  three  weeks  is  amply  sufficient  for  the  production  of  sexual 
maturity  after  the  larv^  have  gained  access  to  the  body  of  the  ultimate 
bearer.    The  bearer  may  be  either  man  himself,  or  more  commonly  a  cat, 

dog,  or  some  carnivorous  animal.  „„„,„,n7i 
Tricocephalus  dispar,  or  the  "  whip-worm,"  is  possibly  the  most  common 
of  all  intestinal  parasites  affecting  man  in  the  tropics  and  not  infi'eq^^en  ly 
met  with  in  Europe.  Its  eggs  are  so  characteristic  (hg  3,  Hate  ^^^-JJ'^ 
having  once  seen  them  it  is  not  possible  to  mistake  them  ^^J^^^^^^;^ 
Their  usual  size  is  36  in  length  by  26  /x  m  breadth :  m  colour  they  vry 
from  a  yellowish-brown  to  red.  The  eggs  are  commonly  yo^^ed  ;J 
worm  into  the  bowel,  and  when  discharged  from  the  bowel  ,  the  embrjo  is 
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lot  differentiated  within  them.  Its  development  remains  in  abeyance  until 
!  he  egg  is  carried  into  \yater  or  other  damp  medium.  This  happening, 
uevelopment  proceeds,  and  on  the  egg  being  swallowed  by  man  in  drinking 
.rater,  the  embryo  is  liberated  in  the  alimentary  canal,  where  it  attaches 
rtself  to  the  mucous  membrane  of  the  caecum  by  means  of  the  whiplash-like 
i  nterior  part  of  its  body  (fig.  101).  The  development  of  this  worm  is  sIoav, 
Drobably  being  rarely  completed  within  the  year. 

The  intermediate  host  is  unknown,  but  the  experiments  of  Davaine  render 
1 1  probable  that  infection  takes  place  in  a  direct  manner  some  time  after  the 
.:ggs  have  escaped  the  human  bearer.  The  embryos  will  live  for  many 
.ears  in  the  free  eggs,  even  if  exposed  to  dryness. 

Trichina  spiralis. — The  larval  forms  are  commonly  spoken  of  as  flesh- 
worms.  The  adult  is  a  small  worm,  varying  from  xg-  to  i  inch  in  length, 
rivhich  not  only  attacks  man,  but  also  pigs  and  other  animals,  producing  the 
iUsease  laiown  as  trichinosis.    In  this  disease,  the  muscles  present  a  number 


Fig.  101. — Tricocejjhalus  dispar.  Fig.  102. — Muscle  containing  Trichince 

spiralis. 

'fof  ovoid  cysts,  about  y>jj  inch  in  length,  just  visible  to  the  naked  eye,  within 
■leach  of  which  is  coiled  an  immature  trichina,  not  much  more  than  ^^^q  inch  - 
•long  (fig.  102).    If  by  chance  the  tissue  or  muscle  containing  the  capsules 
'be  eaten,  the  capsule  is  dissolved,  and  the  young  Avorm  is  set  free.  This 
itapidly  develops,  and  breeds  so  rapidly  that  within  a  week  the  embryos  of 
hthe  trichina,  by  burrowing  through  the  intestinal  walls,  are  able  to  find  their 
fWay  into  all  parts  of  the  consumer's  body,  especially  the  muscles,  in  which 
they  soon  get  encapsuled,  to  go  through  the  same  history  again.  ■  When 
trichinosis  occurs  in  man,  it  is  generally  due  to  the  eating  of  the  imperfectly 
'  "oked  flesh  of  pigs  suffering  from  the  disease.    It  is  somewhat  conimon  in 
Germany,  where  sausages,  hams,  and  pork  are  more  often  eaten  than  in  this 
country.    The  symptoms  of  trichinosis  arc  sickness,  prostration,  fever,  and 
muscular  pains.    The  mortality  is  often  slight,  but  occasionally  very  high. 
Dracunculus  medinensis  or  Guinea-worm,  and  sometimes  called  Filaria 
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medinensis,  is  a  parasite  endemic  in  many  parts  of  India,  Persia,  Arabia,  Egypt,  \ 
the  West  Coast  of  Africa,  Demerara,  the  Brazils,  and  other  tropical  countries. 
The  Guinea-worm  disease  is  undoubtedly  the  same  disease  as  the  dracontiasis 
of  Plutarch,  and  corresjionds  also  with  the  Israelitish  endemic  affection 
described  by  Moses  as  due  to  fiery  serpents.  The  curiously  limited  preva- 
lence of  this  parasite  in  certain  districts  was  for  many  years  inexplicable, 
until  Fedschenko  discovered  the  fact  that  a  certain  species  of  fresh-water 
Cyclops,  having  apparently  a  very  capricious  distribution,  is  a  necessary 
factor  in  the  life  history  of  the  filaria.  Consequently,  the  distribution  of 
the  Guinea-worm  is  bound  up  with  and  dependent  on  the  distribution  of 
the  particular  species  of  fresh-water  crustacean  which,  in  reality,  acts  as  its 
intermediate  host. 

Not  only  man,  but  oxen  and  some  other  animals,  are  affected  with  this 
filaria,  or  a  parasite  very  closely  allied  to  it.  As  yet,  the  female  dracunculus 
alone  is  known  with  certainty,  though  Charles  has  described  structures  in 
comiection  with  two  female  dracunculi  which  are  suggestive  of  the  male 
dracunculus  in  coitu.  Immature  specimens  of  Guinea-worm  vary  in  length 
from  a  few  inches  to  as  many  feet.  The  mature  worm  is  a  long,  milky- 
white,  slender,  cylindrical  organism,  having  a  thickness  of  about  ^  inch, 
and  not  at  all  unlike  a  thick  fiddle-string.  Its  actual  length 
varies  from  1  to  12  feet.  The  head  of  the  worm  is  short  and 
tapering,  terminating  in  an  oval  irregular  surface  called  the 
"cephalic  shield."  In  the  centre  of  this  is  a  triangular 
buccal  orifice,  which  leads  to  an  alimentary  canal,  extend- 
ing along  the  whole  length  of  the  creature,  and  ending 
blindly.  Close  to  the  buccal  orifice  are  two  papillae,  with 
six  others  at  the  circumference  of  the  shield;  these  are 
generally  regarded  as  sensory  organs.  The  posterior  end 
of  the  parasite  terminates  in  a  blunt  point  Avhich  is  often 
bent,  like  a  hook,  towards  the  ventral  surface.  Nearly  the 
whole  of  the  worm  is  occupied  by  a  long,  tubxilar,  and 
embryo  filled  uterus.  No  trace  of  a  vagina  can  be  detected 
in  the  mature  worm,  though  there  is  evidence  to  suggest 
that  originally  there  was  one.  The  emission  of  embryos 
appears  to  take  place  by  the  buccal  orifice, 

Like  many  other  animal  parasites,  its  presence  in  the 
tissues  of  man  is  but  a  portion  of  its  life  history,_  and  to 
complete  its  cycle  of  existence  it  requires  to  pass  into  the 
tissues  of  some  other  living  organism.  The  worm,  having 
gained  access  to  man's  body,  probably  in  a  larval  form, 
lying  in  the  body  of  the  cyclops,  bores  its  way  into  the 
tissues.  When  or  where  the  sexes  come  together,  and 
what  are  the  subsequent  steps  in  the  development  of  the 
female,  and  what  becomes  of  the  male  worm,  are  unknown. 
After  an  interval  of  from  nine  months  to  a  year,  a  stage 
of  maturity  appears  to  be  reached,  as  indicated  by  the  pre 
sence  of  a  worm  many  inches  in  length,  embedded  in  the 
v\a  inq-wm  cellular  tissue  of  the  host,  with  an  enormously  developed 
iyo  ofGuin^a  uterus  packed  with  millions  of  embryos.  The  embryo  which 
Worm  (after  is  emitted  from  man  is  aquatic  in  habit,  and  to  furtlier 
Bastian).  develop  needs  to  pass  into  water.  In  size  the  embryos 
by  _Ji-r  of  an  inch.    They  are  distinctly  flattened,  tapering 


measure 
towards 


T   by  01  an  incn.    xney  are  uisbincwv  jiai/Kv^n'-^i,  ^^.^.^.—c 

the  head  "end,  and  terminating  posteriorly  in  a  long,  slender, 
—  ■  •         •    about  Uke 


sharply-pointed  tail  (fig.  103).    They  are  very  active,  SM-immmg 
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,  tadpole :  they  can  be  kept  alive  in  moist  earth  or  water  for  some  twenty 
lays.  In  water,  if  it  meets  its  necessary  intermediary  host,  the  cyclops,  the 
iBmbryo  filaria  penetrates  the  little  crustacean,  and  in  its  body,  in  about 
;\ive  weeks,  undergoes  considerable  development  towards  a  more  mature 
■.ondition.  Lying  in  the  body  of  the  cyclops,  it  is  supposed  that  the  filaria 
I  vaits  an  opportunity  of  being  conveyed  in  drinking  water  to  the  stomach  of 
::ts  human  host  or  of  some  other  animal,  Avhence  it  can  continue  its  cycle  of 
Nixistence,  as  already  described. 

The  peculiar  history  connected  with  this  parasite  emphasises  the  value  of  a 
i  )ure  water-supply,  as  well  as  the  importance  of  forbidding  individuals  washing 
;in,  or  in  the  neighbourhood  of,  the  drinking-water  supply  of  a  community. 

Anchylostoma duodenale.— Sometimes  calleddockmius  dtwdenaUs,this  is 
I  short  worm  which  attaches  itself,  often  '  •/) 
im  large  numbers,  to  the  villi  of  the  small 
r  ntestine.  It  is  very  widely  distributed, 
oeing  found  in  Europe,  Egypt,  Zanzibar, 
ijold  Coast,  West  Indies,  Brazil,  Peru, 
'Bolivia,  Assam,  Lower  Bengal,  Borneo, 
lava,  and  Australia.  It  is  the  cause  of 
':5he  pathological  condition  known  as 
unchylostomiasis,  marked  by  a  serious 
ixnd  often  fatal  form  of  anaemia,  the 
eresidt  of  the  large  amount  of  blood 
libstracted  by  the  parasite. 

This  entozoon  is  whitish  in  colour 
livhen  empty,  but  reddish-brown  when 
Med  with  blood.  Its  length  is  from  8 
.00  18  mm.,  with  a  breadth  of  about  1 
imm.  Both  the  males  and  females  (fig. 
(104)  are  cylindrical  with  conical  pointed 
iheads.  The  females  have  also  a  jjointed 
'posterior,  but  the  males  are  readily  dis- 
'iinguished  by  having  in  this  situation 
1  peculiar  beU-shaped  bwsa  copulatrix. 
The  mouth  is  provided  with  four  strong 
Iclaw-like  teeth. 

The  adult  animal  lives  generally  in 
;the  jejunum  or  duodenum,  the  eggs  (fig. 
4,  Plate  XL)  being  expelled  Avith  the 
rfseces,  and  in  which  they  can  be  readily 
detected  by  microscopical  examination. 
IThe  embryo  is  never  found  developed 
within  the  eggs  in  the  faeces  up  to  the 
itime  of  their  evacuation,  but  appears,  on 
tbeing  discharged  from  the  intestine,  to 
undergo  its  primary  development  in  wet 
■soil,  being  much  favoured  by  a  high 
temperature  and  exposure  to  air. 

The  young  worm  is  very  different  from 
ithe  adult,  and  shows  a  typical  rhabditic 
form,  characterised  by  a  spindle-shaped 

■oesophagus  ending  in  a  chitinous  bulb  provided  with  three  chitinous  ridges, 
land  ali  abruptly  pointed  tail.  Under  favourable  conditions  of  warmth  and 
^'moisture,  the  young  larvae  rapidly  undergo  development  marked  by  an 


Fig.  104. — Anchylostoma  duodenale 
(after  Sonsino).  «,Male  ;  b,  Female  ; 
c,  Erabrj'o. 
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incomplete  kind  of  moulting,  which  gives  them  the  appearance  as  if  they 
were  enclosed  in  a  kind  of  case.    The  larva,  having  undergone  some  modifi- 
cations, especially  in  the  digestive  canal  by  the  loss  of  its  chitinous  bulb, 
gradually  becomes  capable  of  assuming  the  parasitic  state,  requiring  only 
an  opportunity  of  being  introduced  into  the  alimentary  canal  of  man  to 
grow  there  into  the  adult  anchylostoma.    This  simple  course  of  development 
has  been  questioned  by  Giles,  whose  observations  in  Assam  suggest  that, 
though  the  embryo  born  of  the  parasitic  worm  reaches  an  adult  free  stage, 
it  is  only  the  progeny  of  this  latter  or  the  grandchildren  of  the  parasitic! 
worm  which  are  capable,  after  having  reached  a  certain  degree  of  develop- 
ment, of  assuming  the  parasitic  life  on  introduction  to  the  human  body.; 
Though  a  similar  heterogenesis  is  not  unknown  in  other  nematodes,  this 
account  of  the  life  history  of  anchylostoma  is  not  as  yet  definitely  accepted! 
by  helminthologists,  as  it  is  just  possible  that  the  free  adult  form  observed 
by  Giles  may  be  only  one  of  the  many  species  of  free  nematodes  known  to 
live  in  mud,  such  for  instance  as  Ehabditis  terricola. 

Notwithstanding  some  uncertainty  about  the  life  history  of  anchylostoma, 
it  is  certain  that  damp  soil  is  the  medium  in  which  the  eggs,  when  voided: 
by  man,  undergo  development.  From  the  soil  to  the  well  is  but  a  shorty 
step,  and,  either  in  water — especially  muddy  water— or  in  earth  adheringf 
to  food,  this  worm  is  transferred  to  the  human  alimentary  canal.  That  the 
soil  plays  an  important  part  in  the  distribution  of  anchylostoma  is  further 
emphasised  by  the  fact  that  certain  classes  are  specially  liable  to  contract 
anchylostomiasis,  namely,  those  who  handle  earth,  such  as  brickmakers,  and 
those  engaged  in  mining,  tunnelling,  and  in  general  agricultural  operations. 
These  considerations  indicate  that  prevention  demands  attention  to  rules! 
applying  both  to  the  individual  and  to  the  community.  The  principal 
personal  rules  will  be,  careful  washing  of  the  hands  and  nails  before  eating,: 
whenever  mud  has  been  handled ;  and  the  drinking  of  only  filtered  or 
boiled  water.  For  the  community,  care  needs  to  be  taken  that,  in  endemic: 
areas,  indiscriminate  defecation  over  the  country  is  not  practised  ;  suitable 
disinfection  of  the  infected  dejecta  should  be  insisted  on,  and  simple  pre- 
cepts of  prevention,  suited  to  the  understandings  of  native  people  in  whom 
this  parasite  so  extensively  prevails,  promulgated. 

Rhabdonema  intestinale.— This  nematode  was  discovered  by  jNormandi 
in  excrements  passed  by  French  soldiers  sufi"ering  from  the  so-caUed  Cochin: 
China  diarrhoea.    It  has  since  been  found  in  the  West  Indies,  Brazil,  Egj^pt. 
Ceylon,  Italy,  and  Germany,  and  commonly  associated  with  anchylostoma.^ 

Of  the  adult  parasitic  form,  only  the  female  is  known.  She  is  a  thin 
slender  worm:  about  2  mm.  long,  the  breadth  being  about  -^V  of  the  length, 
(fio-  105)  in  the  intestine  the  embryos  are  quickly  hatched  from  eggS: 
expeUed  by  the  worm,  thus  diff"ering  markedly  from  anchytostoma  whosei 
embryos  are  only  hatched  after  the  eggs  are  voided  from  the  humau' 
intestine.  The  embryos,  which  are  to  be  found  in  large  numbers  m  the 
deiecta  of  affected  persons,  are  about  0-3  mm.  long,  and  15  /x  thick,  iliey 
possess  a  sharp-pointed  tail,  and  being  rhabditiform,  have  a  short  oesophagus 
with  two  dilatations,  resembling  somewhat  the  embryos  of  anchylosform. 
When  discharged  with  the  faeces,  on  these  decomposing,  the  embryos  rapidly 
die  But  if  they  gain  access  to  foul  water,  the  embryos  live  and  assume  one 
of  two  different  forms  of  development,  according  to  the  temperature  Unrter 
alow  temperature  (20°  C.)  they  become  filariform  larvffi,  capable,  if  direc 
re-introduced  into  man,  of  growing  into  the  adult  parasitic  form,  witlu^. 
alternation  into  the  adult  free  form.  Under  a  Inghev  temperature  (30  I  • 
the  embryo  grows  into  the  adult  free  form.    This  was  formerly  calk  a 
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Angtdllula  stercoralis,  and  consists  of  males  and  females.  It  is  shorter  and 
thicker  than  the  parasitic  form.  From  these  breed  rhabditiform  embryos, 
hke  those  from  the  parasitic  worm,  and  these  embryos  then  grow  into  filari- 
[  f orm  larv£e,  which  only  need  introduction  into  the  human  intestine  to 
develop  into  the  adult  parasitic  form.  The  source  of  infection  by  this 
parasite  is  probably  the  same  as  in  anchylostoma,  namely,  soil  or  foul  water. 
Filarise  sanguinis  hominis. — There  are  three  definite  species  of  embryo 


F  Fig.  \<)Z.~Rhahdonema  intestinale  (after  Sonsino).    a,  Adult  female  parasitic  form  ;  h, 
Embryonic  form  ;  c,  Male  adult  free  form  ;  d,  Female  adult  free  form  ;  e,  Larval  form. 

nematodes  which  have  been  found  in  the  blood  of  man,  and  to  which  the 
term  Filaria  sanguinis  hominis  may  be  appropriately  applied.  Adopting 
the  nomenclatiu'e  suggested  by  Manson,  to  whose  writings  and  investigations 
^e  are  mairdy  indebted  for  the  following  facts,  the  three  species  of 
Mematozoa  are  Filaria  nocturna,  Filaria  diunia,  and  Filaria  perstans. 
•uiese  names  have  been  given  on  the  basis  of  certain  individual  peculiarities 
of  habit  characteristic  of  each  of  the  three  species.  Thus,  F.  nodurna  is 
present  in  the  general  circulation  only  during  the  night,  F.  diurna  only  so 
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during  the  day,  while  F.  perstans  is  present  both  by  night  and  day.  It  is 
essential,  for  a  right  comprehension  of  the  somewhat  complicated  subject 
of  blood  filaric^,  to  grasp  the  fact  that  all  these  organisms  are  only  the 
embryos  of  certain  other  and  mature  parasites,  which  live  and  breed  in 
remote  parts  of  the  body,  and  that,  though  the  embryos  may  swarm  within 
the  blood,  it  is  not  necessary,  in  fact  is  exceptional,  for  the  parent  forms  to 
be  present  in  the  circulation.  ,    -,  i 

As  seen  in  freshly  drawn  blood  the  Filarice  sangmms  are  slender,  long, 
transparent,  and  snake-like  animals  endowed  with  great  activity.  In  the  (] 
case  of  F  nodurna  and  F.  diurna,  this  activity  is  exliibited  chiefly  as  a 
constant  lashing  and  wriggling  without  forward  movement :  whereas,  with 
F  perstans,  the  wriggling  is  combined  with  a  vermicular  movement  leading 
to  distinct  locomotion.  The  characteristic  features  of  the  three  filariSE  are 
well  described  in  the  following  table  by  Manson. 


Filaria  nocturna. 


FUaria  diurna. 


Measures  1^"  x  s-stst,"- 

Is  provided  with  a  sheath. 

Caudal  end  tapers  gradu- 
ally for  one-eighth  or  one- 
fifth  of  the  length  of  the 
animal  and  ends  in  a 
sharp  point. 


Cephalic  end  rounded  off, 
and  has  obscure  pouting 
movements  produced  by 
the  movements  of  a  six- 
lipped  prepuce. 

From  time  to  time  a  thick 
tongue-like  organ,  pro- 
vided with  a  delicate 
reti-actile  spine,  is  pro- 
truded at  cephalic  end. 

Appears  in  the  blood  at 
night,  disappearing  from 
it  during  day. 

Has  a  wriggling  but  no 
locomotive  movement. 

"Well-marked  granular  ag- 
gregation about  the  juuc- 
tion  of  the  middle  with 
the  posterior  third  of  the 
body  in  some  specimens. 


Has  a  V-shaped  organ  or 
luminous  point  behind 
the  head.  Possibly  is  a 
rudimentary  vagina.  • 


FUaria  perstans. 


Measures  yV"  ^  tsW 
thereabouts. 

Is  provided  with  a  sheath. 

Caudal  end  tapers  gradu- 
ally for  one-eighth  or 
one-fifth  of  the  length 
of  the  animal  and  ends 
in  a  sharp  point. 


Cephalic  end  rounded  off, 
and  has  distinct  pouting 
movements.  Minute 
anatomy  not  known. 


Minute     anatomy  not 
known. 


Appears  in  the  blood 
during  the  day,  disap- 
pearing from  it  at  night. 

Has  a  wriggling  but  no 
locomotive  movement. 

Slightly  marked  granular 
aggregation  about  the 
junction  of  the  middle 
with  the  posterior  third 
of  the  body  in  some 
specimens. 

Has  a  V-shaped  organ  or 
luminous  point  behind 
the  head.  Possibly  is  a 
rudimentary  vagina. 


Has  no  sheath. 

Caudal  end  tapers  more 
gradually  for  two-thirds 
of  the  entire  length  of  the 
animal,  and  is  abruptly 
truncated  where  it  be- 
comes reduced  to  one-third 
of  the  diameter  of  the 
thickest  part  of  the  body. 

Cephalic  end  is  either  conical 
or  truncated,  passing  from 
one  shape  to  the  other  by  a 
peculiar  j  erking,  extending 
and  retracting  movement. 

From  time  to  time  a  minute 
tongue-like  organ,  pro- 
vided with  a  retractile 
spine,  is  protruded  and 
withdrawn  at  cephalic  end. 

Present  in  the  blood  both  by 
day  and  by  night. 


Has  a  locomotive  as  well  as 
a  wriggling  movement. 

Body  homogeneous  through- 
out, and  no  such  aggrega- 
tion. 


Has  no  V -shaped  organ. 
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All  these  filariffi  exhibit  a  great  tenacity  for  life,  and  can  be  seen  alive  for 
many  days  in  ordinary  slides,  provided  the  blood  be  kept  fluid  by  oiling  the 


Fig.  106. — Filaria  sanguinis  hominis  diurna.    x  160. 


Fig.  'i-07.— Filaria  sangioinis  Jiominis  perstans.     x  160. 


f  filarl?  -glass.    Mackenzie  has  shown  that  the  curious  phenomenon 

leeDinfi^i"  'V"^^  ^""^  connected  with  the  quotidian  habi 

Pmg  and  waking;  and  that  if  this  habit  of  the  host  be  inverted, 

2  Q 


so  IS 


f 
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the  periodicity  of  the  filarial  parasite  inverted.  The  precise  cause  of  this 
periodicity  is  not  known,  but  there  is  reason  to  think  that  it  is  neither  due 
to  any  intermittent  parturition  on  the  part  of  the  parent  Alana,  nor  to  any 
deficiency  of  oxygen  in  the  blood,  as  has  been  suggested  by  Myers,  but 
rather  that  it  is  an  adaptation  to  the  habits  of  their  intermediate  hosts. 

The  life  history  and  parental  forms  of  these  filariee  have  only  been 
determined  in  regard  to  one  of  them,  namely,  the  F.  nodurna  The  parent 
worm  of  this  embryo  is  a  peculiar  nematode,  usually  associated  with  chyluria 
Id  elephantiasis,  and  kiown  as  the  Mlaria  BancrofU.  As  regards^e 
mature  forms  of  F.  diurna  and  F  perstans  practically  nothing  is  known, 
Zugh  Manson  has  suggested  that  possibly  the  long  but  imperfectly  k^own 
FUaria  loa  may  be  the  parent  form  of  F  dzurna-  -^nd  that  certain 
hom  nivorous  files  with  diurnal  habits  may  be  its  intermediary  host 
MaTison  has  found  a  new  and  smaller  variety  of  F  sangmms  Iwmtms  m  a 
West  Indian  patient. 


Fig  S108  —FUaria  sanguinis  hominis  nodurna.    x  160. 
raaria  Bancrofti.-This  is  the  mature  or 
having  its  habitat  in  the  ,7^"'^  "f, 4  a^^^^^^^^  ^t  .s 

is  simple  circuK  -jf /-^^j't^if  i^rSe  £t  po  ntd.  with  annsimme- 

embryos  on  escaping  from  the  parent  the 
periodically  into  the  blood  "^^a   Sgr  "ion        the  blood  i 

s;=y'r:dapTr'to  srh^srof" Wto,  .hich .  * 
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intermediate  host  of  this  parasite.    The  mosquito,  as  everyone  knows,  is 
most  active  at  night,  and  when  it  hites  the  human  host,  these  filarise  either 
curl  round  or  become  entangled  on  its  jDroboscis,  and  are  then  quickly- 
transferred  to  its  stomach.    The  greater  number  of  the  filariae  so  swallowed 
by  the  mosquito  are  digested  or  destroyed,  but  a  certain  few  undergo 
".  development  inside  its  body,  and  when  the  mosquito  retires  to  some  water 
.  to  lay  eggs,  or  to  eventually  die,  these  filariae  which  have  developed  inside 
I  its  body  pass  out  by  boring  into  the  water,  whence  they  get  swallowed  by 
1  man.    Once  inside  the  human  stomach,  the  filarise  bore  their  way  into  the 

■  lymphatics,  finally  reaching  their  permanent  abode  in  some  distant  lymph- 

■  vessel,  where,  as  the  Filarice  Bancrofti,  they  give  rise  to  chyluria  and 
elephantiasis,  and  breed,  their  progeny  passing  into  the  blood  as  before 

■  explained,  till,  released  by  the  mosquito,  they  in  their  turn  can  complete 
\  their  circle  of  development. 

Filaria  loa. — Very  little  is  known  of  this  parasite,  although  it  is  by  no 
!  means  uncommon  on  the  West  Coast  of  Africa.  It  chiefly  affects  the 
•  subcutaneous  tissues,  being  possessed  of  considerable  powers  of  locomotion. 

It  is  often  found  in  the  loose  cellular  tissue  beneath  the  conjunctivae,  where 
:  it  creates  much  irritation.  Leuckart  gives  the  length  of  this  worm  as  from 
130  to  40  mm.,  with  the  thickness  of  a  fiddle-string.    One  end  is  pointed, 

the  other  blunt,  the  latter  probably  being  the  head,  as  it  is  provided  with  a 
I  prominent  papilla  but  no  special  armature.  Nothing  is  known  of  its  life 
I  history,  but  Manson,  from  the  fact  that  it  had  been  present  at  a  previous 
;  date  in  a  negro  in  whose  blood  he  afterwards  found  F.  cUurna,  has  suggested 
I  that  F.  loa  may  turn  out  to  be  the  female  parental  form  of  F.  diurna. 


CESTODA. 

The  Cestodes  include  the  great  group  of  tapeworms,  which  in  reality  are 
I  a  multitude  of  organisms  or  zooids,  arranged  in  single  ~ 
1  file.    The  head  itself  is  merely  the  topmost  zooid, 
-modified  in  shape,  and  armed  with  sucking  discs,  so  as 
■  to  form  a  means  of  anchorage  for  the  whole  colony.  An 
1  ordinary  human  tapeworm  consists  of  about  a  thousand 

zooids  or  proglottides,  each  of  which  is  sexually  com- 

iplete,  and,  when  mature,  capable  of  generating  about 
'  30,000  eggs.    Assuming  that  the  entire  colony  of  a 

thousand  zooids  is  renewed  every  three  months,  it  fol- 
lows that  a  single  tapeworm  annually  disperses  about 

•  120,000,000  eggs.     Fortunately,  compared  with  the 

quantity  distributed,  the  number  of  eggs  that  survive 

and  come  to  perfection  as  tapeworms  is  infinitesimally 

small.    The  chief  cestodes,  parasitic  to  man,  are  the 

lollowmg:  

_  Taenia  saginata,  sometimes  called  T.  mediocanellata, 
IS  tlie  only  cystic  tapeworm  with  an  unarmed  head 
wnich  occurs  in  man.  It  is,  at  the  same  time,  the 
argcst  of  the  human  taeniae,  being  about  8  metres  long 
^viien  extended,  and  composed  of  from  1000  to  1300 
•^egments.  .  These  segments  are  remarlcable  for  their 
length,   and    firm   appearance.      The  largest 

^^■•eadth.    Tlie  head  of  this  parasite  is  bookless,  has  a     ^V^.^J:^  °' 
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flattened  crown,  Avitli  a  pit-like  lioUow  in  the  middle,  and  has  four  large 
and  very  powerful  suckers,  which,  however,  usually  project  only  slightly  and  , 
are  frequently  sin-rounded  by  a  black,  broad,  pigmented  border  (fig.  109). 

The  complete  development  of  the  germ-producing  organs  takes  place  at 
about  the  600th  segment,  while  the  embryos  only  attain  maturity  at  about 
the  1000th  segment.    Each  segment  contains  male  and  female  organs, 
while  the  number  of  so-called  "ripe"  segments,  present  at  any  one  time, 
averacres  about  200.    The  new  formation  or  growth  of  the  segments  is  so 
rapid1)hat  some  ten  proglottides  are  separated  daily,  even  when,  as  is  the 
rule,  only  a  single  worm  is  present.    The  eggs  of  this  worm  (fig.  5, 
Plate  XI  )  have  a  thick  shell,  with  a  border  of  httle  rods.     They  are 
aeneraUy  oval,  and  provided  with  the  primordial  yolk-skin;  their  average 
size  is  0-03  mm.    The  normal  abode  of  this  parasite  is  the  smaU  intestine, 
to  the  walls  of  which  it  is  fixed,  usually  towards  the  upper  end.  ihe 
precise  duration  of  its  life  is  undetermined  but  seems  to  be  very  long 
The  eggs  are  commonly  expelled  with  the  dejecta  of  the  host,  and  the 
contained  embryo  does  not  undergo  further  development  unless  it  obtam 
access  to  the  alimentary  canal  of  the  ox.    From  here  the  embryo  passes 
in  o  the  voluntary  muscles  of  the  animal,  where  it  remains  as  a  bladder- 
worm,  a  simple  scolex,  known  as  the  beef-measle  or  Gy^Ucercus  ^o^^-  J^ 
ox  affected  with  this  parasite,  that  is,  acting  as  the  intermediate  host  for 
ti^  T  saginata,  may  contain  many  hundreds  of  the  cysticerci  or  bladder- 
worms   within  its  muscles.    On  the  flesh  of  the  animal  (either  raw  or 
rmTrfectiy  cooked)  so  affected  passing  into  the  alimentary  canal  of  laan 
Xe  bladder-worms  develop  into  the  sexuaUy  complete  adult  form  known  as 

'^''SecSreln  Abyssinia  and  the  Punjab  appear  to  "--^Vffrf-^^ 
with  the  cysticerci  of  the  T.  saginata,  this  parasite  being  by  far  the  mo^^ 
Tommon  of  the  tapeworms  found  in  man  in  those  countries.  Tlie  oi^y 
arTal,  besides  the  ox  and  goat,  which  has  hitherto  exlnbited  the  bladder- 
worm  of  T.  saqinata,  is  the  giraffe.  .  .    ..^   ^  . 

How  long  the  b  adder-worm  of  T.  saginata  remains  living  in  its  host 
P.nnot  at  present  be  decided,  but  we  may  reckon  the  length  of  its  stay 
Zre  at  several ^^^^^^^  It,  however,  survives  only  some  fourteen  days  after 
hrdetth  of  its^  host,  and  if  the  parts  putrefy,  wiU  only  survive  a  stdl 
SorterlLe.    As  regards  the  term  of  infection  in  ^--^ -^f^!J^TJZ\t 


S:wSs  ^^2^^'^^  ^'cysU^cus  before  the- 
'Z^S^^^ISm  -ally  regarded  as  the  commoa 

f Si    ZsSe  '„  ihe  gre^L  segments  is  about  12  rm^ 

proglottides    The  sue  01  m   g  ^.^^  ^ 

by  5  mm.    ine  neaa  (^ng.  a/";  ^  -      r.  coloured 

segment.    The  eggs  (fig.  0,  iiate  ax  ;  Sometime  - 

firm  shell,  whose  outside  is  covered  .«;"^\^[ 
the  original  clear  egg-membrane  persists  within  the  shell. 
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development  and  life  liistory  of  this  i^arasite  is  analogous  to  that  of 
.  T.  saginata,  'with,  the  exception  that  the  corresponding  bladder-worm 
(CysUcercus  cellulosce)  has  a  special  preference  for  the  muscles  of  the  pig, 
but,  according  to  Leuckart,  is  occasionally  found  in  other  animals.  Its 
-occm-rence  in  the  pig  is  usually  very  abundant,  where  it  constitutes  measly 
>pork  (fig.  111).  The  great  majority  of  the  cysticerci  average  between 
S  3  and  4  mm.  in  size,  but  some  are  larger,  others  again  are  smaller.  They 
uare  killed  by  exposure  to  a  temperature  of  50°  C. 

It  must  not  be  overlooked  that,  although  the  pig  is  the  most  frequent 
liatermediate  host  for  this  bladder-worm,  man  himself  may  become  the 
rintermediate  bearer,  as  tliis  cysticercus  develops  also  within  the  human 
body.  The  above  fact  leads  us  to  the  question :  By  what  way  does  man 
)ibecome  infected  by  these  embryos?  An  infection  by  some  means  must 
iiprecede  the  appearance  of  cysticerci,  and  its  channel  can  only  be  by  the 
JaHmentary  canal.    The  most  direct  and  frequent  source  of  infection  is  in 


Fig.  110.— Head  of  T.  solium 
(after  Leuckart). 


Fig.  111. — Muscle  containing  Cysticerci 
cellulosoD  (after  Leuckart). 


hthe  eggs,  which  are  dispersed  about  the  abode  of  the  tapeworm,  and  also 
mdely  distributed  in  the  open  air  with  the  excrement.  These  may  reach 
tmans  digestive  tract  either  by  water,  food,  or  by  the  hand.  This  latter 
ftehicle  of  mfection  is  by  no  means  unknown  in  the  case  of  children  and 
.{,•  ^"^^i^e,  while  the  normal  adult  tapeworm  patient  may  readily  infect 
ammself  with  the  proglottides  of  T.  solium  during  sleep,  by  lifting  the  hand 
to  the  mouth. 

'llese  considerations  suggest  the  special  need  of  cleanliness  when  an 
muate  of  the  house  suffers  from  this  parasite.  The  linen  of  the  patient 
!w?>,  1  changed,  the  buttocks,  perineum,  and  hands  frequently 

iZith    I        excreta  carefully  removed,  and  all  voided  proglottides  burnt 
lavT?  ,  r^^^^^"g        hands.    Of  all  persons,  the  patient  is  himself  in 
self  if  r        °^  infection.    The  experimental  evidence  of  this  danger  of 
land T^^  ^^^^  supplied  by  Kiichenmeister,  who  reared  both  mature 

immature  ttEuia  of  this  species  in  condemned  criminals ;  while,  under 
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Leuckart's   auspices,   several  persons  voluntarily  allowed  themselves  to 
become  infected  by  swallowing  fresh  and  living  pork  measles. 

Tsenia  acanthotrias. — This  is  a  somewhat  uncommon  parasite  of  man,  and 
has  hitherto  only  been  observed  in  America.  Only  the  bladder-worm  is  as 
yet  known,  being  very  like  Cysticercus  cellulosce,  and  having  its  habitat  in 
the  muscles  and  brain  of  man.  "  It  is  distinguished  by  the  arrangement  and 
structure  of  the  hook  apparatus,  which  is  composed  of  a  triple  circle  of  from 
fourteen  to  twenty-six  slender  hooks."  Leuckart  and  Weinland  both  main- 
tain that  this  Cysticercus  acanthotrias  represents  an  independent  species. 
The  related  Tse-nia  is  unknown,  but  it  probably  Uves  in  the  human  intestme 
Hke  T.  solium  ■  if  so,  the  bladder-worm  may  possibly  be  found  m  some 

animal,  such  as  the  ox.  ^      -,    •  i  j 

Ecliinococcus  hominis.— Man  is  occasionally  affected  with  a  dangerous 
parasite  under  the  name  of  hydatid  disease,  which  commonly  affects  the 
liver,  but  may  occur  elsewhere.  It  is  reaUy  the  cysticercus 
stage  of  a  tapeworm,  which  Hves  in  the  intestines  of  the 
dog,  jackal,  and  wolf,  and  called  the  Toinia  echinococcus. 
The  adult  tapeworm  (fig.  112)  is  of  comparatively  small 
size,  its  total  length  being  only  some  5  millimetres;  it 
has  only  three  or  four  segments,  of  which  the  last,  when 
mature,  exceeds  aU  the  rest  of  the  body  in  size.  Its  head 
is  characterised  not  merely  by  its  small  size,  but  also  by 
the  possession  of  a  prominent  crown  which  surrounds  the 
bulging  rostellum,  on  which  are  from  28  to  50  tliick  solid 
hooks,  arranged  in  two  series. 

Behind  the  four  suckers  the  head  narrows  to  a  nec^ 
which  then  passes  into  the  unsegmented  anterior  part  of 
the  body.    The  first  segment  is  but  faintly  differentiated; 
the  second  is  defined  and  contains  elementary  sexual  organs. 
The  third  and  last  segment  exhibits  all  the  characters  of 
sexual  maturity,  and  contains  some  500  spherical  bard- 
ie .0  shelled  eggs,  in  which  are  the  famihar  six-hooked  embryos. 
Fi-.  U2.-Tcenia  Before  the  last  or  ripe  segment  is  liberated,  a  new  joint 
°ecJdnococcus     appears;  so  that,  for  awhile,  four  proglottides  are  ois- 
(after  Leuckart).  tinguishable  instead  of  three.  .       f  ^^ 
On  the  escape  of  the  eggs,  the  contained  embryo  does  not  undergo  turtner 
development  unless  received  into  the  body  of  the  pig,  ox,_or  possibly  some 
other  animals,  and  man,  in  whom,  after  burrowing  to  various  V^'^^^^J^^ 
body  more  particularly  the  liver,  it  assumes  the  larval  stage  of  a  cystzc^^^ 
or  hydatid  cyst.    Unlike  other  cysticerci,  this  bladder-worm  increases 
indefiSy  incize,  and  also  forms  .vithin  itself  secondary  cysts,  some  o 
which    the  so-called   brood-capsules,  contain   one   or  ^^^'^^  .^^f 
sconces)  and  remain  minute,  while  others,  containing  no  scolex,  enlarge 
Sori  other  or  daughter  cysts,  which  again  -^^^  ^^^^^^^^ ^1^/^ 
process  of  budding.    Separately,  these  scolices,  ^ ^^^j^ JX*,^^"; '^^^^^^^^ 
iysticercus,  represent  as  many  tapeworms,  and  collectively  ^l^cJ jmioun 
many  thousands.    Thus,  when  a  dog  or  a  wolf  swallows  one  of  these  j  dau 
rpL'and  its  contaiiied'oifspring,  all  the  heads  of  c^^^^^^^^^^^ 
/erted  into  sexually  mature  T  ech^nococc^  m  the  J^^ef  me  of  th^  i 
This  metamorphosis  of  the  echinococcus  heads  into  f  P^^^'^H  in  mlture 
with  great  rapidity.    Leuckart's  feeding  expenments  ^'^^^^  ?f ^^^^^^^^^^ 
worms  being  found  in  the  seventh  week.  _  How  long  the  adult 
is  not  known,  but  analogy  suggests  1^^%}'^  1^^%'^^^^^^ 
intestine  of  the  dog  is  not  very  short.    Since  the  T.  eclnnococais  i 
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inhabits  the  intestine  of  the  dog,  and  the  dog  is  one  of  the  few  animals  in 
closest  association  with  man,  we  are  justified  in  regarding  this  animal  as  the 
only  source  of  the  human  echinococcus  disease.  It  is  not  difficult  to  under- 
stand how  cattle  become  infected ;  for  the  proglottides  and  eggs  of  the 
echinococcus  tapeworm,  voided  so  constantly,  and  in  such  large  numbers,  by 
the  dog,  readily  find  access  to  straw,  grass,  or  even  water,  and  with  those 
articles  of  food  and  drink  are  consumed  by  the  oxen.  In  the  case  of  man, 
possibly  the  sequence  of  events  is  not  much  different.  As  with  cattle,  both 
proglottides  and  eggs  of  the  tapeworm  from  the  dog  may  in  many  ways  be 
carried  in  food,  especially  uncooked  vegetables,  such  as  lettuces,  or  on  the 
hands  to  the  mouth,  and  thus  reach  the  intestine.  Probably  a  greater  risk 
of  infection  lies  in  the  habit  which  dogs  have  of  licking  the  hands  and  faces 
of  their  masters,  and  that  often  after  they  have  been  smelling  and  snuffing 
about  other  dogs.  These  are  considerations  which  should  prevent  our  too 
famiHar  association  with  dogs,  more  particularly  to  avoid  their  licking  us, 
and  frequenting  dwelling-rooms  or  kitchens.  More- 
over, full  precautions  should  be  taken  to  prevent 
infection  of  dogs  by  embryos  of  echinococcus,  as  may 
occur  in  slaughter-houses,  where  the  so-called  bladder- 


worms,  or  echinococcus  cysts,  from  slaughtered  and  in- 
fected animals  are  often  carelessly  thrown  down.  It  is 
needless  to  say  that  dogs  eating  such  echinococcus  bladders 
would  soon  develop  them  into  sexually  mature  echino- 
coccus tapeworms. 

Taenia  nana. — Judging  by  the  few  cases  which  have 
been  observed,  this  is  an  uncommon  parasite  of  man.  It 
was  originally  discovered  by  Bilharz  in  Egypt,  who 
describes  it  as  being  a  small  tapeworm,  from  12  to  20  mm. 
long,  and  with  a  maximum  breadth  of  half  a  millimetre. 
The  front  half  of  the  body  is  threadlike,  but  posteriorly  it 
enlarges  somewhat  quickly.  The  head  is  spherical  and 
bears  four  suckers  and  a  central  rostellum,  provided  with 
a  single  circle  of  from  22  to  28  extremely  small  hooks. 
The  number  of  segments  is  not  more  than  170,  of  which 
the  last  contain  thirty  or  more  ripe  eggs.  Each  segment 
is  very  short,  being  about  four  times  as  broad  as  long. 
The  eggs  (fig.  7,  Plate  XL)  are  oval,  with  a  thick  but  not 
radially  striated  shell.  They  measure  from  30  /a  to  50 
in  length,  and  40  /x.  in  breadth. 

_  Very  little  is  known  of  the  life  history  and  origin  of 
this  worm,  but,  arguing  from  what  is  known  of  some  allied 
species,  it  is  supposed  that  the  larval  stage  is  passed  in 
some  insect  or  snail. 

Taenia flavo-punctata. — This  is  another  very  uncommon 
human  parasite.  Its  length  is  about  1  foot.  The  front 
balf  of  the  animal  consists  of  unripe  segments,  each  of 
which  exhibits  posteriorly  a  central  yellow  spot :  this  is  the 
distended  receptamlum  seminis.  In  the  posterior  half  of 
the  body  the  segments  are  longer  and  broader,  and  without 
the  yeUow  spot.  In  this  situation  the  segments  are  of 
a  brownish-grey  colour,  owing  to  the  abundant  de- 
velopment of  eggs.  The  eggs  are  very  large  (fig.  8,  Plate  XL),  having  a 
aiameter  of  some  70  millimetres.  They  have  a  smooth  double  envelope, 
■Which  under  high  power  can  be  seen  to  be  radially  striated.    Nothing  is 


Fig.  nZ.—Tcenia 
nana  (after  Leuck- 
art). 
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known  of  the  life  history  of  this  worm :  nor  has  its  head  been  satisfactorily 

^^^Teenia  Madagascariensis.— This  intestinal  cestode  has  only  been  met 
with  in  warm  climates.  It  reaches  a  length  of  about  20  cm.,  with  a  breadth 
of  9-5  mm  It  has  usually  100  segments,  in  the  interior  of  which  are  a 
number  of  smaU  oval  bodies,  arranged  in  transverse  rows  alternating  with 
each  other,  but  without  touching  at  any  point.  These  are  baUs  of  eggs,  and 
amount  in  each  proglottis  to  quite  150:  the  number  of  eggs  m  each  ball 
beinc^  about  400.  The  head  of  this  worm  has  a  rostellum  with  about  ninety 
hooks.'   The  worm  itself  has  only  been  met  with  in  children,  and  its  hfe 

historv  is  unknown.  .  . 

Tffinia  cucumerina.— This  species  of  tapeworm  is  most  frequent  m  cats 

and  dogs;  it  has  also  been  found  in  young  children  Fig  shows  this 
ana  uug  ,  ^^^^^       .^^  ^^^^^^^^  ^.^^^  ^^^^      club-shaped,  with 

a  rostellum  surrounded  with  four  rows  of  hooks,  mile 
the  first  forty  segments  are  insignificant  in  size,  the  re- 
mainder lengthen  so  much  thab  they  ultimately  become 
four  times  as  long  as  they  are  broad :  the  corners  of  these 
proglottides  are  rounded.  The  ripe  segments  are  of  a  red 
colour  from  the  masses  of  brownish  eggs  shimng  through. 

The  intermediate  host  of  T.  cucumerina  is  the  dog  and 
cat  louse,  in  which  it  passes  its  larval  condition  as  a  cysti- 
cercoid  The  probable  life  history  is  somewhat  as  ioUows. 
The  eggs  of  the  adult  tapeworm  make  their  way  sooner 
or  later  from  the  excreta  to  the  hairy  skin  of  the  cat  or 
doer  and  thence  to  Trichodectes  or  Uce  hvmg  upon  it,  m 
the 'interior  of  which  insects  the  eggs  change  into  cysti- 
cercoids.  Cats  and  dogs  are  constantly  Hcking  themselves 
and  devouring  the  hosts  of  these  bladder-worms ;  from 
them  the  infection  of  man  takes  place  either  from  tlie 
^  tongue  of  the  dog  which  returns  caresses  by  hcking,  or 
Fig.  114.-T~  through  the  hands  which  stroke  these  animals,  l^cliildi-en 
meMmerMia  (after  ^i^^  t^eat  both  cats  and  dogs  with  familiarity,  the  facilities 
Leuckart).  j^^.  ij^fgction  are  even  greater  than  in  adults.  _ 

portion  projects  as  a  sort  of  pad  or  ridge  In  the  rq  e 
proglottides,  the  uterus  constitutes  a  characteristic  feature 
of  this  tapeworm,  being  peculiarly  stellate  or  roset  e- 
shaped.  The  head  is  ovoid,  ^  inch  long,  and  has  U  o 
longitudinal  grooves  or  suckers,  but  no  booklet  .  il  e 
eggs  (fig.  9,  Plate  XL)  are  oval,  about  ^  mch  in  their 
ZrtL'diameter,  and  provided  with  an  opercuhini^r  1^ 
at  one  end:  the  shell  is  brown  m  colour.  The  emb^^^^^ 
„  is  a  ciliated  organism  with  six  hooks,  and,  m  the  tree 

^  state  can  live  and  swim  about  in  water  or  more  than  a 
Fig.  115.-Headof  ^^'^^^  Subsequently  the  cihated  mantle  is  discarded^ 
BothriocephaluslatuB  jj^termediate  host  of  this  worm  is  believed  to  be 
certain  kinds  of  fresh-water  fish,  particularly  the  pike  "^^^^^^^ 
embryos  enter  directly  ^^X^'  f^^J^  f 
^avo^fatdNhe  ^  ^-f  this  tapeworm  in  the  p^^e 


TEEMATODA. 


617 


md  turbot  are  sufficiently  definite  to  warrant  tlie  belief  that  tlie  intermediate 
lost  is  one  of  these  fishes.  Possibly  there  may  be  two  intermediate  hosts, 
he  first  being  an  aquatic  invertebrate. 

As  found  in  the  pike,  the  larval  worm  of  Bothriocephalus  latus  is  not 
■ystic,  but  round,  long,  narrow  and  distended.  Its  length  varies  in  this 
:tage  from  1  to  2-5  mm.  Not  only  in  man,  but  in  cats  and  dogs,  feeding 
'xperiments  have  given  positive  results. 


TEEMATODA. 

The  members  of  this  group  are  popularly  called  flukes,  from  the  fact  that 
he  commoner  species  are  flat,  like  the  flukes  or  blades  of  an  a,nchor.  The 
lame  '  trematodes '  was  given  them  because  they  exliibit  perforations  or 
lores  {trema,  a  pore)  which  we  now  recognise  as  suckers.  The  flukes  are 
isuaUy  of  small  size,  the  largest  being  not  more  than  3  inches  in  length, 
lud  the  smallest  scarcely  visible  to  the  naked  eye.  Sexually,  they  are  for 
he  most  part  hermaphrodites,  but  in  some  the  sexes  are  separate.  Most 
>f  them  have  a  simple  divided  intestine  Avith  two  csecal  ends. 

Fasciola  hepatica. — Tliis  is  the  common  fluke,  and  measures  from  half 

0  three-quarters  of  an  inch  in  length.  Its  habitat  is  in  the  gall  ducts  and 
(all-bladder  of  man,  of  sheep  and  other  ruminants.  The 
lumber  of  cases  of  human  infection  by  this  parasite  are 
lot  large,  but  they  are  sufficiently  nimierous  to  indicate 
hat  it  may  be  the  cause  of  severe  disorders,  though  not 
ihvays  fatal.  The  free  life  of  the  embryos  is  generally 
;hort,  and  in  place  of  making  their  way  into  some  inter- 
uediate  host,  such  as  one  or  more  species  of  fresh-water 
;nails,  as  do  some  allied  forms,  the  embryos  become  encysted 
ipon  water  plants  and  other  objects,  attached  to  which  they 
ire  transferred  to  their  final  host,  in  whose  body  they 
tttain  maturity.  The  eggs  of  F.  hepatica  (fig.  10,  Plate 
^I.)  possess  a  thin  brownish  shell ;  they  are  operculated, 
md  measure  140  /x  by  90  jx. 

Distomnm  lanceolatum.-This  is  the  smaUest  common  f^i^^^ 
European  fluke,  being  about  one-third  of  an  inch  long,  and  in  (after  Leuckart). 
-he  few  cases  in  which  it  has  been  found  in  man  has  been 
)nce  associated  with  the  last  species.    Its  life  history  is  not  accurately 
Jnown,  but  is  similar  to  that  of  F.  hepatica.    The  eggs  of  this  parasite 
neasure  from  40     to  45  /a  in  length  by  about  20  /a  in  breadth ;  they  have 

1  thm  brown  operculated  shell,  and  generally  contain  an  already  formed, 
jartially  ciliated  embryo  (fig.  11,  Plate  XL). 

Distomum  sinense  and  D.  conjunctum.— The  first  of  these  is  a  small 
Hike,  measuring  seven-tenths  of  an  inch  in  length,  and  found  infesting  the 
ivers  of  Chinese  and  Japanese,  in  whom  it  often  causes  a  severe  hepatitis, 
ts  cercana,  or  larval  stage,  is  not  known,  but  probably  infests  a  fresh-water 
noUusc.  The  eggs  of  the  entozoon  are  oval  with  a  double  contour  and  an 
•perculum.    Their  average  size  is  about  30  jx,  or  say  y^^th  of  an  inch. 

conjunctum  is  only  three-eighths  of  an  inch  in  length,  and  has  been 
J'uml  in  the  livers  of  both  dogs  and  man.  No  more  is  known  of  its 
'  ^-  sinense.    Its  eggs  are  similar  in  shape  and  appearance 

o  mose  ot  the  latter,  the  only  distinction  between  them  being  that  the  eggs 


conjunctum  are  slightly  the  larger  of  the  two. 
Uistommn  crassmn,  sometimes  caUed  D.  Buslcu  from  the  name  of  its 
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first  discoverer,  is  the  largest  fluke  found  in  man,  measuring  from  1  to  » 
inches  in  length.  Its  favourite  habitat  is  the  duodenum.  Neither  its- 
larval  state  nor  intermediate  host  are  known,  though  this  latter  is  thought 
to  be  a  species  of  Chinese  oyster.  The  eggs  of  this  fluke  are  large,  125  /a 
by  75  fji,  thin-walled,  oval,  and  filled  with  granular  and  somewhat  higH 

refracting  matter.  . 

Distomum  heterophyes  is  a  very  minute  fluke,  measuring  no  more  tnan 
from  1  to  1-5  mm.  It  has  only  been  twice  found  in  man;  on  both 
occasions  in  Egypt.  Its  eggs  are  minute,  oval,  reddish-brown  and  with  a 
thick  shell.    Size,  about  25  /x  by  15  /a. 

Amphistomum  hominis.— Very  little  is  known  of  this  parasite,  wmcn^ 
until  now,  has  only  been  found  in  India.  The  eggs  possess  a  shell  with  an 
operculum,  are  oval-shaped,  and  measure  150  long  by  72  /x  broad.  it& 
habitat  is  the  intestine,  but  nothing  is  known  of  either  its  larval  stage  or 

^'^^  Distomum  Ringeri.— Discovered  first  by  Einger  in  North  Formosa,  it  has 
since  been  found  also  in  Japan  and  Corea,  usually  inhabiting  the  lungs, 
but  also  the  brain  and  sub-peritoneal  tissues.  It  is  a  small  oval,  tliiclc, 
reddish-brown  fluke,  measuring  about  one-third  inch  in  length  by  one-tourtH 
inch  in  breadth.  It  has  two  suckers,  the  oral,  which  is  termmal,  bemg 
sli-htlv  the  larger;  the  ventral  sucker  is  placed  about  one-third  ot  tne 
animars  length  posterior  to  the  oral  one.  This  parasite  gives  rise,  when 
situated  in  the  lungs,  to  severe  haemoptysis,  and  the  .^j^f  J^^^^^^^f 
Dulmonary  helminthiasis  depends  mainly  upon  the  recognition  of  the  ova  ot 
[ht  fluli  in  the  sputum.  These  ova  are  dark  brown  ^od" 
about  ^  inch  by  ^hr  inch.  They  have  a  plain  thick  shell,  the  broader 
endtel^I  dosed  byTlid.  Under  Suitable  conditions  of  moisture  a  cd^ate^^ 
embryo  develops  within  each  egg.    Manson,  who  has  fsel^  studied  he 

ecTgs  of  this  fluke,  considers  that,  m  water,  tJie 
embryo  distome  seeks  out  an  intermediary  host 
in  the  shape  of  some  moUusc  or  other  fresh- 
water animal;   and  "that,  after  entering  this 
either  by  being  swallowed  or  by  penetrating  its 
integument,  it  undergoes  the  complex  metamor^ 
phosis  peculiar  to  the  distomes     When  this  is 
Completed  it  is  either  swallowed  by  man,  white 
still  in  its  intermediary  host;  or,  escapmg  from 
this,  it  attaches  and  encysts  itself  on  some  A^getable 
or  other  animal,  and  there  awaits  the  chance  pf 
being  transferred  to  a  human  stomach,  from  whence 
it  afterwards  works  its  way  to  the  lungs  of  its 

worm,  which  differs  f^'o^^ /^^^^  Vf^'^^^'^Jli^ 
scribed  by  having  the  male  and  f^^iale  re^r^ 
ductive  organs  in  separate  individuals.  J^^J^^ 
is  opal  white,  and  measures  about  . 
IpncTth  by  inch  or  more  m  breadth 
f  female  is'grej  or  brownish  in  colour,  and  botix 

1  Il7.-Male  and  Female  longer  and  thinner  tlian  the  -le  worm 

the  lateral  borders  ^^^^^^^  — duft  "^^^ 
of  gynsecorphico  canal  for  the  lemaie. 
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found  ill  the  portal  vein  and  its  brandies  and  tributaries;  also  in  the 
small  veins  of  the  bladder,  ureters,  and  inferior  cava.  They  are  frequent 
in  Africa,  especially  Egypt,  the  Cape  and  Natal ;  also  on  the  coast  of  Arabia. 
There  is  likewise  evidence  to  show  that  they  occur  in  the  He  de  Bourbon, 
Mauritius,  and  Brazil. 

Located  within  the  visceral  veins,  the  adult  parasites,  if  present  in  any 
large  numbers,  will  soon  make  their  presence  felt.  If  many  worms  exist, 
a  violent  hsematuria  may  occur,  without  any  warning.  Experience  has 
shown  that,  although  hsematuria  invariably  accompanies  the  disorder,  the 
bleeding— in  cases  where  but  few  worms  exist — may  be  so  slight  as  to  escape, 
not  only  the  eye  of  the  victim,  but  even  also  that  of  the  medical  attendant. 
From  this  it  follows  that  the  presence  of  the  disease  can  only  be  certainly 
diagnosed  by  microscopic  examinations  of  the  urine  and  fgeces  to  detect  the 
eggs.  These  eggs  (fig.  12,  Plate  XI.)  are  bright  and  translucent  oval  bodies, 
with  a  smooth  surface  and  thin  non-operculated  sheU,  possessing  a  spine 
situated  ordinarily  at  one  end,  but  sometimes  laterally.  They  have  a  length 
of  0-16  mm.,  and  a  breadth  of  0-06  mm.  The  embryo  is  ciliated,  and  if 
left  in  urine  soon  dies ;  in  water,  however,  its  vitality  is  both  marked  and 
sustained.  According  to  Sonsino,  the  intermediate  host  of  Bilharzia  is  a 
smaU  fresh-water  crustacean  (amphypoda),  on  encountering  which,  in 
water,  the  free  embryo  attacks  at  a  vubierable  point,  and,  by  means  of  the 
papilla  at  its  head,  bores  and  forces  its  way  into  the  animal's  body  after 
having  rid  itself  of  its  covering  of  cilia.  Having  effected  an  entrance,  it 
proceeds  to  encyst  itself.  The  encysted  larva,  being  transferred  with  the 
crustacean  m  drinking  water  to  the  human  stomach,  is  then  set  at  liberty ; 
afterwards,  penetrating  the  intestinal  walls,  it  arrives  in  the  portal  vein, 
where,  presumably,  it  completes  its  development. 

At  one  time  it  was  suggested  that  the  re-introduction  of  this  parasite  to 
man  might  be  made  through  the  skin,  urethra,  or  anus  whilst  bathing, 
instead  of  by  the  digestive  tract,  but  in  the  face  of  the  precise  observations 
ot  bonsmo,  this  hypothesis  is  as  untenable  as  it  is  unnecessary. 
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CHAPTER  XII. 
THE  mFECTIVE  DISEASES. 

■  In  the  last  chapter,  a  brief  review  was  given  of  the  most  important  facts 
i  and  features  in  connection  with  the  various  fungi,  monadinse,  and  other 
I  organisms,  belonging  to  the  animal  kingdom,  which,  by  virtue  of  a  more  or 
!  less  marked  parasitism,  produce  some  well-defined  disorders  in  man  and 
!  animals.  There  remains,  however,  for  consideration  that  large  class  of 
1  micro-organisms — the  Schizomycetes  or  Bacteria — which,  in  the  light  of  our 
I  present  knowledge,  are  now  regarded  as  the  active  causes  of  the  infective 
I  diseases.  That  most  of  the  infective  diseases,  hitherto  analysed,  owe  their 
I  origin  to  one  or  another  species  of  these  microphytes  is  suificiently  well 
r  recognised  as  to  need  no  special  demonstration  in  this  place.  Further  the 
i  general  characters  of  bacteria,  their  general  morphology,  size,  shape, 
I  motihty,  powers,  and  mode  of  multiplication,  are  so  well  known,  and  con- 
s  stitute  so  large  a  portion  of  present  pathological  teaching,  that  detailed 
(  descriptions  under  these  respective  headings  would  be  superfluous  in  a  work 
'  of  this  kind  upon  Public  Health. 

Recognising  that  the  Prevention  of  the  Infective  Diseases  can  only 
:  rightly  result  by  a  proper  comprehension  of  their  etiology  and  natural 
:  history,  it  is  intended,  in  tliis  chapter,  only  to  enumerate  very  briefly,  and 

•  without  unnecessary  discussion,  the  chief  facts  in  regard  to  these  aspects  of 
^  some  of  the  more  important  of  the  infective  diseases.    It  is  true,  the  term 

I  infective'  is  open  to  some  criticism,  especiaUy  as  appHed  to  some 
mdividual  diseases  hereafter  to  be  considered,  but,  as  expressing  the  etio- 

•  logical  sequence  of  events  of  the  whole  class,  it  presents  advantages  wliich 
V  are  not  to  be  ignored. 

Origin  of  the  Infective  Diseases.— It  may  be  assumed  that  the  occurrence 
ot  an  attack  of  one  of  the  infective  diseases  implies  the  action  of  microbial 
Me,  or  the  products  of  microbic  life,  upon  the  affected  person;  further, 
that  the  microbe  did  not  arise  into  being  independently,  but  was  the 
progeny  of  a  simUarly  endowed  parental  microbe.  These  assumptions 
wJule  removmg  all  misconception  as  to  the  idea  of  a  possible  spontaneous- 
generation  of  disease  germs,  involve  the  acceptation  of  the  belief  that  there 
IS  an  unbroken  continuity  of  disease  descent  from  antecedent  cases.  This 
conception  of  the  origin  of  the  causes  of  disease,  if  interpreted  literally 
implies  the  belief  that  every  single  case  of  each  infective  disease  is  the 
ortsprmg  or  result  of  an  antecedent  case  of  the  same  disease.  A  little  re- 
nection  and  experience  soon  indicate  that  this  doctrine  is  too  inelastic  for 
general  acceptation,  because  certain  of  these  diseases  aff"ect  the  lower  animals 
^s  well  as  man,  and  consequently  the  antecedent  case  of  a  given  instance  of 

aJeknnr?  ''7.'"''^  ^'T""''  '"''^  =  '^S^'^'  others,  which- 

are  known  to  affect  man  only,  the  pre-existing  case  must  be  sought  in  man 
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A  fuller  knowledge  of  the  life  history  of  some  of  the  micro-organisms  of 
disease  has  shown  that  some  are  capable  of  existing  outside  the  body  for 
considerable  periods  of  time,  thriving  and  multiplying  either  upon  human 
or  animal  tissues :  others,  though  capable  of  existing  outside  the  body  for 
long  periods,  are  apparently  incapable  of  passing  through  their  hfe  cycle 
except  in  living  human  tissues— so  that  diseases  due  to  them  must  arise 
by  direct  or  indirect  infection  from  a  previous  human  case  of  the  same 

disease.  ,  .   .        ,         -i.      j  j.  ^„ 

It  is  a  matter  of  common  knowledge  that  variations  of  severity  and  type 
are  observed  between  different  epidemics,  and  between  different  periods  of 
one  and  the  same  epidemic  of  a  given  disease.  In  the  same  way,  individual 
cases  in  an  epidemic  vary  both  in  type  and  severity.  Allowing  for  possible 
differences  in  the  persons  attacked,  and  for  possible  differences  of  dose  ot 
the  virus,  there  is  always  the  possibility  of  differences  due  to  variations  of 
pathogenic  power  on  the  part  of  the  species  of  micro-organism.  This 
latter  may  result  from  a  variety  of  causes,  such  as  warmth,  light  moisture, 
and  the  suitability  or  otherwise  of  the  soil  which  they  may  happen  to 

^^^'Srection  Contagion,  and  Inoculation.— According  to  the  manner  in 
which  these  diseases  are  transmissible  from  one  person  to  another,  so  are 
they  spoken  of  as  being  either  infectious,  contagious,  or  moculable.    As  a 
certain  laxity  prevails  in  the  use  of  these  terms,  their  proper  definition  is  of 
importance.    By  Infection  is  meant  the  conveyance  of  the  poison  m  some 
indirect  way,  through  the  medium  of  the  air,  water,  soil,  food,  clothing,  &c., 
and  its  entrknce  within  the  recipient's  body  through  the  skm,  or  mucou" 
'membranes,  but  without  any  breach  of  continuity  of  surface.  Contagw 
TeSis  tiWerence  of  the  poison  by  actual  ^^^^act,  but  without  brea^^^^^ 
^irfice  in  the  recipient.    Inoculation,  on  the  other  hand,  implies  the  con 
^eyance  of  tL  poison,  either  directly  by  actual  contact  -itl^ Jhe  to 
bodv  or  indirectly  by  means  of  some  instrument  or  other  article  from  th 
affected  to  the  unlffected  person,  an  essential  feature  of  the  procediu:e  bem 
.^ome  breach  of  surface  in  the  skin  or  mucous_  membrane.    While  som 
.diSases  are  only  capable  of  being  transmitted  by  inoculation,  others  are  bot 

infectious  and  inoculable.  .  ■,•  •         (.f„.  -fn- 

Incubation.-Assuming  that  infective  matter  is  living  matter  m  the  fo 
of  a  primitive  plant  cell  capable  of  growing  and  multiplying  ^^^f^^^ ^ 
bodies  of  men  and  animals,  the  course  of  an  infective  disease  is  truly  th 


Disease. 


Chicken-pox, 
Cholera, 
Diphtheria,  . 
Diarrhcea, 
Enteric  fever, 
Erysipelas,  . 
Influenza, 
Measles, 

German  measles, 
Mumps, 
Scarlet  fever. 
Small-pox,  . 
Tuberculosis, 
Typhus  fever, 
Whooping-cough, 


Period  of  Incubation. 


10  to  14  days. 

1  to   5  ,, 

1  to   8  ,, 

1  to   4  „ 

8  to  14  ,, 

1  to   5  ,, 

1  to   4  „ 

8  to  20  ,, 

6  to  14  „ 

14  to  22  ,, 

1  to   6  ,, 

12  „ 
unknown 

6  to  14  ,, 

4  to  14  ,, 


Duration  of  Infectivity. 


3  weeks. 


1  to  2 

6  „ 

1  „ 

3  „ 

4  „ 
3  „ 

3  „ 
6  to  8  ,, 

During  the  whole  disease. 

4  „ 
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life  history,  so  to  speak,  of  a  lower  plant,  and  as  such  has  a  period  of 
development,  a  period  of  its  greatest  vigour,  aaid  a  period  of  decline  or 
death.  The  time  of  development,  or  as  it  is  usually  called,  the  period  of 
incubation,  is  a  most  important  feature  in  all  the  infective  diseases,  and  may 
be  defined  as  that  period  which  elapses  between  actual  infection  and  the 
.  appearance  of  the  first  signs  or  symptoms  of  the  disease.    This  period  varies 

h  -considerably  as  regards  different  infections,  ranging  from  a  few  hours  in  the 
case  of  some  of  them  to  weeks  in  the  case  of  others,  and  even  years  possibly 
m  one  or  two  others.  The  foregoing  table,  therefore,  may  be  regarded 
only  as  an  approximate  statement. 

For  each  different  infection,  however,  the  period  is  comparatively 
constant;  though  variation,  within  certain  limits,  occurs  in  different 
mdividual  cases  of  the  same  disease,  the  period  being  more  constant 
in  some  than  in  others.  The  incubation  period  is  an  important  fact  to 
linow  in  connection  with  all  infectious  diseases,  inasmuch  as  it  enables  us 
to  say,  when  a  person  has  been  exposed  to  infection,  that  after  the  lapse 
of  a  certain  number  of  days,  if  not  already  attacked,  that  person  is  safe  and 
may  mix  with  other  people  without  risk  to  them.  At  present  we  know 
very  little  about  the  changes  which  take  place  in  the  body  during  incubation, 
beyond  that  the  poison  is  multiplying  in  some  part  of  the  system.  The 
majority  of  these  diseases  have  a  short  and  limited  course,  ending  either  in 
death  or  recovery  more  or  less  complete.  A  few,  like  chicken-pox,  mumps, 
and  German  measles,  are  remarkably  mild  in  their  symptoms ;  but,  on  the 
other  hand,  a  few  are  liable  to  vary  greatly  in  their  intensity.  This  is 
particularly  so  with  both  scarlet  fever  and  smaU-pox.  A  general  rule  seems 
to  be  that  severity  or  mildness  holds  good  for  the  majority  of  cases  occurrin<^ 
m  a  given  outbreak,  but  that  the  severer  cases  are  more  common  in  the 

^  «arher  than  in  the  latter  part  of  an  outbreak.  Age,  sex,  race,  and  season 
also  have  an  important  influence  upon  the  severity  of  infectious  disease 
attacks.  Many  curious  facts  relating  to  the  peculiar  action  of  the  causes  of 
these  diseases  upon  the  human  body  could  be  related;  liow  in  some  cases 
only  people  of  a  certain  age  or  sex  suffer,  while  in  others  the  attacks  and 
<leaths  are  largely  confined  to  those  of  certain  descent  or  parentage  These 

'  and  many  other  points  connected  with  infectious  diseases  are  stiU  but 
imperfectly  understood. 

Manner  and  Periodicity  of  Prevalence  of  Infective  Diseases.— It  is  not 
unusual  to  speak  of  the  general  manifestations  of  the  infective  diseases  as 
lemg  either  epidemic  or  endemic.  The  term  epidemic  merely  sic^nifies  a 
tencleucy  on  the  part  of  the  disease  to  spread  over  a  large  area  of  the  earth's 
suriace,  or  m  a  given  community,  regardless  of  local  circumstances.  The 
lerm  endemtc  indicates  that  a  disease  tends  to  remain  among  the  inhabitants 
c  tL^""  n  locality,  and  is  apparently  largely  influenced  by  local  con- 
BroS  fw  ^  back  to  the  first  causes  of  these  diseases,  it  would  seem 
W  r  "^Pi^emic  diseases  are  due  to  micro-organisms  which  thrive 
min  J!"     T°  whereas  endemic  diseases  are  mainly  due  to 

JaSvTnfl      '  Y^'^f  '\  ^"^^^        '-^""^^1  therefore 

largely  influenced  by  local  circumstances. 

' :  acre  comZ/'TJ  1TT\°^  ^^n^om^  and  Whitelegge  indicate  that  the 
or  Jvcles  '^rv"'?.  ^^'"^'"^  periodic  times 

covered  bv  H.  '^  "^.^^^^f  ed  as  "a  succession  of  waves,  the  periods 

■Ce',,  Jia  V  TP"  for  different  diseases."    These  waves'  are  of 

fonner  is  n        ^^f" ^^^^^^^-the  accidental  and  the  fundamental.  The 
but  a  reflpJ  T      "^^^-^  Prevalence,  and,  as  Whitelegge  puts  it,  "probably 
reflex  of  changes  m  the  environment."    The  true  or  fundamental 
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cycle  or  wave  is  characterised  by  an  increase  of  both  prevalence  and 
severity  and  often  extends  over  a  considerable  number  of  years.  Though 
possibly'  not  altogether  independent  of  changes  in  environment,  the  true 
wave  of  periodicity  of  the  infective  diseases  is  more  probably  associated  with 
microphytic  evolutionary  processes  (mitelegge). 

Immunity  and  Protection.— One  of  the  most  striking  facts  m  connection 
with  the  infective  diseases  is  the  difference  in  susceptibiUty  to  disease  con- 
ditions exhibited  by  different  races  and  different  animals.  StiU  more 
remarkable,  perhapsi  is  the  fact  that  insusceptibility  to  a  disease  may  be 
acquired  by  an  attack  of  the  same  disease  or  by  inoculation  of  the  specihe 
organism,  or  its  products,  which  stand  in  causal  relation  to  the  disease,  in 
other  words,  immunity,  i.e.,  non-susceptibiUty  to  a  disease,  maybe  naturally 
possessed  by  a  human  bemg  or  it  may  be  acquired  either  by  passing  through 
an  attack  of  the  disease  or  by  artificial  means  of  inoculation. 

Artiiidal  immunity,  according  to  Ehrlich,  may  be  either  active  or 
passive.  Adi/oe  immunity  is  produced  by  injecting  orgamsms  either  m 
an  attenuated  condition  or  in  non-fatal  doses,  or  by  injecting  non-fatal  doses 
of  the  products  of  the  organisms.  Passive  immunity,  on  the  other  hand, 
depends  on  the  fact  that  if  an  animal  be  immunised  by  either  of  the  above 
processes,  its  serum  when  injected  into  another  ^St^T.^of  J^e 

organism  may  either  possess  the  power  of  neutralismg  the  toxmes  of  the 
organism  i.e.,  may  be  anti-toxic,  or  it  may  have  no  effect  on  the  toxmes,  but 
may  prevent  the  action  of  the  living  organism,  ^.e   it  may  be  antr-bacterial 
Active  immunity  is  usuaUy  of  long  duration  and  not  transmissible  to  the 
Foets  ;  passive  immunity,  on  the  other  hand,  is  soon  lost,  but,  wbile  Present. 
is  transmissible  to  the  foetus.    When  active  immunity  is  produced  by  th 
nSon  of  living  organisms,  the  cultures  are  usually  attenuated  either  by 
Zv  rthem  in  the^presence  of  a  current  of  air  or  oxygen,  by  passag- 
tCugh  the  tissues  of  inother  animal,  by  the  influence  of  abnormal  tempera 
tu^e?  or  by  growing  them  in  the  presence  of  weak  anti-septics.  Thes 
aSuated  cultures  are  often  called  vaccines.    Instead  of  attenuating  th 
cuZes  by  the  above  means,  non-fatal  doses  of  virulent  cultures  may  be 
iniected  in  gradually  increasing  amounts.    Active  immumty  may  also  b 
ZducedVthe  injection  of  detd  cultures.    In  some  cases  only  the  toxme 
Todu ced  ilL  bodies  of  the  organisms  are  introduced  as  when  the  vaccm 
s  obtaLd  from  the  surface  of  a  solid  medium,- m  other  cases  the  toxm 
are  also  Sected,  i.e.,  when  the  organism  is  grown  m  a  broth  culture. 

S  2— '^--It  l^as  been  found  that  the  serum  of  an  anim 
treaS  bv  -^rdudly  increasing  doses  of  the  toxine  of  a  particular  organism. 

if  wLf  rLcond  animal  against  a  certain  amount  of  the  same  toxm" 
will  protect  a  ^econa  a  «  ^^^^  ^  ^^^.^^     ^^^^  ^ 

'Tti-r    Bur  n  add-on  t^^  the  toxine  of  the  particu 

antz-toxic.    lint  ^^^^^^^^^  ^^^^  an  animal  from  infection  witl 

organism,  an  serum  prepared  by  injectio- 

similar  conditions     Such  ^^^  ^  ^^^^^^  ^  prepared 

!;S&n.'  A  srrhowever,  is  „ot  .eoessari.y  purely  antUonc  , 


ACQUIRED  IMMUNITY.  625 

\  purely  anti-microbic,  according  to  the  manner  in  which  it  is  prepared.  By 
i  injecting  living  cultures  of  the  B.  diphtheria}  into  a  horse,  anti-toxins  are 
I  produced  in  the  serum,  probably  by  the  action  of  the  toxins  manufactured 
t  by  the  bacillus  in  the  tissues  of  the  horse. 

TJie  Origin  and  Mode  of  Action  of  Anti-toxins. — It  is  not  yet  known 
Tj  whether  an  anti-toxin  is  a  bacterial  product  or  a  secretion  of  the  cells  of  the 
lihving  organism.    Smirnow,  by  electrolysing  diphtheria  cultures,  obtained  a 
p product  which  immunised   and   cured   like  diphtheria  anti-toxin;  but 
e.  electrolysed  diphtheria  cultures  have  very  feeble  curative  powers  when  com- 
P  pared  with  diphtheria  anti-toxin.    In  support  of  the  hypothesis  that  anti- 
t(  toxin  IS  derived  from  its  toxin,  Eraser  has  stated  that  the  quantity  of 
i:anti-toxin  yielded  by  an  animal  is  proportionate  to  the  amount  of  toxin 
iimtroduced.    It  has,  however,  been  observed  that  the  production  of  anti- 
ictoxm  continues  after  the  injection  of  toxin  is  suspended,  and  Koux  and 
\YadIardhave  shown  that  rabbits  actively  immunised  to  tetanus  may  lose 
im  a  short  time  a  quantity  of  blood  equal  to  their  total  content,  and  the 
uanti-toxic  power  of  their  serum  stiU  remain  the  same  as  it  was  before 
^balomonsen  and  Madsen  have  seen  the  anti-toxin  value  of  the  serum  of  an 
animal  actuaUy  rise  when  all  treatment  was  suspended.    At  the  present 
time  the  balance  of  opinion  seems  to  be  in  favour  of  the  hypothesis  that 
anti-toxin  is  a  secretion  of  the  ceUs  of  the  living  organism.     In  1897 
Mrhch  suggested  that  anti-toxin  is  of  "  the  same  substance  as  those  portions 
ot  the  protoplasm  of  certain  cells,  the  possession  of  which  is  the  cause  of 
.their  susceptibility  to  the  action  of  the  poison."    According  to  this  theory 
an  animal  would  be  susceptible  to  a  poison  only  on  the  condition  of  its 
possessmg  in  certain  of  its  cells  some  substance  capable  of  combining  with 
Ciiat  poison.    The  combination  of  the  poison  or  toxin  with  these  cells 
aisturbs  the  physiological  balance,  and  leads  to  a  reproduction  of  these 
hypothetical  cellKionstituents.    The  reproduction  tends  to  be  carried  to 
excess,  and  when  the  substance  so  produced  is  thrown  out  into  the  blood 
stream,  it  is  there  capable  of  combining  with  the  toxin  which  is  on  its  way 
IruJr  1    ''l^^  structures,  and  the  combination  will  take  place  without 
I  riioi    ^ft^rbance  of  the  physiological  balance  of  the  susceptible  cells, 
il  ose  portions  of  the  cell  protoplasm  which  have  the  power  of  entering 
nto  chemical  combination  with  a  given  toxin  are  called  by  Ehrlich  "seiten 
rakl-1.  ^^,^^PPo^<^f   tlie  "seiten-kette"   theory,   Wassermann  and 
t  wifl  .T'^t"'  ^^^^  ^^''''''^  ^«  rendered  harmless  by  mixing 

'  irtan  ,,     T^rVr-f^i^^^  substance  of  animals  which  are  susceptible 
.  >  aniJ  ^5^^,^^«tchnikoir  has  demonstrated  that  the  nervous  substance 
nxin        ^      are  .insusceptible  to  tetanus  has  not  this  power.  When 
o'mbine  a.'fn  r    T      ^g|^\t°g^«ier  in  vibrio  they  appear  to  gradually 
hat  dT)htV  -^^"^''^^  ^^''^^'^^^         Cherry  ha?e  shown 

'phtW  anH  t  pass  through  a  colloid  membrane,  whilst  the 

-  mixed  7^^  .r  P*^^'*^^^"^  '^^       t'^^^^  anti-toxin 

hen  be  foun^lf^fiu   f  '^^"f-h  "  ^^^^^^  ^«  ^''^^ 

he  filte  be  t  w  ^  P°^««^  ^^^^^^  l^^s  not  passed  through 

ttle  is  knovvn-^  nf  ^l!  '''l''^''^ symptoms  of  poisoning  occur.  Very 

'  eheve  the  ln  "''"""l'^^  "^^^'^'^      anti-toxins.    Martin  and  Cherry 

I  »ied  to  the  gTobuliir        ^       albumoses,  and  that  the  anti-toxins  are 

i'-ulence  are  Tnleot  d  fe  organism ;  later,  living  cultures  of  great 

specially  u  efuK      fi!  gradua  ly  increasing  doses.     Such  a  serum  is 
y  useful  where  the  microbe  invades  the  tissues  and  rapidly  multi- 

2r 
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plies  ■within  the  body.  Anti-microbic 
the  corresponding  bacteria,  i.e.,  a 
The  lysogenic  action  was  observed 
spiriUum  when  injected  into  the 
immunised  against  the  organism, 
finally  disappeared  in  the  fluid, 
action  was  caused  by  a  specific 


sera  appear  to  have  two  actions  on 
lysogenic  and  an  agglutinative  action, 
by  Pfeifi'er,  who  found  that  the  cholera 
peritoneal  cavity  of  a  guinea-pig,  highly 
became  granular  and  swollen  up,  and 
Pfeiffer  considered  that  the  lysogenic 
substance  in  the  serum  which  became 
actively  bactericidal  by  the  aid  of  the  peritoneal  endothelium.    Bordet  and 
MetchnikofI"  found  tliat  Pfeifl'er's  reaction  could  be  obtained  outside  the  body, 
and  believe  that  the  reaction  depends  on  the  presence  in  the  anti-serum  of  a 
specific  substance  which  greatly  increases  the  bactericidal  powers  of  normal 
serum.    The  phenomenon  of  agglutination  was  first  observed  by  Charrin 
and  Roger,  who  found  that  when  the  B.  pyocyaneus  was  grown'  in  the  serum 
of  an  animal  immunised  against  this  organism,  the  usual  diffuse  growth 
tlirough  the  fluid  did  not  occur,  but  the  bacilli  were  found  in  masses  at  the 
bottom  of  the  tube.    Gruber  and  Durham  also  noticed  that  when  to  a 
culture  of  the  B.  typhosus  or  S.  chdlerce  there  was  added  some  of  the  serum 
of  an  animal  immunised  against  the  corresponding  organism,  the  bacilli 
became  immobilised  and  clumped  together.    Widal  then  showed  that  the 
serum  from  patients  suff'ering  from  enteric  fever  had  the  power  of  immo- 
bilising and  clumping  cultures  of  the  B.  typhosus.    Since  this  observation 
of  Widal's  the  serum-diagnosis  of  disease  has  become  established  as  a 
reliable  procedure.    The  relation  of  agglutination  to  immunity  is  not  yet 
decided.     Ehrlich  and  Pfeifi'er  believe  immunity  to  be  independent  of 
agglutination.    Ehrlich  has  applied  his  "  seiten-kette  "  theory  to  the  lyso- 
genic action  of  sera  towards  bacteria.     The  substances  contained  in  the 
bacterial  protoplasm  cause  an  over-production  of  the  "side-chains"  or 
"immune  body,"  for  which  they  have  a  special  affuiity.     But  in  the 
lysogenic  action  of  serum  two  substances  are  concerned.    It  has  been  found 
that  if  such  a  serum  is  heated  to  58°  C,  it  loses  its  lysogenic  property;  it, 
however,  regains  this  action  on  the  addition  of  a  small  quantity  of  serum 
from  a  normal  animal.    But  if  the  fresh  serum  be  heated  to  58°  C.  before 
being  added  it  loses  its  effect.    There  is,  therefore,  an  unstable  ferment-like 
substance  present  in  normal  serum,  which  is  essential  to  the  process  of  lyso- 
genesis.    The  specific  substance  called  by  Ehrlich  the  "  immune  body  "  is 
more  stable,  but  it  cannot  act  alone ;  it  forms  a  link  between  the  bacteria 
and  the  ferment  present  in  the  normal  serum.    Whether  the  agglutinin  and 
the  immune  body  are  identical  is  not  yet  known ;  the  agglutinin  also  resists 
a  temperature  of  58°  C,  and  has  an  affinity  for  the  sheaths  of  bacteria. 
The  lysogenic  action  of  an  anti-bacterial  serum  may  be  acquired  towards 
red  corpuscles  as  well  as  bacteria.    This  action  has  been  especially  studied 
by  Elu'lich  and  Morgenroth,  who  have  shoAvn  that  the  immune  body  enters 
into  direct  chemical  combination  with  the  red  corpuscles.    "  A  quantity  o 
heemolytic  serum  sufficient  to  dissolve  a  known  amount  of  red  corpuscle_ 
was  heated  to  58°  C.  ;  the  hsemolytic  function  was,  of  course,  thus  iiullifie 
the  imnume  body  left  in  the  serum  being  unable  to  act  alone.    This  ser  " 
was  then  added  to  the  red  corpuscles  and  allowed  to  act  for  some  time  at 
suitable  temperature.    The  mixture  was  then  centrifugalised,  clear  fluid  aa 
massed  red  corpuscles  being  thus  separated.    The  clear  fluid  was  then  tes» 
for  the  presence  of  the  immune  body,  by  adding  to  it  a  little  fresh  seru 
and  thereafter  observing  its  efl'ects  on  red  corpuscles.     No  hpemolysi 
occurred  ;  therefore  the  immune  body  had  disappeared  from  the  A^id.  -J 
presence  in  the  red  corpuscles  was  then  tested  by  adding  to  them  a  litw 
fresh  serum,  and  hremolysis  was  found  to  occur  at  once.    In  other  wora 
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the  imrnime  body  had  completely  combined  with  the  red  corpuscles.  Other 
observations  on  similar  lines  showed  that  the  '  addiment '  or  ferment  body 
>  does  not  combine  directly  with  the  red  corpuscles,  but  does  so  with  the 
1  immune  body."  The  process  of  haemolysis  accordingly  depends  on  the 
1  bringing  of  the  ferment  of  the  normal  serum  into  relation  with  the  red 
I  corpuscles  by  means  of  the  specially  developed  immune  body.  In  bacterio- 
]  lysis  the  same  process  is  supposed  to  go  on,  but  so  far  no  complete  investiga- 
t  tions  of  the  combining  relationships  of  the  substances  concerned,  such  "as 
t  those  detailed  with  regard  to  haemolysis,  have  yet  been  carried  out. 

In  order  to  explain  natural  and  acquired  immunity,  MetchnikofF  advanced 
E  the  theory  of  phagocytosis.  According  to  this  theory,  the  resistance  of  an 
I  amnial  to  bacteria  depends  on  the  activity  of  certain  cells  called  phagocytes, 
^  which  take  up  bacteria  into  their  interior,  and  in  many  cases  destroy  them! 
1  In  the  human  subject  MetchnikofF  distinguished  two  chief  varieties  of 
I  phagocytes,  ie.,  (a)  the  microphages,  which  are  the  polymorpho-nuclear 
i  leucocytes  of  the  blood,  and  (b)  the  macrophages,  which  include  the  lart^er 

I  hyalme  leucocytes,  endothelial  cells,  connective-tissue  corpuscles,  and  any 
^  of  the  larger  cells  which  have  the  power  of  ingesting  bacteria.  The  mi<Tra- 
t  tion  of  the  phagocytes  towards  the  bacteria  is  explained  on  the  hypothesis 
t  that  the  chemical  substances  elaborated  by  the  bacteria  attract  the  former 
a  and  exert  what  is  called  "  positive  chemiotaxis."  When  the  chemical 
s  substances  repel  the  phagocytes,  negative  chemiotaxis  is  said  to  occur  •  the 
t  bacteria  then  remain  free  to  multiply,  and  general  infection  occurs  In  the 
p  process  of  immunisation  by  attenuated  cultures,  the  phagocytes  are  con- 
s  sidered  to  be  gradually  educated  so  that  they  can  eventually  destroy  virulent 
c  cultures.  Many  observers  now  believe  that  phagocytosis  is  the  result  and 
n  not  the  cause  of  immunity.    The  theory  does  not  explain  the  process  of 

II  immimisation  against  a  toxin,  and  the  facts  already  mentioned  in  relation 
b  to  anti-microbic  sera  show  distinctly  that  there  are  other  factors  in  the  pro- 
a  auction  of  immunity  against  living  organisms. 

Natural  lmmunity.-From  what  has  been  said  in  relation  to  artificial 
u  immunity,  it  follows  that  natural  immunity  may  be  due  to  the  livinc^ 
h  tissues  haying  the  power  either  to  destroy  the  invading  bacilli  o? 
»  neutralise  their  toxins.  Natural  immunity  in  most  cases  does  not  appear 
« I  V  ?f  presence  of  anti-toxins  ;  the  blood  of  the  fowl,  a  bird  which 

Highly  insusceptible  to  tetanus,  has  not  the  slightest  anti-toxic  power 
f^r^  f  I  ''^^^^^^  however,  the  blood  serum  is 

n         '"""^  anti-toxic  action  though  the  animal  has  never  suffered 
irom  the  disease.    Wassermann  has  found  the  blood  of  some  healthy 

diphtheria,  and  Cobbett  has  met  with  horses 
l«rc?plfi°i     '^^^  definitely  anti-toxic  against  diphtheria.    The  natural 

IS^f     P^^^*'^  P^'«°^      ^n^'-il  has  been  ascribed  to 

jpagocytosis,  but  the  evidence  of  the  essence  of  natural  immunity  depend- 

infufS^rf'P^T  properties  of  the  phagocytes  is  now  considered  quite 
ibacteHoS  ha^heen  shown  that  normal  serum  possesses 

Sated  T'p'^  organisms.    This  subject  has  been 

■the  nrf      ^  Buchner,  who  believes  that  the  bactericidal  action  is  due  to 
fcglands  and'nfl.  substances  derived  from  the  spleen,  lymphatic 

"XdMi  ""'^f''^"'  '''^      leucocytes.    These  substances  have  been 
light      1  /    ^^tI''  ""^'^  ''^^  ""'^  ''^^^^y  destroyed 

»Unorganise7l.      ;   T^^y/PP^'^^  closely  related  to  enzymes  or 

"serum  of  nn  *^'  Unfortunately  the  bactericidal  action  of  the  normal 
.  natural  nimnn^'^f  .i  not  appear  to  have  a  direct  proportion  to  the 
I  immunity  of  the  animal ;  and  the  bactericidal  action  is  distinctly 
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elective,  being  manifested  toward  some  organisms  and  not  towards  others. 
At  the  present  time  it  is  impossible  to  explain  all  the  facts  relating  to 
natural  immunity.  Probably  many  factors  are  concerned;  in  some  cases 
phagocytosis  may  be  all-important ;  in  others  the  cells  and  tissues,  for  some 
unknown  reason,  appear  to  be  unaffected  by  the  bacterial  toxins.  Also  it 
is  not  absolutely  necessary  that  the  invading  bacteria  shall  be  destroyed ; 
all  that  is  required  is  that  their  growth  shall  be  prevented  so  that  they  may 
die  out  or  be  taken  up  by  the  phagocytes. 


ANTHRAX. 


This  is  a  fatal  acute  disease  which  fortunately  affects  cattle,  horses,  sheep, 
and  goats  more  frequently  than  man.  It  is  a  widely  spread  form  of  disease, 
appearing  with  unusual  frequency  in  certain  districts,  and  rendering  thereby 
these  localities  especially  dangerous  to  herds  of  cattle. 

The  clinical  aspects  of  the  disease  are  different  in  different  species  of 
animals ;  in  larger  ones  it  is  said  to  run  a  comparatively  slow  course,  being 
accompanied  with  violent  fever,  and  in  most  cases,  but  not  always,  ends  m 
death  The  smaller  animals,  such  as  mice  and  gumea-pigs,  succumb  to  the 
disease  almost  without  exception,  but  often  without  showing  any  striking 
symptoms  up  to  the  moment  of  death.  On  post-mortem  examination,  a  con- 
spicuous symptom  is  the  dark,  congested,  and  enlarged  spleen.  In  sheep  and 
cattle  there  occur  hemorrhagic  exudations  under  the  skin  of  various  regions; 
the  exudation  forming  tumours  of  a  dark  to  black  gelatinous  nature 

Anthrax  affects  man  in  two  forms,  external  and  internal.  Jixternal 
anthrax,  or,  as  it  is  sometimes  caUed,  "malignant  pustule," has  its  usual  seat 
on  the  neck  or  face,  being  doubtless  due  to  inoculation.  The  fii-st  local 
manifestation  is  the  appearance  of  a  papule  or  vesicle,  which  develops  in 
the  course  of  a  few  days  into  an  inflamed  indurated  mass,  with  a  central 
black  slough.  The  surrounding  tissues  and  the  lymphatic  glands  are 
swollen  and  indurated.  In  rare  instances  the  disease  may  remain  local, 
and  end  in  either  resolution  or  suppuration.  More  commonly,  however, 
constitutional  symptoms  appear,  indicating  geneml  infection.  Occasionally 
malignant  pustule  supervenes  upon  internal  anthrax,  which  appears  to  be 
due  to  the  inhalation  or  swallowing  of  the  virus.  Interna  anthrax  is  only 
known  as  affecting  wool-sorters,  and  as  the  result  of  the  experimental 

infection  of  animals.  •  ■,         ■  i     .  Hm 

After  a  very  variable  incubation  period,  ranging  perhaps  from  t^^o  to 
twelve  days,  the  early  symptoms  of  internal  anthrax  are  ^vearine^. 
dZession  chills,  restlessness,  and  a  tight  feeling  across  the  chest.  Ti^ 
staJe  mav  la  t  only  a  few  hours,  but  more  usually  three  to  seven  days, 
when  graver  symptoms  set  in  suddenly.  Prostration  becomes  extreme : 
pulse  and  respiLtion  are  hurried:  temperature  rises,  but  always  ma  ked  by 
sudden  remissions,  accompanied  by  perspiration  Even  in  seriou  cas^ 
recovery  may  follow,  but  more  commonly  death  ensues  from  syncope, 
pneumonia,  'or  the  'exhaustion  of  diarrhea.  n  cases  of  recovery  the 
protection  derived  from  the  attack  is  very  slight,  i  ^^y-.  ^ 
anthrax  is  called  wool-sorters'  disease,  from  its  preva  ence  in  the JBradtoW 
d^trict  among  men  employed  in  sorting  certain  foreign  ^vools  jmrt  d^^^^^ 
those  of  goats  from  Van,  in  Armenia.  More  or  less  successfu  attempt 
£ve  been  made  to  render' the  sorting  of  wools,  wl-l-xp«  has  s^^^ 
to  be  dangerous,  safer,  by  preliminary  disinfection  or  washing,  cleanim^ 
and  ventilation  of  the  sorting-rooms,  with  the  use  of  fan-blasts  to  cair. 
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away  the  dust  generated  during  the  opening  and  sorting  of  the  bales.  To 
these  precautions  must  be  added  washing  of  the  hands  before  eating,  and 
changing  of  clothes  when  the  work  is  done. 

A  microscopic  examination  of  the  blood  and  spleen  shows  the  pathogenic 
microbe  or  Bacillus  anthracis.  When  examined  fresh,  these  bacilli  are  non- 
motUe  rods,  more  or  less  truncated  and  homogeneous  looking,  varying  a 
little  in  size,  according  to  the  animal  from  whence  they  have  been  derived. 
They  are  usually  from  6  to  8  yu.  long  and  from  1  to  1'25  fi  broad ;  within 
the  body  they  do  not  form  spores.  The  longer  bacilli  or  their  chains  show, 
within  a  common  sheath,  cubical  or  rod-shaped  cylindrical,  square  cut, 
stained  masses  of  protoplasm  ;  these  are  the  real  bacillary  elements.  These 
appearances  are  more  pronounced  and  noticeable  in  specimens  made  from 
artificial  cultures ;  in  some  anthrax-threads  of  cultures,  all  the  elements  con- 
stituting a  thread  are  separated  one  from  another  by  a  transverse  septum. 
Anthrax  bacilli  readily  admit  of  cultivation  in  feebly  alkaline  broth,  and 
on  gelatine,  blood-serum,  agar  and  potatoes.  All  the  cultures  have  a 
more  or  less  characteristic  appearance :  for  instance,  in  a  stab  gelatine 
culture  there  is  first  a  whitish  line  in  the  track  of  the  needle,  and  from  it 
fine  filaments  spread  out  in  the  gelatine.  Occasionally  a  little  isolated  spot 
develops,  from  which  rays  extend  in  all  directions,  like  the  silky  filaments  of 
thistledown.  The  gelatine  slowly  liquefies  and  the  growth  subsides  as  a 
flocculent  mass.  In  stroke  cultures  on  gelatine  the  streak  of  inoculation  is 
marked  after  twenty-four  to  forty-eight  hours  by  a  whitish-grey  line,  from 
which  a  number  of  fine  whitish  threads  shoot  out  horizontally.  On  agar  a 
thick  greyish  film  is  noticeable  after  two  days.  After  twenty-four  hours,  in 
broth  at  37°  C.  there  is  usually  the  appearance  of  irregularly  spiral  threads 
suspended  in  the  liquid,  and  gradually  a  flaky  and  flocculent  mass  forms  at 
the  bottom.  On  potato  at  37°  C.  there  occurs  a  thick  felted  white  mass  of 
bacUli. 

Anthrax  bacilli,  cultivated  on  the  surface  of  a  solid  medium,  or  with  free 
access  to  air,  readily  form  spores  which  preserve  their  vitality  for  years. 
The  bacilli  themselves  are  readily  destroyed  by  heat  or  other  disinfecting 
agencies,  but  the  spores  are  extremely  resistant.  Animals  can  be  infected 
by  inhahng  or  swallowing  the  spores,  but  not  by  the  bacilli  unless  there  is 
some  abrasion,  such  as  to  allow  practically  of  inoculation.  The  bacilli  are 
destroyed  by  the  gastric  juice,  spores  are  not.  Klein  has  shown  a  further 
difference  between  bacilli  and  spores  by  results  of  inoculation.  The  former 
cause  a  slight  and  localised  malady,  the  latter  a  severe  constitutional  illness 
which  is  usually  fatal. 

The  usual  mode  of  infection,  so  far  as  man  is  concerned,  is  by  inoculation ; 
tanners,  butchers,  and  others  engaged  in  handling  raw  hides  being  very 
hable  to  malignant  pustule :  it  has  been  suggested  that  the  poison  may  be 
earned  by  flies  and  other  insects.  Man  may  be  also  infected  by  inhaling  or 
swallowing  spores  in  the  form  of  dust,  as  in  wool-sorters'  disease.  Although 
exact  evidence  is  wanting,  it  may  be  assumed  that  anthrax  can  be  acquired 
by  eating  the  flesh  of  diseased  animals. 

™ay  contract  anthrax  by  the  same  means  as  man  :  but  probably 
jneir  chief  methods  of  infection  are  by  inhalation  and  swallowing.  A  field 
may  become  infected  with  anthrax,  and  healthy  animals  grazing  on  it,  after 
iq  n  l^li*^^  months  or  even  years,  may  acquire  the  disease.  The  infection 
3  proDably  imparted  to  the  superficial  layers  of  the  soil  by  the  blood  or 
buripr"^  affected  animals.  Pasteur's  suggestion,  that  the  spores  from 
to  be  i^T-v  u"^^^  brought  to  the  surface  by  earth-worms,  has  been  shown 
unlikely  by  Klein,  for  the  simple  reason  that  spores  are  not  formed 


630 


THE  INEEOTIVE  DISEASES. 


under  such  conditions,  and  that  the  rapid  onset  of  putrefaction  soon 
'"w?rhlr;SfdtLs  of  success,  various  attempts  have  been  made  to 

attelate  the'growthl  of  anthrax  bacilH,  and  by  -XTu^LT  ffT^^^^^ 
them  to  render  animals  resistant  to  the  disease.    The  success  ot  tliese 
methods  depends,  however,  to  a  large  extent  on  the  primary  degree  of 
"rulence  of^the  bacilli  at  starting  and  the  abso  ute  purity  of  tl-  resul  -g 
vaccines     While  sheep,  cattle,  and  rabbits  that  have  once  passed  through  a 
Tld  fonn  of  anthrax  are,  as  'a  rule,  refractory  against  further  -oculation 
w  h  virulent  anthrax,  this  is  not  the  case  with  some  a-xnals^^^^^^^ 
instance  guinea-pigs.    Klein  has  shown  that  mouse  s  anthrax  blood  is 
attlrat;! ^^^^^^^^^^^         can  be  used  for  the  protective  inoculation  of  she^^ 
pts  are  naturally  difficult  to  infect,  though  they  can  be  infected;  adult 
ratf  dogs?  and  cL  are  almost  insusceptible;  healthy  fowls  are  quite  so, 
thoucdi  ff  their  bodies  be  cooled  down,  they  can  be  fatally  infected. 
'''^  piventLn  resolves  itself  into  the  need  of  obvious  P--f 
ing  direct  inoculation  of  a  cut  or  abrasion  from  the  carcass  ^^^^^^  anthrax 
affected  animal.    The  flesh  of  such  animals  must  ^^^^^^^^^^^^^^^^ 
As  resards  the  trades  affected,  all  dangerous  wools  should  be  dismfected  Dy 
Nearer  at  least  thorouglily 'wetted  and  -^^ed  while  damp  to^^^^^^ 
Sortinc..rooms  should  be  provided  with  an  apparatus  for  extracting  the  dust 

only  dangerous  to  the  persons  employed  but  ^^^^^^^^^^^  J^^^  ^he 
disease,  unless  the  greatest  care  is  observed  to  avoid  SPJ^^^^^ satisfactory 
bodv  iuices  and  unless  disinfectants  are  freely  used  As  yet  a  satuiacto  j 
method  or  ^ystem  of  preventive  inoculation  has  not  been  devised. 


BERIBERI. 


TM.  disease  appears  to  .e  VPi«"J^rplTSr'ttrt^ 
It  is  endemie  in  most  tropical  and  f  ^''Xi  ,,4  protably  a  pei-ipherd 

tSL^rSas^aen  o^nll"  ^  ^ 

°S£=crol»  and  Seasoa-ln  ^;;^^:^Z'^  du^ 

^'liSo^f  Sef^nrigr-B;^^^^^^  attacks  both  sexes.    It  is  ra.  in 
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I  childhood  and  old  age,  and  develops  most  commonly  between  the  ages  of 
;  15  and  30. 

Mortality. — The  mortality  varies  extremely.  In  some  epidemics  it  has 
1  been  as  high  as  30  per  cent,  of  the  persons  attacked ;  in  others  as  low  as 
I  5  per  cent. 

Etiology. — Recent  observations  render  it  probable  that  the  contagious 
]  principle  is  an  organism  analogous  to  those  which  produce  so  many  other 
i  infective  diseases.  Pekelharing  and  Winkler  have  described  a  bacterium 
■  which  they  found  in  the  blood.  Glogner,  however,  believes  the  organism 
1  to  be  an  amoeba  living  in  the  red  corpuscles.  Neither  of  these  conclusions 
I  have  yet  been  accepted. 

Beriberi  assumes  various  forms ;  in  a  large  proportion  of  cases  there  is 
]  paraplegia,  chiefly  aff"ecting  the  extensor  muscles  of  the  lower  extremities, 
i  and  a  remarkable  relaxation  of  the  joints  of  the  affected  extremities  is  often 
.  observed.  Oedema  is  one  of  the  leading  signs,  and,  unlike  the  oedema  of 
(  cardiac  and  renal  disease,  it  does  not  begin  about  the  anltles,  but  appears 
i  along  the  inner  side  of  the  tibia.  Sometimes  general  anasarca  is  observed, 
'  but  the  degree  of  oedema  in  diiferent  parts  of  the  body  varies  spontaneously. 
Dilation  of  the  right  side  of  the  heart  is  frequent,  and  death  from  syncope 
:  is  common. 

Prevention. — Eemoval  from  the  aff"ected  district,  asylum,  or  ship  is  of 
;  the  first  importance.  If  the  disease  develop  on  shipboard,  the  crew,  both 
'.  healthy  and  sick,  should  be  made  to  sleep  on  deck,  properly  protected  from 
(  chills.  The  ship  should  be  thoroughly  disinfected.  When  the  disease 
«  occurs  in  asylums,  Szc,  the  affected  building  must  be  cleared  and  thoroughly 

<  cleansed,  ventilated  and  disinfected  before  re-occupation.  Overcrowding 
I  must  be  strictly  forbidden.  In  countries  where  beribei'i  is  epidemic  all 
'.  low-lying  damp  situations  must  be  avoided  as  sites  for  houses.  The  rooms 
;  must  be  raised  well  off  the  ground,  and  so  constructed  as  to  admit  of 
I  thorough  ventilation. 

CEREBRO-SPINAL  FEVER. 

This  is  a  disease  which  appears  to  be  more  prevalent  abroad  than  in  this 
I  country :  and  in  reference  to  its  epidemic  prevalence  in  various  countries 

<  during  the  present  century,  a  very  considerable  historical  literature  has 
i  accumulated.    Netten  Radcliffe  defined  cerebro-spinal  fever  as  "an  acute 

epidemic  disease,  characterised  by  profound  disturbance  of  the  cerebral 
nervous  system,  indicated  at  the  onset  chiefly  by  shivering,  intense  head- 

•  ache  or  vertigo,  or  both,  and  persistent  vomiting ;  subsequently  by  delirium, 
often  violent,  alternating  with  somnolence  or  a  state  of  apathy  or  stupor ; 
an  acutely  painful  condition,  with  spasm — sometimes  tetanoid — of  certain 
groups  of  muscles,  especially  the  posterior  muscles  of  the  neck,  occasioning 
retraction  of  the  head  and  an  increased  sensitiveness  of  the  surface  of  the 
body.    Throughout  the  disease  there  is  marked  depression  of  the  vital 

:  powers,  not  unfrequently  collapse ;  and  in  its  course  an  eruption  of  vesicles, 
petechiae,  or  purpuric  spots,  or  mottling  of  the  skin  is  apt  to  occur." 
The  various  forms  are  usually  classified  as  follows : — 

(1)  The  simple  form,  having  typical  nervous  symptoms; 

(2)  The  fulminant  form,  attacking  suddenly  and  killing  quickly ; 

(3)  The  purpuric  form,  attended  by  haemorrhages ; 

(4)  The  abortive  form,  with  anomalous  symptoms,  running  a  short 

or  irregular  course. 
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Mortality.— The  mortality  varies ;  in  some  outbreaks  eighty  per  cent, 
of  the  cases  have  died,  in  others  only  20  per  cent,  have  proved  fatal.  The 
disease  has  a  wide  distribution,  and  it  has  frequently  occurred  even  m  recent 
years  in  neighbouring  countries.  Thus  in  Hamburg  m  1896,  there  were  30 
cases  with  26  deaths ;  in  Sweden  in  the  same  year  there  were  165  cases  with 
74  deaths;  and  66  cases  were  reported  in  Denmark  and  409  cases  m  Italy. 
The  subjoined  table  gives  the  deaths  certified  m  England  and  Wales  from 
cerebro-spinal  fever  from  1877  to  1896  : — 

Population  of  England  and  Wales,  1891,  29,002,525. 
1877.    1878.    1879.    1880.    1881.    1882.    1883.    1884.    1885.  1886. 

46        58        46        43        34        42  _      38  61 
1887.    1888.    1889.    1890.    1891.    1892.    1893.    1894.    1895.  1896. 
24        18        23        38        31        29        13        23        23  11 

Influence  of  Sex,  Age,  and  Eace.-It  is  difficult  to  find  any  difi-erence  in 
re-ard  to  the  incidence  of  the  disease  upon  the  two  sexes.    As  regards  age 
it  usually  attacks  those  approaching  puberty,  or  m  early  adult  life:  it  has 
been  known,  however,  to  occur  in  persons  of  all  ages,  though  certainly  rare 
among  those  beyond  middle  life.    The  evidence  m  respect  of  race  indicates 

it  to  make  no  distinctions.  .     .      ,  .  ,       i  v„„„ 

Effects  of  Climate  and  Season.-In  all  countries  in  which  it  has  been 
.  observed  as  an  epidemic,  this  has  usually  occurred  in  either  wmter  or  sprmg ; 

tbat  is  in  the  coldest  seasons  of  the  year. 

Etiology  ^Owing  to  the  frequent  manifestations  of  tins  disease  m  m 

epidemSm  in  pnblic  institutions,  the  earlier  views  regarding  it  indicated 

infection  as  a  prominent  factor  in  its  difBlsion.  ,  .  , 

In  1887  Weichselbaum  described  a  peculiar  form  of  .^icr^oecus  wWl 

:tprpum„ni.  this  organism  was  —  ^^^ZZ^ 

^±  I  X  preZ:rsL;r,Tmteri5ef  n;^« 

nus  in  the  form  of  a  rounded  or  oval  diplococcus  (with  the  ^o^S/^^^/J,'"^ 

been  found  m  the  nasal  ^^i^cnar  eb      f  thoucrht  that  the  infection 

rrs^Z^s'St:pn^tSi 

establish  .*»  diagnosis    T  O  org^in  ^^^^^^^J^^ 

appear  to  cause  ■^^l"^^L^^T^'^J^:^r.X,  by  mean, 
that  the  disease  f  '%Xwrilv  the  mucous  membrane  of  the  nasal 
of  the  nasal  discharges.    0™"°™',  „.„5j  ^  ^sist  the  deposited 
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some  outbreaks  the  infection  appears  to  have  acquired  a  great  intensity 
of  virulence,  but  the  exact  conditions  which  determine  this  increase  of 
virulence  are  not  yet  known. 

Prevention. — Isolation  and  careful  disinfection  of  the  nasal  discharges 
a  appear  to  be  indicated.  Free  ventilation,  good  food,  and  avoidance  of 
ii  fatigue  are  also  essential. 

CHICKEN-POX. 

It  was  only  towards  the  end  of  the  last  century  that  this  disease  was 
t  clearly  distinguished  from  small-pox ;  but  beyond  a  certain  superficial 
p  resemblance  there  is  nothing  in  common  between  the  two  diseases.  Chicken- 
p  pox  occurs  as  an  epidemic,  which  very  often  coincides  with  epidemics  of 
s  small-pox,  and  adds  to  the  difficulty  of  diagnosis  of  mild  cases  of  the  latter. 
F  Persons  of  aU  ages  are  liable  to  attack,  but  children  more  so  than  adults. 
TThe  mortahty  is  practically  nil,  though  the  Registrar-General  annually 
n  records  a  few  deaths  from  chicken-pox :  how  far  these  fatal  cases  may  be 
a  set  down  to  unrecorded  deaths  from  small-pox  is  difficult  to  decide  ;  possibly 
a  large  proportion  may  be  so,  without  error. 

The  incubation  period  has  been  variously  estimated  to  be  from  four  to 
twenty-eight  days ;  recent  opinion  sets  it  down  at  about  fourteen  days,  for 
which  reason  the  Association  of  Medical  Officers  of  Schools  insist  upon  a 
}  quarantine  of  eighteen  days  before  re-admission  to  school,  after  exposure  to. 
I  infection. 

The  characteristic  vesicular   eruption  appears  without  any  previous 
a  sickness,  or  at  most  with  only  some  twenty-four  hours  of  fever  or  malaise. 
I  It  begins  on  any  part  of  the  body,  and  is  added  to  irregularly  by  fresh  crops 
■  for  four  or  five  days,  during  which  time  the  constitutional  symptoms  are 
most  irregular.    The  vesicles  are  not  usually  umbilicated,  but  this  is  not  a 
^  reliable  point  for  diagnosis,  as  among  them  are  often  some  which  are  so. 
^  ihe  vesicles  consist  of  a  single  cavity,  with  a  very  thin  covering,  and  with 
•  httle  or  no  hardness  at  the  base.    About  the  third  day,  the  clear  watery 
1^  contents  of  the  vesicles  become  turbid ;  within  a  week  a  thin  crust  forms 
^        ,  eventually  falls  off  and  leaves  no  cicatrix  unless  sores  have  been 
caused  by  irritation.    The  infection  of  chicken-pox  is  active  from  the  very 
hrst,  and  is  readily  imparted  by  contact  or  by  means  of  fomites.    The  mode 
in  which  it  IS  given  off  is  unknown,  but  the  breath  is  the  most  probable 
cause  of  infection.   As  in  smaU-pox,  the  length  of  infectivity  will  depend  on 
ne  tailing  off  of  the  crusts,  which  usually  become  detached  in  parts  rather 
than  entire. 

Attempts  have  been  made  to  inoculate  from  the  vesicles,  but  without 
uccess.    Chicken-pox  and  small-pox  are  not  mutually  protective. 


CHOLERA. 

IndP  ^^^'^^  *°  si>eak  of  cholera  having  its  endemic  area  in  certain  parts  of 
'  other'  P^^^^^^^^^'ly        delta  of  the  Ganges,  but  it  is  possible  that 

i>mter=J'  f        ^^'^'^  endemic  home.    Although  Portuguese 

■i  1503  it  •  extensive  and  fatal  outbreak  of  this  disease  in  India  in 

any  snip  kr""*^  beginning  of  the  present  century  that  we  have 

pandemia  I  ff  systematic  accounts  of  cholera.  The  first  well-recorded 
spread  "  of  the  disease  dates  from  1817,  when  there  was  a  wide- 

years  thrr'^l!"^^      cholera  in  Bengal,  extending  during  the  next  two 
TOUghout  India  and  the  greater  part  of  Asia.    Since  then,  at 
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irregular  intervals,  it  has  spread  in  epidemic  form  over  a  greater  or  lesser 
part  of  the  world.    It  has  followed,  almost  invariably  the  lines  of  traffic 
bv  land  or  water,  but  no  reason  has  been  found  for   the  apparently 
capricious  way  with  which  it  has  selected  some  routes  and  oinitted  others 
?he  invasion  of  each  new  country  along  its  line  of  march  has  been,  m  most 
cases Taced  to  infection  through  some  communication  with  a  country 
aSv  attacked.    In  temperate  climates  the  outbreak  frequently  subsides 
tn^yS^^M^oiten  reappears  with  the  warmer  weather,  and  in  some  instances 
has  iecurred  in  the  third  year,  apparently  without  fresh  introduction.  _ 
is  an  epidemic,  cholei'a  has  appeared  in  England  four  times,  namely  m 
2    1848-9    1853-4,  and   1865-6  ;   the  disease  having  on  these 
cc'asro!;s  sWyVead  from  India.    On  several  other  oc«  the  d^^^^^^^ 
has  invaded  Europe,  but  failed  to  reach  England.    In  July  Ib^i  mtection 
was  carSed  to  the  Medway  by  ships  from  Kiga;  later  in  t^ie  same  year  it 
Toke  out  at  Sunderland  and  other  northern  ports,  as  a  result  of  importation 
bv  Sins  from  Hamburg.    In  the  course  of  the  next  year  it  was  extensively 
SefalSt  rSeTS  tain,  extending  later  to  Canada  and  Umted 
Stale      In  1848  London  was  infected  from  Hamburg  m  September,  a^d 
M  and  Sunderland  in  October  from  the  same  Vort:iro^J^e  cent^ 
the  disease  at  once  spread.    During  the  ^^^^^er  of  1848-9  chd^^^^^^^  abated 
hilt  in  the  sprin<r  of  1849  it  broke  out  again  with  increased  v  goui,  tinm 
diappear  ng    n°December,  having  caused  53,293  deaths  besides  a  heavy 
dlarrCl  mVtality,  part  of  which  was  P-^«  J^^^^^^^^^^^^^^  mor 
l^^-l^'-Z^  Sj^rXl^-^SSi^^over  2O,O0C 

deaths  in  England  and  Wales.  a  somewhai 

The  fourth  epidemic  invasion  of  Great  Britain,  m  ^^'^^'/^^'f  Y„  „i,oleK 

Xi^  by  whom  it  was  carried  to  many  ptees,  among  thern  S^z^  J^^ 

MJsr  ^t:p 

the  Continent,  and  during  that  J^^'  ''"^^^1^%}^' no 

from  cholera  in  the  whole  o   England     Sj^^^j^^^^^^^^  an, 

prevailed  as  an  epidemic  m  this  country,  ^l^^^X^^^^  Durin; 

prevalent  in  various  p^^^^^^^^^^^^  ,.ps  t 

^Mbiiri;rdofthe  disease  o^^^^ 

again  in  the  two  next  followmg  years  .I^^l^  JO  a  lec^^^^^^^^  ^ 
alvanced  from  Persia  and  Central  ^^^^^  ^ro,^  during  tl. 

Hamburg  on  August  23rd    189  J.    ^^^^^'^^joi,         very  great. 
gradual  extension  of  the  f ^^^/^f  ^^^f     j^.^^erof  cholera  from  tlK 
days  after  Hamburg  was  declared  "^^^^^e^' ^^^^^^^^f.^te  th^      cases  ha 
city  arrived  in  London,  and  by  the  middle  ^^Oc^J'^;^^^^^^^^        i.own,  di 
been  brought  to  this  country  ;  but  in  ^        from  abroa- 

the  disease"  extend  to  any  .  person  other^^^ 

Cholera  was  also  epidemic  m  Europe  t^^^i"g  J^^^^^^  Zlfeved  in  the  last  t^^ 
in  1894  and  1895.    The  countries  wh  c  ^h^f /  ^^^^^^^^^  ^f  chole: 

Years  were  Russia,  Austria,  and  Tn^key.    1  he       c  p  ^^^^ 
prevalence  was,  however,  f^^-^^.^Z^G^^^^^^  f-"^^^"  i 
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Austria  the  province  of  Galicia  chiefly  suffered,  the  insanitary  conditions  of 
Kjertain  localities  offering  especially  favourable  conditions  for  the  develop- 
itnent  of  the  disease. 

Although  at  one  time  or  another  cholera  has  extended  widely  over  the 
aaarth's  surface,  still  it  has,  so  far,  never  invaded  Australia,  the  Pacific 
jlslands,  St  Helena,  Ascension,  the  east  coast  of  Africa  south  of  Delagoa 
liBay,  Iceland,  the  Faroe  Islands,  the  Hebrides,  Orkney,  and  Lapland 
li(Hirsch).  Apart  from  the  possible  enjoyment  of  perhaps  special  sanitary 
advantages,  more  particularly  pure  and  wholesome  water-supplies,  local 
.-exemptions  from  cholera  are  mainly  due  to  the  relatively  little  communica- 
iction  between  the  places  in  question  and  the  continent  of  India,  or  other 
jDsntres  of  endemic  prevalence. 

Mortality. — This  is  often  enormous.  Some  figures,  as  regards  cholera 
lin  this  country,  are  shown  in  the  foUoAving  table  : — 


Date. 

England  and  Wales; 

London. 

Total  Cholera 
Deaths. 

Cholera  Deaths  per 
million  living. 

Total  Cholera 
Deaths. 

Cholera  Deaths  per 
million  living. 

1831 
1849 
1854 
1866 

30,924 
5.3,293 
20,097 
14,378 

2,225 
3,034 
1,094 
685 

11,240 
14,137 
10,738 
5,596 

6,784 
6,182 
4,288 
1,842 

English  experience  shows  the  prevalence  and  mortality  of  the  disease  to 
ebe  greater  in  the  second  than  the  first  year  of  the  epidemic.    The  fatality 
[of  cholera  is  also  very  high,  ranging  commonly  from  30  to  50  per  cent,  of 
those  attacked  :  it  is  said  to  be  greater  at  the  beginning  than  during  the 
,-;later  stages  of  an  outbreak. 

H     Influence  of  Climate,  Season,  and  Temperature.— Warmth  is  a  predis-' 
posing  condition  of  great  importance,  but  it  is  not,  in  itself,  sufficient  to 
:ause  an  outbreak  of  cholera,  nor  does  cold  necessarily  arrest  it.    That  a 
certain  degree  of  heat  favours  the  activity  of  the  poison  is  sufficiently 
svidenced  by  the  fact  that  in  Europe  the  disease  has  generally  attained  its 
greatest  prevalence  from  June  to  August,  subsiding  during  the  winter,  often 
;  ^^^y  to  reappear  in  the  following  summer.    There  are,  however,  exceptions 
•  0  this  general  rule  :  even  in  India  the  seasonal  curve  of  cholera  prevalence 
18  not  comcident  always  with  that  of  temperature.     In  Bengal  there  is 
cmet  maxunum  of  cholera  deaths  in  April,  with  a  smaller  one  in  Novem- 
:  m  the  Punjab  the  maximum  prevalence  is  in  August;  in  Bombay 


he  maximum  is  m  April;  in  the  North-West  Provinces" and  the  Deccan 
Sent  t"^       Madras  there  are  two  maxima,  in  February  and 

turp  *h^se  regions,  except  two,  the  highest  mean  tempera- 

Provi^^  ^'^'l^hed  m  May  or  early  June ;  in  the  Punjab  and  North-West 
•TwTiP  f  Madras  cholera  mortality  is  at  its  minimum  in 

•L,  wnen  the  mean  temperature  is  at  its  highest, 
upon  i-ainfall,  there  can  be  no  doubt  that  it  has  a  marked  influence 

Pancies  i  P^^'^^^'^^^®  cholera,  and  supplies  a  clue  to  many  of  the  discre- 
^  Reneril"  ^T^^.^^  connection  between  cholera  and  temperature.  As 

-levelonmrf  '  asserted  that  not  only  is  rain  connected  with  the 

spidemio  dissemination  of  cholera,  but  that  in  India  no  extensive 

2an  be  noT  ^Tl'{^  ^"""^  °^  "^^^^^  o*^^^^'  ^^^"^'^^ 

cioubt  that  the  reverse  effect  is  not  infrequent,  iiarticularly  if  the 


ft 
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rainfall  be  excessive,  prevalence  of  the  disease  being  prevented  by  destruci 
tion  of  the  micro-organisms  of  the  affection,  partly  as  the  direct  result  of  th? 
amount  of  Avater  in  the  soil,  and  partly  from  their  being  carried  further  fron: 
the  surface  where  they  are  no  longer  among  surroundings  favourable  t 


their  existence.  _        .  , 

Influence  of  Race,  Sex,  and  Age.— There  is  a  general  consensus  o 
opinion  among  authorities  that  the  incidence  and  severity  of  cholera  ar(, 
greater  among  negroes  than  Europeans,  but  as  to  the  relative  susceptibihti 
of  other  races  little  is  known.  The  evidence  as  to  influence  of  sex  is  im 
perfect :  what  there  is,  indicates  that  the  general  mortality  is  greater  amonj 
males  than  females,  but  that  the  case  fatality  is  in  excess  for  females  up  t 
twenty-five  years  of  age,  after  which  it  is  greater  for  males  As  regard 
acre  apart  from  sex,  the  actual  number  of  deaths  is  much  greater  during  th 
extkmes  of  life  than  during  the  middle  periods.    This  is  very  much  wh. 

micht  be  expected.  ,    .     ,     i  i 

''Etiology.— General  sanitary  defects,  no  doubt,  are  conducive  to  choler, 
prevalence  and  mortality,  as  determining  the  points  of  attack,  especiaUy  b 
Lducing  a  lowered  standard  of  health  with  diminished  P^--^^^ f 
and  by  specifically  fouling  the  air,  soil,  and  water.    The  words  o   Su  Joh 
Smon^  witten  in  1866,  are  as  true  of  to-day  as  they  were  of  thir  Y  yea 
He  says:  "  The  diffusion  of  cholera  among  us  depends  entirely  upo 
?he"numberless  filthy  faciUties  which  are  allowed  to  exist  and  specially  i 
our  larger  towns,  for  the  fouling  of  earth,  air,  and  water,  and  thus  secondar i 
?or  thelnfection  of  man,  with  whatever  contagium  may  be  contained  m  t 
mL^ellaneous  outflowings  of  the  population.   Excrement-sodden  ea^^^^^^^ 
ment-reekina  air,  excrement-tainted  water,  these  are  for  us  the  causes 
Sera  "    Henc;  the  disease  attacks  more  especiaUy  the  poorest  quarters  . 

o^  s  The  poison  doubtless  gains  access  to  the  system  --^ow  n, 
i^^re  rarely  by  inhalation,  the  incubation  period  being  from  a  few  hou 
Tthree  days    though  it  may  apparently  reach  as  much  as  ten  days.  _  T 

nfe  tion  fs  Sven  off°in  the  discharges  from  the  bowels  and  possibly  in 
vomit  a"so!  °  These  may  infect,  as  already  explained,  either  water,  milk,  so 

SogicaUy,  cholera  -exhibits  some  connection  with,  and  likeness  t 
diarrhea     Marked  prevalence  of  the  latter  disease  is  often  noticed  a. 
™?or  of  the  former  :  wlrile  both  appear  to  be  associated  Avith  fi  h,  a 
S  be  Influenced  by  heat  and  certain  physical  conditions  of  ^^^^^^^^'^^ 
particularly  porosity,  a  low  level  of  the  subsoil  water  and  a  subsoil  tempe 
ture  of  56"  F  at  4  feet  below  the  surface.    Clinically,  the  two  disea  es  a 
not  unrelated  for  such  differences  as  there  are  between  the  t^o  maladi 
^rt  maMy  df^Lces  in  degrees  of       S-^^"  J^^^^^^^^^^^ 
etiological  and  clinical  resemblance  between  cholera  and  d^^^ 
has  been  ably  discussed  by  Thompson  and  ^^^^J^J.     Ji^'^^^/^^,^^  eL' 
"cholera  may  after  all  be  bu   an  Asiatic  variety  o^^^^^  ^^^^^^ 

Z^^^tt^f^  ^vith  the 

dispose  although  doubtless  diffused,  even  there,  most  "ei^^^'^^J  J^f 
As  ive  shall  see  In  a  subsequent  seet.ou,  «"% "  5^^°"°  j 
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licro-organism  is  imported  into  countries  where  the  conditions  are  less 
ivourable  to  its  vitahty  and  multiplication  in  the  soil,  its  opportunities  for 
assing  to  man  are  limited  mainly  to  occasions  of  conveyance  by  water  and 
3mites.  Without  absolutely  accepting  these  views,  it  must  be  acknow- 
jdced  they  are  not  antagonistic  to  the  accepted  facts  concerning  cholera 
iffusion  and  prevalence,  and  at  the  same  time  afford  a  "  basis  for  reconcilia- 
lon  between  the  Anglo-Indian  and  British  schools  with  respect  to  the 
tiology  of  cholera." 

That  cholera  ultimately  depends  upon  micro-organic  life  processes  has 
een  provisionally  assumed  in  the  preceding  remarks.  Since  Koch  dis- 
overed  a  comma  bacillus  in  the  evacuations  and  intestines  of  cholera 
atients,  and  adduced  evidence  in  support  of  the  view  that  this  organism 
i  the  cause  of  the  disease,  the  comma  bacillus  has  become  generally  to  be 
egarded  as  the  real  infective  agent  of  cholera :  though  there  have  not  been 
/anting  competent  critics  who  question  the  pathogenesis  of  this  bacillus. 

Cholera  bacilli  appear  as  rods  curved  in  the  direction  of  their  long  axis 
0  as  to  resemble  a  comma  in  figure,  hence  the  name  "comma  bacillus." 
'hey  have  a  twist  in  addition  to  this  curve,  so  that  they  represent  a  kind 
f  spiral  bacteria :  when  connected  in  chains  they  give  rise  to  corkscrew 
orms.  A  flagellum  can  be  demonstrated  at  one  end,  but  no  spore  formation. 
L^hese  coromas  feebly  resist  chemical  reagents,  being  destroyed  by  the  acid 
f  the  gastric  juice,  and  refusing  to  grow  upon  feebly  acid  gelatine.  They 
re  kiUed  in  an  hour  by  a  temperature  of  55°  C,  and  much  more  rapidly 
t  higher  temperatures,  while  drying  causes  speedy  loss  of  the  power  of 
ievelopment. 

On  gelatine  plates,  the  individual  colonies  are  round,  and  lie  in  a  funnel- 
liaped  cavity,  due  to  liquefaction  of  the  medium :  when  viewed  with 
ransmitted  light  and  magnified,  they  look  like  ground  glass,  the  edge  of 
he  colony  being  finely  notched.  In  thrust  cultures  also  the  gelatine  liquefies 
lowly,  the  liquefaction  being  chiefly  seen  on  the  surface,  so  that  a  bubble 
>f  air  appears  in  the  upper  part  of  the  funnel-shaped  excavation.  From 

'  ■his  bubble  a  thin  prolongation  runs  doAvn  along  the  track  of  the  needle. 
When  liquefaction  has  gone  still  further  the  bacilli  sink  in  the  needle 
-rack,  and  the  bacilli  fall  to  the  bottom  as  a  greyish-white  sediment.  These 

I  oacilli  grow  with  a  fair  degree  of  luxuriance  upon  other  media  also,  in 

■ilkaUne  beef  bouillon,  giving  rise  to  general  turbidity,  while  the  surface 
ihows  a  thin  pellicle.    They  grow  also  in  sterilised  milk,  producing  no 

'Coagulation.  On  agar  the  bacilli  grow  in  the  form  of  a  whitish-grey  sliining 
expansion.  On  potato  at  the  ordinary  temperature  growth  does  not  take 
ilace,  but  when  it  is  incubated  at  from  30°  to  37°  C.  a  moist  layer  appears, 
''hich  assumes  a  dirty  brown  colour,  somewhat  like  that  of  the  glanders 
jaciUus.  It  has,  however,  a  greyish-brown  rather  than  a  chocolate  tint, 
lilood-serum  is  slowly  liquefied  by  the  growth  of  cholera  bacilli.    (Plate  XII. ) 

In  aU  old  cultures  numerous  involution  forms  are  seen.  Comma  bacilli 
^  am  best  with  an  aqueous  solution  of  fuchsin,  but  are  not  coloured  by 
-cram's  method. 

^  A  characteristic  property  of  the  cholera  bacillus  lies  in  the  fact  that 
^  ures  of  the  bacilli  in  media  containing  peptone  give  a  reddish-pink 
^0  our  m  a  short  time  when  treated  with  pure  sulphuric  acid.  This  colora- 
fact  n  spoken  of  as  the  cholera-red  reaction.    It  is  due  to  the 

the  ]^^-  ^^^^^  ^  nitrite  are  formed  by  the  sjnrillum  in  the  medium ; 
from  th  sulphuric  acid  causes  a  nitroso-indol  body  to  be  produced 

~,tha      -^i        ^^^^  gi"^6S  the  red  colour.     The  Vibrio  Metchnikovi  and 
•-fter  spirilla  give  this  cholera-red  reaction. 
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It  caiinot  be  said  that  the  final  proof  of  the  direct  pathogenic  relation  o, 
Koch's  bacillus  has  yet  been  obtained  by  inoculation,  although  injections  oi 
cultivations  into  lower  animals  have  been  followed  by  death.    On  the  oth-' 
hand,  it  has  been  urged  by  Klein  and  otliers  that  these  experiments  a 
inconclusive,  death  in  the  cases  quoted  being  not  so  much  induced  by  t" 
comma  bacilli  as  by  the  other  means  adopted,  and  that  other  bacilli  may 
substituted  without  altering  the  result.    There  can  be  no  question  that  t 
Vibrio  Metclinikovi  is  very  nearly  related  to  the  cholera  baciUus  of  Koc' 
but  that  the  various  other  forms  of  viljrio,  which  have  been  described,  a 
identical  remains  unproven.    From  all  the  evidence  at  our  command,  ther 
fore,  it  seems  impossible  to  question  the  truth  of  Koch's  original  vie' 
regarding  the  existence  of  a  specific  bacillus  in  cases  of  Asiatic  cholera,  or 
doubt  that  this  specific  bacillus  is  the  particular  spirillum  known  as  t 
comma  bacillus  of  cholera :  particularly  as  this  bacillus  is  invariably  presen 
and  intimately  associated  with  definite  changes  in  the  intestine  to  be  fou~ 
in  all  cases  of  Asiatic  cholera.    Lastly,  this  bacillus  is  seldom,  if  ever,  m 
with  in  the  evacuations  or  in  the  intestines,  either  in  health  or  diseas 
except  Asiatic  cholera. 

The  precise  parts  taken  by  air,  milk,  soil,  and  water  in  the  diffusion 
cholera  have  already  been  considered  elsewhere.    Of  these,  brief  menti 
need  only  again  be  made  in  respect  of  the  two  latter.    The  whole  course 
not  only  the  last  great  epidemic  of  cholera  in  Europe  in  1892,  but  of 
others,  especially  in   England,  shows   that   the  disease   is  propagat 
mechanically,  and  that  the  influence  of  the  soil  is  quite  subsidiary.  0 
the  other  hand,  soil  may,  and  doubtless  does,  serve  as  a  medium  in  whi 
the  cholera  virus  can  survive  outside  the  human  body.  Confirmative 
this  view  are  the  strildng  instances,  from  India,  in  which  fresh  sand,  fro 
the  banks  of  rivers  used  as  bathing  places  by  the  infected,  placed  in  filte 
has  been  the  means  apparently  of  giving  rise  to  outbreaks  of  cholera  to  tho 
partaking  of  the  water  filtered  through  it. 

As  regards  water,  the  earlier  objections  to  the  possibility  of  chole 
commas  conveying  the  disease,  because  of  their  alleged  inability  to  survi 
any  length  of  time  in  water,  are  no  longer  tenable.  Many  observers  ha 
shown  that  cholera  commas  not  only  live  but  multiply  in  drinking  wate 
Although  results  on  this  point  have  been  conflicting  and  difficult  fu 
to  reconcile,  still  the  inference  is  undeniable  that  cholera  can  be  and 
conveyed  and  diffused  by  drinking  water  more  frequently  than  by  anyth" 
else. 

Striking  as  are  the  historical  facts  in  connection  with  the  relation 
cholera  to  water,  we  do  not  desire  to  suggest  that  water-carriage  constitut 
even  in  Europe,  the  only  means  of  the  propagation  of  cholera.    We  w' 
specially  to  emphasise  the  fact  that  experience  lias  proved  that  poUut 
Avater-supplies  have  played  at  all  times  a  conspicuous  part  in  the  dissemi: 
tion  of  the  disease.    At  the  same  time,  the  behaviour  of  cholera,  not  only 
India  but  in  Europe,  seems  to  require  for  its  explanation  a  theory  of  t 
ability  of  the  cholera  organism  or  virus  to  maintain  life,  or  even  p" 
through  some  phase  of  its  life  outside  the  animal  body,  most  probably  in  t 
soil.  °It  is  not  unlikely  that  it  is  capable,  under  certain  circumstances, 
escaping  from  the  soil  and  infecting  human  l)eings,  either  directly  or  _ 
fastening  on  to  food.    European  experience  has  shown,  over  and  over 
that  cholera  attains  its  widest  diffusion  during  the  second  year  of 
epidemic  appearance  :  and  as  the  later  diffusions  were  apparently  connec 
with  the  earlier  manifestations,  it  is  not  improbable  that,  during  t 
interval,  the  cholera  organism,  "although  reduced  to  a  relatively  late^ 
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oudition,  as  regards  pathogenic  manifestation,  must  have  continued  its 
xistence — presumably  in  the  soil." 

In  connection  with  this  point,  Sims  Woodhead  has  pointed  out  that  the 
:enerally  accepted  cholera  organism,  or  comma  bacillus,  when  growiit 
laerobically,  gains  increased  virulence,  but  largely  loses  its  power  of 
sesistance  to  germicidal  agents.  Conversely,  when  grown  aerobicaUy,  it 
1-argely  loses  its  virulence,  but  gains  in  resisting  power,  "  Its  cultivation  in 
he  bodies  of  human  hosts,  therefore,  while  augmenting  its  virulence,  does, 
lot  tend  to  preserve  that  section  of  a  given  crop  which  has  taken  to  colonise 
II  the  human  subject.  On  the  other  hand,  its  aerobic  existence  outside 
he  human  body,  wliile  diminishing  its  ability  for  immediate  harm  to 
luman  beings,  increases  its  ability  of  maintaining  itself,  and  of  migrating- 
rom  the  soil  to  man  when  favourable  conditions  shall  come  round."  These 
'acts  further  may  explain  why  cholera  displays  so  little  tendency  to  spread 
mmediately  from  person  to  person,  but  yet  readily  disseminates  itself  by 
1  iomites,  such  as  infected  body-linen. 

jl  Prevention. — Our  course  of  action  and  duties  in  this  respect  cannot  be 
: :  nore  tersely  stated  than  in  the  following  extract  from  a  Memorandum, 
•vvssued  in  1892  to  the  Sanitary  Authorities  of  England  and  Wales,  by  the 
I !, Medical  Officer  of  the  Local  Government  Board. 

"  Cholera  in  England  shows  itself  so  little  contagious,  in  the  sense  in  which  small-pox 
md  scarlatina  are  commonly  called  contagious,  that,  if  reasonable  care  be  taken  where 
tis  present,  there  is  almost  no  risk  that  the  disease  will  spread  to  persons  who  nurse 
I  ind  otherwise  closely  attend  upon  the  sick.    But  cholera  has  a  certain  peculiar 
infectiveness  of  its  own,  which,  ^vhere  local  conditions  assist,  can  operate  with  terrible 

■  force,  and  at  considerable  distances  from  the  sick.    It  is  characteristic  of  cholera  (and 

■  !is  much  so  of  the  slight  cases  where  diarrhoea  is  the  only  symptom  as  of  the  disease  in 

more  developed  and  alarming  forms)  that  the  matters  lohich  the  patient  discharges- 
,  tro-m  his  stomach  and  bowels  are  infective.    Probably,  under  ordinary  circumstances,  the 
.  .patient  has  no  power  of  infecting  other  persons  except  by  means  of  these  discharges  ; 
nor  any  power  of  infecting  even  by  them  except  in  so  far  as  these  matters  are  enabled 
to  taint  the  food,  water,  or  air  which  people  consume.    Thus,  when  a  case  of  cholera  is 
'  imported  into  any  place,  the  disease  is  not  likely  to  spread  unless  in  proportion  as  it 
'  finds,  locally  open  to  it,  certain  facilities  for  spreading  by  indirect  infection. 
\  ..  "  ^°  order  rightly  to  appreciate  what  these  facilities  must  be,  the  following  considera- 
I  ^'tlons  have  to  be  borne  in  mind  : — First,  that  any  choleraic  discharge,  cast  without 
previous  thorough  disinfection  into  any  cesspool  or  drain,  or  other  depository  or  conduit 
of  filth,  is  able  to  infect  the  excremental  matters  with  which  it  there  mingles,  and 

■  probably,  more  or  less,  the  effluvia  which  those  matters  evolve  ;  secondly,  that  the 
infective  power  of  choleraic  discharges  attaches  to  whatever  bedding,  clothing,  towels, 
and  like  things  have  been  imbued  with  them,  and  renders  these  things,  if  not 

.  thoroughly  disinfected,  capable  of  spreading  the  disease  in  places  to  which  they  are 
sent  for  washing  or  other  purposes ;  thirdly,  that  if,  by  leakage  or  soakage  from  cess- 

.  pods  or  drains,  or  through  reckless  casting  out  of  slops  and  waste  water,  any  taint. 
Inowever  small)  of  the  infective  material  gets  access  to  wells  or  other  sources  of 
drinki-   - 


igntest  degree,  and  perhaps  quite  unsuspected  in  its  neighbourhood,  may,  if  local 


popuiati*"*^^  <^o-opc?-ate,  exert  a  terribly  infective  power   on  considerable  masses  of 

■  f  dangers  which  have  to  be  guarded  against  as  favouring  the  spread  of  cholera 
niection  are  particularly  two.  First,  and  above  all,  there  is  the  danger  of  Wateii- 
like  v'^h'  f  i"^'^  ^^^^  slightest)  degree  tainted  by  house  refuse  or  other 

drain ■         '      ^^lere  there  is  outflow,  leakage,  or  filtration  from  sewers,  house 
•  reserv'' ^"7^*^^'  '^''^^P°°^^>  foul  ditches  or  the  like  into  springs,  streams,  wells,  or 
are  sit ''^f'      j  which  the  supply  of  water  is  drawn,  or  into  the  soil  in  which  the  wells 
the  san*  r  f  •  which  may  exist  on  a  small  scale  (but  perhaps  often  repeated  in 

-  vast  ac\  '''^ct)  at  the  pump  or  dip-well  of  a  private  house,  or,  on  a  large  or  even 
'  breathin  '^'^^^     public  water-works.    And  secondly,  there  is  the  danger  of' 

"ng  AIR  which  is  foul  with  effluvia  from  the  same  sorts  of  impurity. 
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"  Information  as  to  the  high  degree  in  which  those  two  dangers  affect  the  public  health 
in  ordinary  times,  and  as  to  the  special  importance  which  attaches  to  them  at  times 
when  any  diarrht^al  infection  is  likely  to  be  introduced,  has  now  tor  so  many  year  been 
before  the  public,  that  the  improved  systems  of  refuse  removal  and  ^vater-supply  by 
which  thosJdangers  are  permanently  obviated  for  large  populations,  and  also  the  minor 
structuralTmprovements  by  which  separate  households  are  secured  against  them,  ought 

lone  ago  to  have  come  into  universal  use.  ,    ,  •,  •  -i.  jtof^i^t 

"  So  far  however,  as  this  wiser  course  has  not  been  adopted  in  any  sanitary  district, 
security  must,  as  far  as  practicable,  be  sought  in  measures  of  a  temporary  and  palliative 

(a)  Immediate  and  searching  examination  of  sources  and  conduits  of  water-supply  , 
should  be  made  in  all  cases  where  drinking  water  is  in  any  degree  open  to  the  suspicion 
of°mpurit?;  and  the  water  both  from  private  and  public  sources  should  be  exam  n^. 
Wh«rpollution  is  discovered,  everything  practicable  should  be  done  to  prevent  the  > 
Llntionrom  continuing,  or,  if  this  object  cannot  be  attamed,  to  prevent  the  water 
from  beilig  Zunk.    Cisterns  should  be  cleaned,  and  any  connections  of  waste  pipea  with 

^'''"^l^'^^l^^ZZy]  there  should  be  immediate  thorough  removal  of  every  sort  of 
house  refusT  and  othe  filth  which  has  accumulated  in  neglected  places  ;  future 
«nZiulationsofthesame  sort  should  be  prevented  ;  attention  should  be  given  to  aU 
ScTof  l  ouse  drahis  and  sinks  through  which  offensive  smells  can  reach  houses ; 
toroulh  washing  and  limewashing  of  uncleanly  premises,  especially  of  such  as  are 

^-^lf  rrSfrl^^^^^^^^^^^^  o^the  country,  conditions 

the  disease  has  actually  made  its  appearance.  ; 

Preventive  Inoculation. -Admitting  tlie  value  and  .^^^f  ^J^^^^^^^  W 
principles  above  referred  to,  it  is  none  the  less  certam  that  consideraUj 
Smunities  are  quite  unable  to  command  the  condition,  to  be  desired  aaj 
crsTquently  the  question  has  arisen  as  to  the  possibility  of  Protecting  the 
SSual  members  of  such  communities  from  the  .^^^^S^^  «^  f^t^ 

he  inoculation  of  minute  doses  of  the  poison  which  produces  chole^, 

Sthough  the  idea  of  inoculation  against  ^l-l^/^^Mhi^^e^  T^^^^ 
process  established  on  a  scientific  basis  was  that  of  Haffkine  ,1 
Kera  inoculation  as  practised  by  Haffkine  depends  upon  (a)  attenuat 

aive  practical  tests  in  many  parts  of  India. 
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earliest  knowledge  of  dengue  does  not  go  farther  back  than  1780  when  it 
prevailed  extensively  in_  Egypt,  Batavia,  Spain,  and  Portuguese  Ind  a  Its 
farst  recognition  as  a  distinct  disease  was  made  during  outbreaks  in  India  in 
ni  1827  8  ^"'of  West  Indies  and  Southern  States  of  Sri  a 

in  1827-8.    S  nee  then  it  has  repeatedly  been  recognised  and  descXd  S 

Sypf  S'Anf  rJf"^"^i  T""'''^''  P-ticidarly  as  ende^c  S 

heat  IS  clearlv  dpfinprl     v.rL   ■    ^    """J'-    -i-ne  relation  of  the  disease  to 

lecline  or  die  out  ii,  theToTdest  mmfh,     n  '         ''''  *™J"> 

...lirect  influence  by  its 'Lfon to  Z^Z*^,^'"  '°  ""'^  ""'^ 

affection     M  I  S  1a     ?POradio  or  epidemic  manifestations  of  the 

0  such,  or  may  involve  the  whole  plukS„  ^.f'"*  "ay  be  limited 

^"ally  by  the  breath,  and  pLTbTrby  the  1..^  ^"^'"V^^  S^^^^ 
'Hf-   Several  observers  ha^e  fold  wha^^^^^^^^^  and  cutaneous  emana- 
te blood  of  patients  suffering  W  ^?      P^^^sitic  bodies 

't  been  satisfactorilHem^^^^  «P«"fic  agent  has 

;'Per  to  the  secondTage  If^l' ^^^^^^^^  the  eruption 

t^ent  is  liable  to  relapses  or  Teci^rences     In  ''^^ 

^orders  among  horses'and  catt     are  said  1--  'P'^^T^^  ^P^^^^^ic 

"guemmen.    The  nrecise  voIup  nf  Ti       I  ■       synchronised  with 
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tern,  di 

Wealthy  bowel  again^  rrftatW^         7 ^  ""^'^^^  ^''^'^^tio^^ 

f'.'j^on,  still  considerable  evSeteLTs^sTn^^       ^  f"?"^  ^^^'^^^^^  "eternal 

s^- r       ?  r   « " 

™-t  manifestation^of  a-PHl^l- l^b^,  ^  Hote*; -^^^ 
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group.    As  affecting  l.-ge  —  o^^^^^^^^^^ 

and  displaying  a  decided  aftmity  designated  as  Epidemic 

seasons,  the  diarrhcBa       ^^.^^^'^^^^^^^  features,  its  symptoms 

diarrhoea :  and,  m  tliB  ^^atter  of  it  ^V^^^^^  -  ^        ^i^,,hoea  is  but 
and  pathology,  constitutes  a 

one  of  its  several  symptoms,  ^/^^f  ^'^yj'XBa  amonAis  "  Principal  Zymotic 
the  Kegistrar-General,  who  includes  f  f  ^^'^^.^^^^'^^^^^  ,  c^Uege  of  Physicians 

Diseases  " ;  -'^^^^^'^^ ^^^r^rZ'^^^^^ 

also  classifies  pSomena  of  the  disease  are 

According  to  ^^aUaid    Jl^e  learn  ^^^^^^ 

diarrhoea,  vomiting  ^onvubive  phenom^^^^^^  isVo'mal ;  reduction  in  quantity 
periods  above,  at  other  peiuods  below^  w^^^^^^^^^  ^^^^^  ^^^^^^ 

or  actual  suppression  of  ,^"^f '  ^^^J^Xo^ry  inflammation 
for,  commonly  Pl^y^]^^^^^?  f  T.fof  uXand  flesh,  and  exliaustion,  with 
paUor  of  surface  of  ^h^,  .^^f^^' i^^^urL  L 

its  various  weU-known  f  n^^f  /^^^^^^^^^  ,,,^,^,,3  been  observed  on  the  body." 
is  jaundice.  Now  and  then  a  (f^S;;^^^> '^'^'.^^^  symptoms,  he  goes  on  to  say 
After  giving  detailed  remarks  ^^-^^^J^^^^^^^^^^  Xost  my  belief,  that  the 
that  "I  may  here  ^^ate  my  strong  s^^^^^^  J^^^^  ^^^^  ^ 

Hialady  usually  charac  eri^  d^^  ^^^^^^^^  I  ther 

last,  and  even  to  death,  ^1^^°™/'^'/,        ^^^^^  the  prominent  symptom  ofi 

cases,  although  diarrha3a  «c'^^^^'^'  f^^^^^^^  ^^X^  or  of  short  duration.". 

the  disorder  :  it  may     comparatively  of  ^ti^^  am  ^^^^  ^^^^^ 

Influence  of  Age,  Sex,  and  Season  -Th^  ^  '^y^^  ^.^^^^^  Thd 

.yBiotics  in  infancy,  causing  month,  has  by  fa^ 

first  year  of  life,  especially  f^^^  ^h^  'i'l'^ortahty  diminishes  untd  abou 
the  gLtest  mortality.    From  m  an^^^^^^^^  ^^^.^  ,f  l,fe 

the  twentieth  year,  after  which   t  a  am  m  ^^^^  ^^^^^ 

No  age  is  exempt  from  attack,  gj^t  or  at  aU  events  is  fa^^ 

Sightly  greater  in  the  second  year  than^^e  first  0^ 

rlMe^^st  or  that  "infants  an; 

attacked,  althougl 

S7fu"neU  ^^^^  ll  ,te.'tt  ter  among  males  at  all  age. 

As  regards  sex,  the  liability  to  attack  ^s   re^^       ^^^^       ^^^^^^^^  ^^^^ 

The  mortality  is  grea  er  for  ™^  aboift  the  forty-fifth  ye; 

what  greater  for  females  from  the  second  o  tnn:  ^^^^^^^^^  ^^^^^^^ 

Fatal  diarrhoea  occurs  at  ^^^^^fhi  London,  the  mortality  curv 
summer.     Whitelegge  lias  ^^own  tha  '  m  L      ^  ,  ^.^^^^  ^.^^  ^^^^^^^^^ 

based  upon  the  records  of  many  '  ^  jts  maximum  m  the  fir 
Tune  rapidly  increasing  m  Jidy,  ^^'^  '^^"^'''"^^fi^iiv  throughout  Septemb 
we^k'  o?Ai4st  after  which  J  ^L^^^^^S  is^^^^  Httle  variatio 
and  October.    Dunng  the  rest  ^lie j  ^^^^^^^  diarrhoea  ma ^ 

The  same  facts  apply  cl^^el/ f  ^^^^^^  Preston  which 

regarded  as  ^-f  ^  J.^^^y^^^^^^^  notoriety  in  this  res,.  ^ 

some  years  past  ^ave  enjoy  mortality.  , 

epidemic  diarrhoea  causes  ali^^^^    incubation  period  is  apparently 
Infectivity  and  Etiology,    ine  r  many  mstm  > 

short,  varying  from  ^.^^^^ZX^  ^^on.  by  means  of  the  excv; 
diarrhoea  has  appeared  to      f  "^^^.'^^^'.^i,,,  ^as  the  micro-organism  upon 
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organism,  the  B.  entenUdis  sporogenes,  associated  with  localised  diarrhoea 
epidemics  due  to  milk,  with  summer  diarrhcsa  and  with  English  cholera 

Ihe  chief  facts  concerning  the  prevalence  of  this  form  of  disease  may  be 
summarised  in  the  terms  of  the  results  of  BaUard's  inquiry  into  its  causation, 
as  explained  in  his  Eeport  to  the  Local  Government  Board  in  1887 

Elevation  of  site  influences  diarrhoeal  mortality  only  in  so  far  as  it  affects 
infant  mortaHty  from  aU  causes.  ^ 

^ozj. -Loose  porous  sod  is  most  conducive  to  mortality  from  diarrhoea  • 
particularly  if  coupled  with  organic  fouling  of  the  earth,  n^  matter  whether' 
vegetable  or  excremental.  Diarrhoea  is  prevalent  upon  sites  such  as  "made 
.Us,  or  on  ground  poUuted  by  drain  or  cesspool  leakage.  Both  excessive 
|vetness  and  excessive  dryness  of  soU  seem  to  lessen  diarrheal  mSitv 
but  a  moderate  dampness  of  soil  favours  it  mortality, 
Temperature.-The  mortality  from  diarrhoea  is  usually  high  when  the  air 
temperature  IS  high  but  this  is  only  indirectly  so,  bLausHhe  hthest 

lian  It  does  with  the  thermometers  m  the  soil.  The  summer  rise  in  the 
wrh(.a  death-rate  does  not  commence  until  the  mean  te^eratu  ^  S  he 

tt  r  .  /T""!?'       ''^'^'^       ^- '  ^«  what  heat  may  have 

^een  recorded  by  the  air  and  1-foot  soH-thermometers.     The  maimum 
nortahty  and  decline  in  the  diarrhoea  rate  coincide  with  the  mea™klv 
'"'"^  ''"^^'^^'''^^  by  theTfTotTarth' 

Radnfall  exerts  little  influence,  except  by  its  eff-ects  upon  soU-temDeraturP 
rhe  diarrhoea  death-rate  is  greater  in  dry  seasons  and  leL  in  we  o?es 

mud  lessens  the  mortality,  but  calm,  stagnant  days  promote  it 

^mt^Sr^v^e'r;  t^^^^^^^  —  '^^"-^^  -  —7 
•  ith'^ovei^fy'''""''"'''       '  -«^aUy  associated 

atySS=iS;r&^^         '^-^^  «^  P^P^-ion, 

^P^^^^^  P--^--  «f  diarrhc^a,  not 
'"e  subiance  <'whtr^X;  "^'l^^^  ^'^^  contaminated  with 
alady."    The  morTaUtv  i.  !   T  '^''^^  the 

'ildren-  thr^.T  f  .  "^^^^^^igh  among  the  artificially  or  bottle-fed 

Mat^nal  ^IT  ^^^  T^^"^'  ^'"^g  remarkably  exempt. 

'°  ^"f^;-^-^  --^^lity!  t^s  is  specially 
-  legitimate  ^"'^''S  illegitimate  children  as  compared  with 

^■S7eXfon{f{:r:;rir  ^'r/^ -Cueing  to  neglect  and 
Upon  tbPQo°  A  ""^"ts  promotes  diarrhoeal  mortaUty. 

re'„f1pl°„tZj,7'  "f"'  *J  inference  "that 

«f  the  earth  whe  eTk  t    T,  »»perficial 

the  vital  manifestation,  of  such  organism  are  dependent,  among 
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other  things,  perhaps  principally  upon  concUtions  of  s»«=on,  and  on  the 
presence  of  dead  organic  matter,  which  is      Pf"!™^;     ^  i^, 

Snt  ot-  tn-H^'g  "cJganic  material  (e— ^"O^,  -l'^*- 

".iven  two  towns  equally  placed  so  far  as  social  and  sanitary 

ar?  conceTneS,  their'relaUe  diarrhoeal  mortality  - Xinf " h  towr, 

height  of  the  temperature  and  '^e  «ciency  ^rf^^^^ 

organisms  that  act  as  the  causa  causans  oi  ^^^^l^^'^l^^'J^,  Inghways." 
the  horse-dmg  that  is  daily  deposited  in  vast  quant^  les  upon  o  ^^^^ 

The  connection  between  cleanliness  and  heaitli  is  wen 
following  table,  given  by  Hope  :— 


Period. 


Average  Annual  Kainfall,  June  to  September. 


Six  years,  . 
Eourteen  years, 
Extreme  years- 

1891, .  . 

1895,  .  . 


13*8  inches 
10-9 

16-0 
7-7  „ 


Average  wet  summers. 
Average  dry  summers. 

"Wet  summer. 
Dry  summer. 


Annual  Average  of 
Deaths  from  Zymotic 
Diarrhoea  dui-ing  the 
Tliird  Quarter  of 
the  Year. 


373 
573 

203 
819 


"  The  difference  in  rainfaU  between  the  two  years  1891  and  1895  me^. 
The  difference  in  ^^^^  distributed  to  the  City 

Strp^oUn  t^e^^^^^  low  xnortahty  which  were  absent  m  the 

warm  season  of  high  ^o'^tality.''  diarrhceal  rate  in  the 

Strat^dlt^r?:t:!:rtS^^^^ 

""tdistinction  must  be  made  between  ^J^^^:^^^:^^ 
theiregoing  and  certain^^^^^^^  ^^^it l^t^^^^^^^^  i^po^^ 
sionally  occur  in  public  ^^^^^Yj^^'^^f .  ^^^],  especially  water,  whea: 

vestigation,  be  traced  to  articles  of  food  or  diml ,  i 
containing  excess  of  mmera  salts  sewage  oi  ^^^^^  ^ 

milk  and  butter,  or  cheese,  "^^^  g"^" /^'^'/^^^Hn,  by  some  specific  gaS: 
fermentative  changes  m  themselve  Tinned  meats, 

especially  when  stored  ^  Sh  tt  on  several  occasions  be^ 

pork  pies,  ham  and  game,  ^^^^l^^^'^   d^rhceal  outbreaks.    In  tbes 
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sod  the  absolute  necessity  of  cleansing  and  watering  streets,  the  absolute 
avoidance  of  "made  soils"  as  sites  for  dweUings,  the  exclusion  of  soil-air 
Irom  the  house,  the  careful  storage  of  all  food  in  suitably  arranged  and  well- 
x  entilated  larders,  and  the  dismfection  of  all  excretal  evacuations. 

DIPHTHERIA. 

Under  the  name  of  angina  mahgna,  epidemics  of  this  disease  have  been 
known  since  very  early  times :  but  as  applied  to  epidemics  of  malignant 
.ore  tliroat  destroying  life  by  suffocation,  attacking  cMdren  rather  than 
alultj^  and  sometimes  leaving  paralytic  sequelae,  the  name  diphtheria  dates 
only  from  about  1826.  The  history  of  this  affection  indicates  a  tendency  to 
.ychcal  epidemicity,  though  the  cycles  "have  extended  over  periods  of 

.leoXi' ""^Tt-  "^^""^ 't*^?^,  l^^ting  several 

decades  This  is  particularly  well  shown  in  the  experience  of  England 
where  locahsed  outbreaks  occurred  from  1815  to  1825,  after  which  the 
country  was  almost  free  from  the  disease  until  1857,  when,  as  part  of  a 

fhe  dtpSr  l'        T\f'  ^^^"P^'     ^PP^^^^'i  ^S^^-  then 

the  disease  has  practicaUy  never  been  absent  from  this  country,  and  at  the 

'"'l^^i:n7rv'''r'  indications  of  a  tendency  to  increase  ii'prevalence! 

Influence  of  Climate  and  Season. -Although  no  climate  can  be  said  to 
..'ive  immunity,  the  tropics  suffer  less  than  cold  and  temperate  climates. 

ihe  curves  of  both  seasonal  prevalence  and  mortality  show  a  marked 

^1?^  ^^"^g        autumn  and  ^vinte^  Ln 

hu-mg  the  warmer  months;  the  maximum  mortahty  beina  reached  in 
N  ovember  and  December,  and  the  minimum  in  the  summer.    The  sai^ 
enera  relation  of  diphtheria  prevalence  to  the  seasons  of  the  year  appears 

Swi   b,r?  "^''^   favourable  to  the  general  prevalence  of 

pMheria,  but  American  experience  indicates  that  it  can  prevail  with 

-  verity  in  very  dry  weather.  Newsholme  believes  that  "  diphtheria  onlv 
mr  LTonX  r  ?  ^  ^^^^^^      deficient  and  th:  ep^ 

Zediatelv  fdlow '^'t ''t  ''^''l'^^-  «^  ^ove  years  of  deficient  rainfall 

V  tWd  micShP^  f^     1     ^'T'^'^^l^  unassociated 

.f  soiS  nv  fn  '  f  "ally  m  these  instances  there  is  evidence 

t  some  rise  in  the  curve  of  diphtheritic  death-rate.    Conversely  diphtheria 

-repfdS;*  '  ^^^^^      excessive  raSfXand  i: 

'  SrvPoiT^         years  when  the  disease  m  the  immediately  pre- 
Srea7Ll'U'  W^^^^^^  community  and  continues 

-^Znt'rSZf^  P'f infection."  How  far  the  influence  of 
he  Scrobhl  .'^iP'","^'"^"^''  hy  stimulating  the  activity  of 

rKuS  1  *he  disease,  and  how  far  it  is  indirect,  by  increadng 

-nl  tff       •  P  ^""^^^'"^^^ '       P^^bably  it  acts  in  both  ways.  As 

Sw  fhV  ^^"^^  ^^""b*^  hut  that  anything  which  tends 

4^XaL7Z^^Z^  ordinary  Whs,  pre- 
he  body  totfetinn  "'^'^  ^""'""^^^        general  susceptibility  of 

iXnce  of  r^S^C  ^^^ri'"''''  "i"^^  "^''^''^  °f  the  disease. 
^-ribPfl T  ^  e.u  ^  '  Race.— Of  the  whole  number  of  deatlis 

^  Chi  dr^^^^  the  year  1898,  more  than  nine-tenths  were  th  s 

'"i  ThorL  ^hle  hlv     l"^*^-    it  ''^t'^'  hoth  Power 

^en  apa rt  from  t^P  ''T  ^"'^^'^^^^^  of  the  disease, 

ctweeu  th^^es  of  tir""''!  ?  "t""^  attendance,  is  greatest  upon  children 
^"^ales  than  ?n  ol  inl  ^'"^  ^T^'''  ^T''    ^''^  ^^^^^'-^hty  is  greater  among 
nan  among  males  at  all  ages  between  three  and  forty-five  years  • 
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after  that  period  the  male  mortality  seems  to  be  slightly  in  excess  of  the 
Lmale.1us?as  it  is  durirxg  the  first  two  years  of  life.  The  excess  of  emak 
mortal  ty  at  certain  ages  increases  precisely  as  the  age  advances  ^hi^^  fits 
Te  female  more  and  more  to  take  some  share  m  the  care  of  home,  and  of 
relations  during  periods  of  sickness  (Thorne-Thorne). 

As  regards  race,  the  balance  of  our  present  evidence  seems  to  be  m  ia^  our 
of  the  view  that  there  is  no  racial  immunity  to  this  disease.  _ 

Muence  of  Locality. -Until  the  last  few  years  ^^V^'^'I'^^  ^''^'^l 
toaU  authorities,  was  especially  a  disease      sparsely  poijidatecU^^^^^^^^^^ 
but  now,  one  of  its  most  striking  characteristics  is  its  tendency  ^o  prevail 
in  towns,  and  in  the  more  densely  peopled 

1861-70,  while  the  diphtheria  mortality  rate  per  ^i^^^^/^YgS  Q 
England  and  Wales,  187,  it  was  for  London  only  179.    In  1871  80  the 
rotM  were  121  and  122  respectively,  and  m  1881-90  they  were  loo  lor 
EngWanrWes  and  259  L  London.  Thus, 

decided  increase  in  diphtheria  mortality  m  the  country  generally,  this  increase 
£:t"  vely  gLter  in  the  metropdis.  Bnt  1^-  .^^^^^^^^^ 
been  by  no  means  limited  to  the  metropohs  as  Longstaff  has  clearly  shown 
that^in  each  successive  decennium  the  diphtheria  mortahty  of  the  towns 
aeneraUy  has  become  relatively  greater  than  that  of  the  rural  ^ff',, 
^  Tt  hi  elsewhere  been  pointed  out  that  soil  dampness  appears  o  be  closely 
assoc  atd  w  ti  the  prevLnce  of  diphtheria;  but  admitting  the  material 
Xence  wMch  this  condition  must  have  in  impairing  the  general  heal  h 

wmmmmm 

and  suppUed  with  a  necessary  amount  of  heat,  tliey  can  re^au 

rising  slightly  in  England  and  Wales  -o-^f  indfca  "d  ta  t  eToUo^ing 

tt»';anrS  Wales  -  82  £  ^Z:^^ 

the  average  rate  in  the  ten-year  P'™^  ISf^;^^'^;'^'"^ 
million,  and  higher  than  in  any  P^vions  yea.  on  record  ^  mi  P  , 

1868  and  1859,  in  ivh.oh  years  the  rates  ^8="  '"^  °  .^^  D„,sel, 
All  the  connty  rate,  from  diphUiei-ia,  except '^-j°\Hi  "^^^^^^^^^^  deoen- 
Notts,  Northnmberland,  and  North  Wales,  ,  thegeneisl 

nia.  averages.    In  thirtyJ~^^ 


rate 
to  com 


Suiie^  542),  Sussex  (473)  Kent  ^^^^^''^ ^^^^^^'^^^^^^ 
(422)  Middlesex  (413),  and  Bucks  (36^.^11?™  ;^^^^ 
omitting  Wilts,  form  a  continuous  .'^^f  J  .f.^^^^  Mortahty  froin 

known  as  the  South-Eastern  ^^^^^'f^^lJ^  Z^  612  per  miUion  living, 
diphtheria  in  the  ten  counties  above  ™f  ^^^^^^Ji  the  mean  rate  dad 

:orexttl9rpS^^^^^  ^--^^  '''''^ 
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epidemics,  and  there  is  little  constancy  even  in  the  same  epidemic.  Hitherto, 
m  well-marked  cases  it  has  been  frequently  35  per  cent,  or  more,  but  by 
"anti-toxin"  treatment  this  rate  may  be  considerably  reduced. 


I  Year. 

! 

England  and  Wales. 

London. 

Thirty-three  other  Large 
Towns. 

1874 

150 

120 

1875 

142 

170 

1876 

130 

110 

■  *  1 

1877 

110 

88 

... 

1878 

140 

150 

... 

1879 

120 

155 

1880 

110 

144 

... 

T  O  O  1 

lool 

120 

170 

T  oon 

152 

220 

160 

1883 

160 

244 

160 

1884 

186 

240 

170 

1885 

160 

227 

170 

1886 

160 

210 

160 

1887 

160 

230 

180 

1888 

170 

300 

210 

1889 

189 

390 

260 

1890 

180 

331 

240 

1891 

173 

340 

290 

1892 

222 

440 

270 

1893 

318 

758 

430 

1894 

292 

610 

380 

1895 

260 

530 

350 

1896 

292 

600 

380 

1897 

246 

510 

310 

1898 

244 

390 

310 

Infectmty  and  Etiology.— It  is  now  weU  established  that  diphtheria  is 
a  highly  contagious  disease,  transmissible  from  person  to  person,  and  havino' 
a  contagium  belonging  to  the  group  called  fixed  contagia.  The  incubation 
period  is  short,  and  has  been  between  three  and  five  days  in  most  cases  in 
which  exact  determination  was  possible,  but  the  range  has  been  stated  to 
t'e  from  a  few  hours  to  as  much  as  eight  or  fourteen  days.  The  early 
sjTOptoms  are  often  insidious,  but  in  most  cases  the  membrane  is  visible 
withm  a  few  days  of  the  onset,  if  not  at  first.  In  non-fatal  cases  the 
Liisease  usually  runs  its  course  in  two  or  three  weeks. 

As  regards  the  actual  diffusion  of  the  disease,  direct  infection  from  the 
case  plays  the  chief  part.  In  this  process  the  virus  is,  probably,  given  off 
5.y  the  breath  from  the  throat  of  the  patient,  but  actual  contact,  as  in 
i^issing,  and  the  attachment  of  the  virus  to  drinking  vessels  and  spoons  is 
in  many  cases  responsible  for  infection.  ' 

Klebs  was  the  first  to  draw  attention  to  the  presence  of  bacilli  in 
iiptithena,  an  observation  confirmed  and  elaborated  by  Loffler.    The  bacilli 
tre  unmotile,  straight  or  slightly  curved  rods  usuaUy  about  3  yit  in  length 
n„-!if^T'  ^'^^^y,®'"'  varies  in  different  cases,  and  varieties  liave  been  distin- 
Cv  n  rl^nT  They  stain  deeply  with  Loffler's  blue,  and  often 

ow  a  clotted  or  beaded  appearance.  Sometimes  the  ends  are  swollen,  often 
'ivcerinp;  '  t^P^red  off.  They  grow  well  upon  blood-serum,  or  upon 
oafes  X^^';  00^  n^'t^^^  speaking,  they  grow  best  at  37°  C,  growth  still 
vhen  cinl f  ,^  1  ^■•'^''^  rr''  20°  C.  They  retain  their  vitality  even 
vneii  completely  dried,  and  Loffler  found  them  still  capable  of  developing 
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after  101  days.  If  diphtheritic  membranes  are  protected  from  the  action  of  • 
light  and  kept  dry,  cultures  retaining  their  virulence  can  be  prepared  from 
them  even  after  three  months. 

viz  blood-serum  the  colonies  are  small  circular  discs  of  opaque  .vhitish 
colour  the  centre  being  thicker  and  of  darker  greyish  appearance  when 
Viewed  by  transmitted  light.    On  agar  Uie  colonies  have  t^^e^^^^^^ 
appearance,  but  grow  less  quickly  on  gelatine  at  22  C       P^^^^^X  Z 
shSws  a  line  of  dots  and  at  the  surface  a  smaU  disc  forms.    In  broth  the 
bacZs  produces  a  turbidity  which  soon  settles  to  the  bottom  and  forms  a 
prwderyYayer  on  the  wall  of  the  vessel.    On  potato  it  produces  no  apparent 
Sevelopment.    In  broth  containing  glucose  it  produces  an  ^f  j^^^^^^ 
Lbffler  in  1887  described  a  baciUus  having  the  characters  of  the  diphtheria 
bacmiis  but  differing  from  it  by  want  of  virulence.    He  looked  upon  it  as 
a  distinct  species  and  called  it  the  Feudo-diphthena  bac  Uus.    Koux  and 
Yprsin   concluded   that   this   organism  was   only  a  greatly  attenuatea 
l4  LrL  bacilli     Biggs  found  two  varieties  of  pseudo-diphtheria  bacilh, 
S^dTtferinf  ta  thf  true  diphtheria  baciUus;  one  produced  acid  m 
1      Twin  tbP  other  did  not     As  a  rule,  however,  the  appearance  of  the 

filtration,  injection  o  .  pur.         ^ ^^f  p„is°„ning,  *e, 

belief  that  m  diphtheria  we  1'"''°  ?f ' '""^  „iui  i„  the  diphtheritic 
chemical  poison  being  P-d"'=''*        *%  of  ^^^^^  animals 

membrane  of  the  human  disease  the  whole 

at  the  seat  of  inoculation,  and,  absorbri  by  the  'JSte^?^  diphtheria, 
general  disease  symptoms  associated  '"*;Xi,trro  be  of  the  nature  of 

rtrme^ntt^u\'"aSd:Tny=s;^^^^^^  °' 

■•nfiTita^sftiSi^^^^^^^^^^ 

:rasSrCa^i|^^:?5~^ 

the  products  of  the  i;i*'l>f  ^'>»"j'"';;;;      Lence  ^    the  well-knoTO 

ro:rre«„ViedLSi^ 


the  serum  of  an  immunised  anima  .  ,     ,       ^  different  observers 

The  period  of  vnfedivmess  has  beeii  ^^"^^^  f  probably  ^ 

as  being  from  fourteen  days  to  ^'^fj'^l^^:^^ 

under-estimate,  as  Schiifer  has  ^^^^^^^^^^^^^.^^^^^^^^^^^^  from  an  attack 

the  tonsillar  mucus  seven  and  a  half  months  «,«er  has  observed  that  in 
of  diphtheria.  Moreover,  in  this  connection,  ^^^f^^^^  and 
certaiii  individuals  diphtheria  '-^^^^'^J^^^^^^^  to  cold  and  damp,  to 
-Ss^Sl^nt  Sr^o  S  iX.  these  considerations  a.e 
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if  the  utmost  importance,  and,  if  confirmed,  will  necessitate  material  modi- 
iations  as  to  our  estimate  of  the  period  of  infectivity  in  cases  of  this 


le 

lisease 


Owing  to  the  statements  of  various  authors,  it  was  long  a  current  belief 
hat  a  chronic  infective  process,  observed  in  the  mucous  membrane  of  the 
nouth  and  pharynx  of  fowls  and  pigeons,  was  intimately  connected  with 
luman  diphtheria.  This  is  now  known  not  to  be  the  case,  as  these  necrotic 
irocesses  are  quite  different  diseases,  both  as  to  pathology  and  micro- 
•rganism.    Cats,  however,  unquestionably  sxiffer  from  a  disease  which  bears 

I  close  affmity  to  human  diphtheria.  Klein  has  shown  that  the  cat  is  the 
'Illy  animal  in  which,  either  with  diphtheritic  membrane  or  with  cultures 
if  the  bacillus,  it  is  possible  to  produce  a  definite  and  striking  result  on  the 
ornea  and  conjunctiva  or  on  the  fauces  and  palate.  Further,  cats  suffer 
laturally  from,  and,  by  inoculation  with  human  diphtheritic  membrane,  can 
)e  made  to  suffer  from  a  form  of  broncho-pneumonia  which,  as  evidenced 
)y  subsequent  paresis  and  inflammation  of  the  kidney,  is  evidently  a  disease 
quivalent  to  human  diphtheria.  Therefore,  the  cat  must  be  considered  as 
usceptible  to  human  diphtheria,  and  capable  of  communicating  the  disease 

0  other  cats  and  also  to  human  beings. 

Klein  has  further  shown  that  pure  cultivations  of  the  bacillus  of  diph- 
heria  produce  by  inoculation  a  severe  constitutional  disease  in  cows.  A 
welling  appears  at  the  point  of  inoculation,  increases  for  a  ^veek,  and  then 
ubsides.  Broncho-pneumonia  sets  in,  crops  of  vesicles  appear  upon  the 
eats  and  udders,  and  the  kidneys  undergo  fatty  degeneration.  The  fluid 
rem  the  vesicles,  and  also  the  milk  taken  from  healthy  teats,  with  every 
recaution  contain  the  same  bacilli.  Cats  fed  upon  this  milk  develop  in  a 
3w  days  a  severe  and  often  fatal  illness  apparently  identical  with  that  just 
escribed  as  occurring  naturally  in  these  animals  and  equivalent  to  human 
iphtheria.  In  the  cat,  as  in  the  cow,  the  lung  seems  to  be  the  chief  seat 
t  the  disease.  As  Klein  says,  it  need  hardly  be  added  that  these  results 
i<xd  m  great  measure  to  a  right  understanding  of  certain  epidemics  of  milk 
iphtheria,  and  clearly  show  that,  apart  from  human  infection  of  the  liquid, 
nlk  may  be  a  medium  of  infection  from  the  cow,  as  in  the  cases  at 
amberley  and  Yorktown,  Enfield,  Barking  and  Croydon. 

Water  has  been  suspected  of  conveying  infection,  but  no  complete 
emonstration  has  been  made  that  diphtheria  is  ever  transmitted  by  this 
.'ency.  In  a  similar  way,  air  has  been  credited  with  being  the  medium  for 
■sseminating  this  affection,  but  on  very  imperfect  evidence.  It  is  prob- 
I'le  that  cases  of  true  wind-convection  for  any  distance  are  of  the  utmost 
inty. 

Thorne-Thorne  has  called  attention  to  the  special  incidence  of  diphtheria 

II  schools,  and  concludes  "that,  apart  from  age  and  susceptibility,  'school 
inuence  so-caUed  tends  to  foster,  diffuse,  and  enhance  the  potency  of 
'pntheria  and  this,  in  part  at  least,  by  the  aggregation  of  children  suffer- 
'o  irom  that  '  sore  throat '  which  commonly  is  prevalent  antecedent  to.  and 
ncurrently  with,  true  diphtheria."    The  period  of  life  at  which  there  is 

1  w  susceptibihty  to  acquire  diphtheria  is  from  three  to  twelve  years  of 
,    ana  school  attendance  increases  the  risks  of  personal  infection  by  the 

P^^onged  association  of  children  together.    So  often  have 
ruvlT-  <^ypical  diphtheria,  following  minor  throat  illness, 

.0  H  Irl!'  Pf  isolated  places,  and  under  conditions  which  exclude 

■n,rewtT  u  ^^T^"S  resulted  from  any  importation  of  the  infection 
nvZ  tZ  T'  ''^^'^  ^""^  6^°'^'^  ^^'""^  possibly  ordinary  sore  throats 

J      aoie  to  acquire  a  progressive  degree  of  the  property  of  infectiveness. 


3« 
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At  present  there  is  no  precise  knowledge  as  to  the  fact  of  this  actually 
taking  place ;  but  it  is  suggestive  of  the  need  to  correct  any  faulty  sanitary 
conditions  of  schools  and  other  buildings  which  may  in  any  way  tend  to 

ill-health.  .       ,    r     .1  -a 

Shirley  Murphy  has  shown  that  when  allowance  is  made  for  the  period 
of  incubation  of  the  disease  there  is  a  marked  fall  in  the  number  of  cases  of 
diphtheria  notified  for  the  three  or  four  weeks  embracing  the  summer 
school  holiday,  the  effect  being  most  marked  for  cases  at  ages  three  to  thirteen, 
the  years  of  school  attendance.  At  the  same  time  school  attendance  is  only 
a  means  of  spread  of  diphtheria;  it  is  not  the  chief  cause  of  the  recent 
increase  of  diphtheria  in  England.  •  .  j  -.i. 

The  steady  enforcement  of  school  attendance  has  been  associated  with 
a  declining  amount  of  diphtheria  in  Berlin  and  Hamburg  in  recent  years  ; 
whereas  in  Christiania,  Stockholm,  and  Copenhagen,  there  has  been  a  great 
increase  of  diphtheria  since  1880,  not  associated  with  any  increased  enforce- 
ment of  school  attendance.  j  i  ■ 

For  many  years  it  was  thought  that  accumulations  of  filth  and  drainage 
defects  were  the  direct  cause  of  the  origin  and  spread  of  diphtheria,  in 
the  light  of  more  recently  acquired  knowledge,  there  is  reason  to  think  that 
this  older  belief  must  be  modified,  and  that  the  true  part  which  msamtary 
states  play  is  by  way  of  predisposing  to  infection  by  lowering  the  standard 
of  health  rather  than  by  being  the  actual  origin  of  the  disease^  jv;„f,,Hnn 
Prevention.— Of  the  first  importance  are  isolation  and  dismfection. 
All  insanitary  conditions  in  and  around  the  dwelling  should  be  fought  for 
and  remedied.    No  children  from  infected  households  should  ^Uowe^^^^ 
attend  school;  and  if  diphtheria  is  at  all  prevalent  m  the  dif "ct  the 
:  loob  should  be  closed.'  FaiUng  this,  the  -^^--^-'''^^^U  :^^^ 
medicaUy  examined  daily,  and  all  cases  of  sore  throat  segregated  and  for- 
bidden t^o  attend  school  until  quite  recovered     ^^^l^^-JJPf  ^J^^^^^  ^ 
inquired  into,  and  any  doubtful  ones  stopped  at  once.    ^^"^  .^^""y^Xl^"^ 
cases  be  boiled,  especi'aUy  that  given  to  childx-en.    ^^f'^^^^fj^.  ^ 
longed  for  about  three  weeks  after  disappearance  of  local  f ^^P^^^^ ; 
bacterial  cultivations  from  the  throat  secretions  y^^ematicaUy  made  d^^^^^ 
convalescence,  and  so  long  as  the  baciUi  are  found  ^J^l^.^tftS 
tained     All  expectoration  and  thi-oat  discharges  should  be  either  lece  vea 
nto  vessels  conlaining  a  disinfectant,  or  preferably  wiped  off  widi  rags  wln^ 
should  be  burnt.    Disinfection  of  clothing,  bedding,  furniture,  and  lOoms 
t  St  be  carried  out  in  detail.    There  are  some  indications  th^^  injection^ 
of  serum  anti-toxin  may  be  both  preventive  as  well  as  -J^^i^^^  Jj^^^^^^^  , 
York  it  is  the  usual  course  to  immunise  aU  members  of  the  lamil) 

being  associated  frequently  with  cases  of  so-called  P'  ^^'^^^^^^^  ^  , 

series  of  antecedent  cases  of  scarlet  fever.  f-^^J^^^^^'^^'i:^^^^  U 
to  the  precise  meaning  of  these  ^^^ociated  cases  .  the  tiue  ex^^^^  ^ 
probabl/  is,  that  what  is  called  croup  is  /XeAto  ^ 

diphtheria,  or,  at  least,  a  form  of  laryngitis.  In  '^^'^^  '''^^^^^  ^  the  ■ 
probable  that  scarlet  fever  leads  to  more  or  less     ^^^^^  ^  the 

mucous  membrane  of  the  throat,  and  in  this  manne   I^^^^^^^^^^^^        to  ^- 

.eception  of  the  dip^heria  P^^^^^^^  "  S\l  ^ a^P^^^^^^  to  be 

foUow  after  a  series  of  scarlet  fever  cases,    -doku  the  spring  aii'' 

more  prevalent  during  the  autumn  and  winter  than  during  the  spri  . 


summer. 
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Formerly  this  disease  was  very  prevalent  in  tliis  country,  but,  in  the 
present  day,  it  is  practically  confined  to  hot  climates.    Clinically,  it  may  be 
!  escribed  as  an  affection  marked  by  frequent,  bloody,  mucous,  serous  or 
horous  stools,  accompanied  with  tormina  and  tenesmus,  and  often  with 
me  febrile  disturbance.    Pathologically,  it  may  be  regarded  as  a  specific 
iflammation  of  the  inner  coats  of  the  large  intestine,  having  a  tendency  to 
;rminate  in  ulceration,  suppuration,  or  even  gangrene  of  the  affected  tissues. 
Ihe  disease  may  be  either  acute  or  chronic,  sporadic,  endemic,  or  epidemic 
ill  its  manifestations. 

Influence  of  Climate,  Season,  and  Locality.— Dysentery  being  an 
ibiquitous  disease,  we  find  it  prevailing  at  one  time  or  another  in  all 
■limates,  but  a  close  examination  of  its  present-day  distribution  indicates 
ts  mcreased  frequency,  as  an  endemic  disease,  as  we  approach  the  equator. 
Accurate  statistical  facts  in  this  connection  are,  however,  difficult  to  obtain, 
is  we  have  no  data  for  satisfactorily  determining  the  mortality  which  it 
■iiuses  as  distinguished  from  other  "bowel  complaints "  among  the  native 
lopulations. 

Dysentery  in  all  .its  forms  is  undoubtedly  a  seasonal  disease.  In  Europe, 
IS  an  endemic  malady,  dysentery  has  always  attained  its  maximum  in 
ummer  and  early  autumn.  In  the  United  States,  summer  is  also  the 
eason  when  it  is  most  prevalent.  Within  the  tropics,  dysentery  is  usuaUy 
uost  fatal  m  the  third  and  fourth  quarters,  when  the  temperature  has 
legun  to  fall  and  the  season  to  become  dry.  In  India,  as  a  whole,  dysentery 
s  a  disease  of  the  colder  seasons  ;  and  among  both  Europeans  and  natives 
s  most  fatal  m  late  autumn  or  early  winter.  While  a  high  temperature  is 
|ssential  to  the  development  of  dysentery,  as  evidenced  by  its  being  a 
lisease  of  warm  seasons  in  Europe,  its  prevalence,  in  tropical  countries,  is 
'lUy  markedly  manifest  after  the  temperature  has  begun  to  fall,  or  even 
vhen  It  has  reached  its  minimum.  Few  facts  in  connection  with  the  pos- 
ibie  relation  between  dysentery  and  climate  or  season  are  more  clear  than 
Hose  which  indicate  the  influence  of  vicissitudes  of  temperature  and 
xposure  tu  cold  in  determining  attacks.  The  whole  medical  history  of 
"'th  our  own  and  other  armies,  either  in  the  pre-sanitary  or  present  age, 
Tistles  with  instances  illustrative  of  the  importance  of  these  agencies  in 
Jie  predisposition  to  this  affection. 

While  perhaps  it  carniot  be  maintained  that  the  physical  condition  of 
lie  soil  IS  altogether  immaterial  in  respect  to  endemic  dysentery,  it  is  still 
'■rtam  that  it  is  met  with  in  both  very  dry  and  very  marshy  places.  The 
i.ease  IS  by  no  means  rare  on  the  bare  rocks  and  burning  sands  of  Aden, 
;  lUe  at  the  same  time  it  is  common  in  many  of  the  jungly  districts  of 
'  ^  A  .  ,  Speaking  generally,  the  disease  has  a  preference  for 
•tmp  and  water-logged  soils  :  and  has  often  been  associated  with  the  drvino- 
'  ot  marshes  and  ponds.  There  is,  however,  no  evidence  to  show  that  the 
i  'easp     n'^n  appreciable  influence  on  the 

nZL  other  hand,  soil  contaminated  with  excremental  matters  is 

r.^nrn?         """"l       ^^^^  important  causes  of  dysentery.  Clouston 

ahe  1?  k"^.  ^^'^  Cumberland  Asylum,  traceable 

rillbLr  ''""'T  ^PP^^"'^       ^'^"^  '^'ij^^^"*^  to  the  buildings, 

vsenterv  f        i""^'  '^'^  ^"  P"^"*'  ^^'^  ''^V^^^^^  outbreaks  of 

iW  ll.i  7^-.'?!{      ^T^^^  ^'^'y-  *°  emanations  from  a  moist 

^t^sou  loaded  with  the  products  of  organic  decomposition.    More  recently, 
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Norman  has  given  details  of  a  similar  outbreak  at  the  Richmond  Asylum, 
near  Dublin,  where,  owing  to  the  antiquity  of  the  buildings,  the  primitive 
nature  of  the  original  arrangements  for  disposal  of  excreta,  and  the  un- 
scientific and  frequent  alterations  which  these  had  undergone,  the  soil 
under  and  around  the  Asylum  had  everywhere  become  saturated  with 
sewage.  The  terrible  outbreaks  of  dysentery  in  the  armies  of  earlier  times 
were  doubtless  largely  attributable  to  the  pollution  of  the  localities  on  which 
large  bodies  of  men  and  animals  remained  encamped  for  often  many  months, 
resulting  in  fouling  of  both  soil  and  water. 

Influence  of  Diet. — Faulty  dietary,  especially  coarseness  of  food,  the 
prolonged  and  exclusive  use  of  salt  meat,  indulgence  in  either  alcohol  or 
unripe  or  over-ripe  fruits,  are  all  indirect  causes  of  dysentery  by  predispos- 
ing the  system  to  infection.  Of  still  greater  importance  is  deficient 
nourishment,  especially  when  manifested  in  the  appearance  of  scurvy. 
The  scorbutic  condition  modifies  in  a  marked  way  the  symptoms  and 
course  of  dysentery,  being,  in  fact,  one  of  the  most  terrible  phases  of  the 

^^^The  instances  in  which  outbreaks  of  dysentery  have  been  traced  to  the 
use  of  foul  water,  particularly  water  poUuted  with  faecal  impurities,  are  very 
numerous.  In  fact,  in  the  greater  number  of  cases,  the  various  contributmg 
factors  to  the  prevalence  of  dysentery  are  quite  secondary  to  the  influence 
of  impure  water.  Of  course,  in  some  instances  the  water  merely  serves  as  a 
vehicle  by  means  of  which  the  specific  cause  of  dysentery  is  introduced 
into  the  system :  in  others,  it  may  act  only  as  a  predisposing  cause  ot  tHe 
infection,  by  virtue  of  an  irritative  action  on  the  bowel.       ,  ^  ^  . 

Influence  of  Malaria  and  Personal  Conditions.— All  cachectic  states  ot 
the  constitution  powerfully  predispose  to  dysentery ;   and  malaria  is  no_ 
exception  to  the  rule,  as  this  cachexia  gives  rise  to  a  particular  form  o, 
dysentery  which  is  not  always  amenable  to  treatment.    Formerly  much 
stress  was  laid  upon  a  fancied  connection  between  the  two  affections:  it  is 
now  generally  recognised  that  they  both  may  run  their  course  simultaneous^^ 
without  the  one  affecting  the  course  of  the  other,  or  both  may  become 
a-c^ravated  by  association.    In  the  same  manner,  the  geographical  distribu- 
tfon  of  dysentery  does  not  correspond  with  that  of  malaria     Although  it 
is  quite  common  to  find  malaria  and  dysentery  endemic  m  the  same  region, 
and  even  in  the  same  place,  this  is  by  no  means  always  the  case ;  mdeea, 
in  some  instances  it  would  almost  appear  as  if  there  were  an  antagomsn^ 
as  rec^ards  locality,  between  the  two  diseases.    On  the  other  hand,  nothing 
s  more  common  Ihan  an  outbreak  of  dysentery  in  bodies  of  men  .vlio  ha.e 
been  reduced  by  repeated  attacks  of  malaria,  subjected  to  fatigue,  ana 
pxnosed  to  the  sun  by  day  and  chills  by  night.  • 
'"^Personal  conditions,  such  as  age,  sex  race,  and  length  «  -s^--  - 1^^ 
tropics,  appear  to  be  without  material  influence  m  ^^^^  .H^^^'t^^ 
It  is  trae,  coloured  races  suffer  more  than  the  white,  ^^^yJ^^^.i^^f'S 
dependent  on  their  coarse  food,  the  impure  water  they  often  dunk  ana 
S  more  frequent  exposure  to  wet,  cold,  and  other  --^^^-^^^^^^^ 
It  is  rare  to  find  dysentery  in  towns  ;  it  is  specially  a  disease  of  rural  districts 

^^'l??S^Sd  Etiology.-At  this  period  in  tl- l-;stor^^^^^^^^^ 
scarcely  needs  to  be  argued  that  dysentery  is  -^^^f^^,^'^^  £fo  S 
dependent  upon  a  specific  poison.  Duncan,  citing  Rotl  ,  g^^J  "le  J 
striking  instance  how  dysentery  is,  in  some  instances,  .^^^^^^^^//^^tery 
^pread^from  the  sick  to  the  healthy.  ^  P^^rthe'ttHf  1  S  aSS 
came  to  the  Hotel  Dieu  from  RIadagascar.    At  the  time  ol  nis  aa 
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here  were  no  cases  of  dysentery  in  hospital.  The  man  Avent  out  uncured. 
Ifter  eight  days  from  his  admission,  cases  broke  out  in  the  H6tel  Dieu. 
rhe  man  from  the  hospital  went  to  an  inn  ;  the  waiter  thereof  was  shortly 
ized  with  the  disease.  After  leaving  the  inn,  the  man  went  to  a  village 
I  Aube  ;  in  this  village,  again,  cases  broke  out  after  his  arrival.  Finally, 
lie  went  to  a  family  at  Brienne,  and  of  that  family  several  members  were 
rhen  seized  with  dysentery."  Trousseau,  Maclean,  and  Fayrer  all  insist 
:rongly  upon  the  infectious  nature  of  the  disease,  and  upon  the  risk  attend- 
:ig  the  retention  of  dysenteric  stools  in  the  wards  of  a  hospital,  and  we 
>urselves  have  seen  dysentery  propagated  to  those  treated  in  the  same  ward 
with  dysenteric  patients  by  the  effluvia  of  their  discharges. 

Besides  the  presence  of  undoubted  infection  in  primary  dysentery,  there 
IS  also  a  probable  acquired  infection  developed  from  primary  diarrhoea,  just 
IS  there  is  the  probable  occurrence  of  a  progressive  development  of  the 
property  of  infectiveness  in  simple  "sore  throat"  up  to  a  condition  of 
liphtheria.  The  gradually  developed  infection  of  dysentery  engrafted  on 
'  arrhoea  is  nowhere  better  seen  than  in  the  experience  of  mihtary  cam- 
iigns.  Although  true  dysentery  is  a  disease  per  se,  still  on  service  the 
auses  predisposing  to  the  ordinary  forms  of  simple  diarrhoea  will,  if 
lersistent,  also  predispose  to  the  true  spreading  epidemic  of  dysentery 
.Uthough  as  yet  the  relation  of  micro-organisms  to  true  sporadic  and 
pidemic  dysentery  has  not  been  fidly  worked  out,  yet  in  the  aggravation 
>f  the  lesion  causing  the  primary  diarrhoea,  we  may  suppose  the  soil  and 
environment  to  be  graduaUy  rendered  fitting  for  the  "contagium,"  and  thus 
nfected  powers  wiU  be  acquired.  The  infectivity  of  dysentery  lies  in  the 
^tools;  and  the  doctrine  that  the  dejecta  of  apparently  simple  diarrhoea 
•ases  can  assume  an  infective  character,  especially  when  many  patients  are 
iccumulated  together  in  camps  or  barracks,  should  never  be  lost  sight  of 

The  etiology  of  dysentery,  however,  is  by  no  means  a  simple  question,  as 
here  can  be  no  doubt  that  what  is  chnically  called  dysentery  is  not  in 
-^tiological  respects  one  single  disease,  since,  judging  by  the  literature  and 
liverse  statements  of  observers,  some  dysenteries  are  caused  by  one  form  of 
'rganism,  and  others  by  another  :  also  some  are  contagious,  while  in  others 
lie  discharges  only  become  infective  after  they  have  undergone  some  changes 
aitside  the  body.  It  is  highly  probable  that  the  specific  cause  of  dysentery 
s  often  introduced  into  the  system  without  giving  rise  to  the  disease.  The 
aealthy  bowel  does  not  aff^ord  a  favourable  soil  for  its  growth:  it  is  onlv 
■vhen  the  intestinal  mucous  membrane  is  impaired,  as  by  excessive  or 
xtreme  vicissitudes  of  temperature,  by  exposure  to  cold,  bad  or  deficient 
'  -od,  impure  water,  or  by  cachectic  conditions  such  as  scurvy  or  malaria, 
iiat  It  becomes  vuhierable  to  the  attacks  of  the  lower  organisms.  The 
■tiological  importance  of  these  diverse  factors  is  limited  entirely  to  their 
"Huence  m  disturbing  the  nutrition  of  the  large  intestine 

Many  cases  of  dysentery  are,  however,  believed  to  be  due  to  the  action  of 
■r,  rT'  T'^f  \  Ldsch  the  Ammba  coU,  and  by  Councilman  and 
^■ineur  Amosha  dysentencB.    It  is  now  known  that  the  A.  coli  and  the 

oundpT         ''^  T'^'  dysentery  are 

■Sr.r  .  protoplasmic  masses  usuaUy  25  to  35     in  diameter, 

-top  asn?  TT. ^T""^""'  protoplasm  and  an  outer  hyaline  layer  o^ 
'acte  k  V>.  J  ^""^'-^^^  '"'"^  corpuscles  and 

-Sinv  .l.''  ?  6  to  8      in  diameter.  The 

■lasm  bein^^l      sluggish  movements,  blunt  processes  consisting  of  ecto- 

Hoduce  nTtLf       ff^^V   ^T^"  ^"j'^*^^^  P^^"  ^^'^^^^  they 

ocluce  pathogenic  effects.    Kartulis  has  found  these  amoeba  dysenteric-e  in 
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cases  of  tropical  dysentery,  and  also  in  twenty  cases  of  abscess  of  the  liver 
complicating  dysentery.  The  ordinary  amoebse  coli  are  smaUer  m  size,  the 
protoplasm  is  more  finely  granular,  and  they  do  not  appear  to  take  up  red 
corpuscles  They  do  not  produce  pathogenic  effects  m  animals.  Recently 
Ogata  has  found  in  the  stools  of  patients  suffering  from  an  epidemic  form  of 
dysentery  in  Japan  a  short  baciUus,  about  a  quarter  the  length  of  the 
tubercle  baciUus,  which  in  pure  cultures  appears  to  have  given  rise  to 
dysenteric  symptoms  when  introduced  under  the  skin  or  absorbed  by  the 
buccal  or  intestinal  mucous  surfaces.  Kruse  and  Pasquale  conclude  tha1| 
there  are  several  varieties  of  dysentery  :  (1)  the  amoebic  or  tropical  dysentery  | 
(2)  the  catarrhal  form  without  amoeba),  probably  produced  by  bacteria  of 
different  kinds;  (3)  the  Japanese  form  of   dysentery,  investigated  by 

°  Prevention  —This  will  necessarily  be  based  upon  the  etiology  of  the 
disease  Inasmuch  as  dysentery  occasionaUy  spreads  in  hospitals  where  large 
numbers  suffering  from  the  complaint  are  under  treatment,  the  necessity  of 
free  ventilation,  cubic  space,  the  prompt  and  thorough  disinfection  of  the 
stools  bed-pans,  commodes  and  enema  tubes,  are  matters  of  the  first  import- 
ance. In  camps,  prophylaxis  demands  that  the  contents  of  latrines  be  dis- 
infected and  buried  deeply,  well  away  from  human  habitations;  or  better 
still  that  they  be  burnt.  All  drinking  water  should  be  protected  from 
contamination;  and  when  open  to  the  slightest  suspicion,  should  be  boiled 
FinaUy,  exposure  to  extremes  of  heat  and  cold,  dampness  or  to  deficient 
and  imperfect  diet,  are  important  predisposing  causes  to  dysentery  to  be 
carefuUy  guarded  against,  whether  for  individuals  or  bodies  of  men. 

ENTERIC  FEVER. 

This  disease  is  clearly  traceable  in  the  earlier  records  of  "^^-^i^^^' 1^^* 
was  not  until  1850  that  Jenner  was  able  to  demonstrate  its  differentiation 
from  typhus  fever.    Enteric  fever  is  distinctly  influenced  by  reason  bj  far 
the  ™tef  number  of  cases  in  Europe  and  America  occurring  m  the  ate 

uXr  and  autumn;  the  least  number  of  cases  occur  m  April  or  Ma3jJ| 
Seasonal  prevalence  is  equaUy  well  marked  in  the  tropics.  Hirsch  has  aptlyl  c 
Llkd  enteric  fever  the  ubiqidtons  disease,  for  it  is  of  practicaUy  world-wide  f 
di  tribSn  -  for  many  years  it  was  deemed  to  be  less  common  m  tropica^ 
than  in  temperate  climates,  but  making  aUowance  for  the  fact  that  cer  am 

orms  of  malarial  fever  have  been  frequently  mistaken  for  entmc  fever  ti. 
nrobable  Tat  the  idea  was  erroneous.  It  is  beyond  dispute  that  remi  ent 
Lver  in  the%ropics  frequently  stimulates  enteric  fever  in  a  remarUbb 
A  J  ihnnah  the  autopsy  shows  the  characteristic  lesion  of  the  latter 
Sse  toutstl  cases  of  the  so-called  typho-malarial  fever  are 

"^^^^^^^^^  to  enteric  prevalence,  except  in  so  f ar  tha. 

outbreak  according  ^  the  P^^^^^^^^^  ,,,,,  ,,,ve 
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ling  to  some  figures  published  by  the  Eegistrar-General  in  his  Fifty-first 
\4nnual  Report,  and  based  upon  the  returns  of  t]ie  London  Fever  and  Metro- 
■oohtan  Asylums  Board's  Hospitals,  it  would  appear  that,  between  five  and 
wenty  years  of  age,  although  more  males  are  attacked,  there  is  a  gx-eater 
natality  among  females  between  those  ages.  It  is  possible  there  may  be 
.lome  faUacy  underlying  this  statement,  as  the  number  of  cases  upon  which 
iihe  conclusions  were  based  was  not  large.  The  influence  of  age  is  very 
marked  m  this  disease:  of  5911  cases  recorded  by  Murchison  26-86  per 
e:ent.  were  between  the  ages  of  fifteen  and  twenty,  and  66-42  per  cent  were 
>Detweeu  the  ages  of  ten  and  twenty-five.  After  thirty  years  of  a^^e  the 
■^ases  became  fewer  and  fewer.  Judging  by  the  death-rate  from  enteric 
ever  m  this  country,  per  miUion  of  living  population,  as  furnished  by  the 
■iegistrar-General,  the  mortaUty  is  at  its  minimum  in  the  first  year  of  life 
>or  both  sexes.  It  rises  from  the  second  to  the  fifth  year,  and  then  falls  till 
fifteenth  when  it  gradually  rises  again  until  a  maximum  is  attained  in  the 
^ge-period  20-25,  after  which  it  faUs  permanently.  It  is  probable  that  true 
Dnteric  fever  is  rare  among  infants  and  young  chHdren,  and  that  many  of 
hhe  cases  returned  at  those  ages  are  due  to  faulty  diagnosis.  As  in  the  case 
f>f  ^some  other  diseases,  the  risk  of  a  fatal  termination  steadily  increases  with 

°  Influence  of  Place. -European  experience  indicates  that  enteric  fever  is 
.ften  more  preva  ent  m  towns  than  in  the  country,  and  often  fixes  persist- 

Dndemic,  it  will  be  found  that  insanitary  conditions  abound,  notably  impure 
crater-supply,  defective  methods  and  arrangements  for  disposal  of  excreta 
combined  with  want  of  care  for  pre ventive"  measures.  In  Ce  areas  new! 
b.omers  are  especially  liable  to  attack. 

mnS  T'*^'  epidemic  prevalence  of  enteric  fever 

TptM  ^  ^Hiportance  has  been  attached  to  the  role  which  poUution  of 

W^v  P^^^fr'^'^^STi  ^"^'^"^  '^^"^  movements  of  the  groundwater 
kiay.  Pettenkofer  and  Buhl  traced  a  connection,  at  Munich  between  the 
occurrence  of  enteric  fever  sickness  and  mortahty  'and  var^tLs  ^  evel  S 
subsoil  water  which  have  been  confirmed  by  further  observations  in 
Jer  in,  various  parts  of  Germany,  and  elsewhere.  Accordinrt 

.^rli  ofthe  'f^^^'-'^'y  f--  enteric  t^r  feU  w  th 

Inl!    1?  ^""^^'^^  ^th  its  fall:  the  level  however 

cached  by  the  disease  being  not  in  proportion  to  the  then  level  of  thTsuS 

l^fuuLsTtnf  f'u  '^l""?.^  ^  °f    -  each  occlstn  Whi^ 

ofappear To  h^ld  .3  ^"'i'''''  -^^^i-  doe^ 

>ccur?S  *L  1    T  ^  many  places  Mdiere  enteric  fever 

S  e  nrl  v^^^        f     '"/''P'  movements  so  trifling,  that  there 

le  ilCn  t^tf  Its  producing  any  material  effect.    In  the  places  whe  e 
aid  TeaS  ceLnoU  "^T'^f'        ^"^^      P°^°^^^'  tl^e  ground  water  high, 
ioid  otht  P    /  ''''^  """^^  numerous,  but  in  close  proximity  to  wells 

i?itinnr''-f-''?''"TP^^-  conditions,  there 

mmculty  in  appreciating  how  the  purity  of  water  in  w^lk  r^nv 


IS  no 


^eaSsfw  \  {  tlie  ground  water;  and,  further,  bearing  in  mind  the 
iXtL  2e"^^  "  ^P"^'  ""'rr     «P-fi-%  polluted 

l^lati;n  between  the  nri  I  observations  as  to  a  causal 

I*  the  subs  jrwatt  arrani?::t ^^"^^  fl-*-^-^^ 

'lll^llllomeTdla  i'^?'  Registrar-General's  returns, 

"Coin  enteriverin  EnlnT''^^^^  diminution  in  the  number  of  deaths 
tever  in  England  and  Wales  during  the  last  twenty-four  years. 
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Yeax. 

Death-rate 
per  million. 

Year. 

Death-rate 
per  million. 

Year. 

Death-rate 
per  million. 

Year. 



Death-rate 
per  million. 

1874 
1875 
1876 
1877 
1878 
1879 
1880 

374 
371 
309 
•279 
306 
231 
261 

1881 
1882 
1883 
1884 
1885 
1886 

212 
229 

236 
178 
184 

1887 
1888 

1  RSQ 
xooy 

1890 

1891 

1892 

185 
172 
176 
179 
168 
137 

1893 
1894 
1895 
1896 
1897 
1898 

1 

229 
159 
175 
166 
156 
182 

4 

The  foUowing  table  shows  the  rates  and  percentage  decline  foreach^ 


AU  ages. 


0 

5 
10 
15 
20 
25 
35 
45 
55 
65 

75  and 
upwards 


Males. 


Death-rate  per  million. 


1871-80. 


325 


} 


396 
308 
273 
376 
430 
309 
258 
273 
290 
340 

259 


1881-90. 


211 


131 
170 
191 
298 
336 
272 
201 
176 
165 
132 

71 


Decline 
per  cent. 


35 


Females. 


67 
45 
30 
21 
22 
12 
22 
35 
43 
61 

73 


Death-rate  per  million. 

Decline 
per  cent. 

1871-80. 

1881-90. 

320 

182 

43 

404 

128 

68 

364 

189 

48 

350 

225 

36 

436 

280 

36 

334 

233 

30 

280 

196 

30 

238 

164 

31 

230 

135 

41 

247 

122 

50 

255 

98 

61 

187 

55 

71 

Though  the  mortality  in  1892,  when  the  rate  did  ^^V^l  893  IhowT^ 
persons  living,  was  the  lowest  on  record,  the  returns  for  1893  ^^^^J^ 
FnLase,  heing  higher  than  in  any  P^J-y-^^-no  jfave  be  n  ^3 
•in  mortality  from  this  ^--f '  Berkshire,  Bucks. 

ing  ten  years,  were  ^l^^Jf  ^'  .^^^^^^^^  Warwick,  and  Cheshire;  the 

to  considerable  variation,    ^he  most  iisual  ^^^^^  ^ 

fourteen  days,  but  it  may  I'ange  f  om  ^  * ^^r  ^^^b^^  The  pecuUariy 

shorter  when  the  poison  is  ^"^'f^^^^^^^^^y^^^^^^^  difficult.  T^e 
insidious  mode  of  onse  ^^^f^J^J ^^^^t^.^^^^^^ 

that  it  does  confer  immunity,  possibly  for  hfe. 


putexrv. 


3tcJ}  couture,  of  EnterUBactllM-  yfctit^TKeyfuxasi  cJojr 


F'.'.-nterac  b'ever. 
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l>.Po^nf  1  ^  ^  Etiology.-Though  some  doubt  exists  as  to  whether  the 
I  reath  of  those  suffering  from  enteric  fever  is  infective,  there  is  none  as  to 
he  mfective  nature  of  the  excreta.    Experience  shows  that  enteric  patients 

hnir  n  ft P V?/''^'%frr'^  ^'1'  '^ther  cases  without 

langer  o  the  latter  With  scrupulous  cleanliness,  especially  as  regards  the 
lurseshaiKls  and  clothing  or  bedding  soiled  by  the  patient's  difchar^s 
here  seems  httle  tendency  for  the  infection  to  spiead.  The  stools  and  urine 
re  probably  infective  throughout  the  whole  period  of  the  disease  S 
act  renders  the  disposal  of  the  excreta  a  matter  of  great  importance  Thev 
eed  to  be  disinfected  with  mercuric  cMoride  or  other  reliable  disTnfeclnt^ 
nd  disposed  of  at  once  either  by  burning  or  buried  deeply  and  weU  away 
}^T%"\rTr.^  w^ter-supply  :  in  towns,  necessity  often  compels 
lem  to  be  dealt  with  like  other  excreta,  in  which  case  effective  Sec 
on  IS  of  even  greater  importance.  oibiniec 

The  remarkable  ability  of  enteric  fever  to  disseminate  itself  by  means  of 
ater  nulk  and  other  media,  indicates  the  virus  to  be  a  liv  n'  oT4nTsm 
berth  first  showed  that  in  many  cases  of  enteric  there  oc°cur  fn  the 

ollen  mesenteric  glands  peculiar  bacilli,  rounded  at  their  ends  mot  le 
Id  occasionally  mcludmg  within  a  pale  sheath  one  or  more  snore  k^ 
•anules.    Gaflky  and  numerous  observers  have  confirmed  thre  strments 
.1  these  bacilh  are  now,  by  many,  if  not  most  pathologists,  considerd  as 
e  microbial  cause  of  enteric  fever.    These  bacilli  are  three  times  a  Ion. 

broad,  their  average  length  beino-  frnm  9  tr.  a      „  •  ^ 

S4i  SHH-.*  ^^^^^^^^^ 

■ncfpell-rbei'^Sfd^  «~  P-"Pi^ate,  but  no 

-n  as  WrEberfb  \""%r'  ^^^^  that  this  bacillus 

'■.stconBtntly  S  sen^^^^  f  '"^'^'^  fever,  now  admitted  to  b 

in  the  Sn^'  f  almentary  canal,  in  the  mesenteric  glands 

'  and  anir^nl^  ,    i      constant  and  normal  inhabitant  of  the  bowels  of 

''^quirinrrrn  ?  ^""^^""^  '""'^^^  ^^^'^  dejecta  is  camble 

"Cl  by\l  rSk'oTn'n  '^^-y-l-AP-P-^i-'  -  that  wS  ri. 
^«  become  eXweTwitb  fh.   '  """^'"^T  "  ""^'^^'^l  individual, 

-unicable  dtrirnfer^^^^^^^^^         ^^^^'"S  "P     ^im  the  specific  and 

=-phyt/that  1^^  £l.=lirt  ph^S^^^^^ 
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for  awhile  in  sewage-arise,  so  to  speak,  de  mvo.  This  contention  is  the 
outcome  ^^^^^^^  bacteriological  study,  a^ot  of  epidemiologjcal  observa  ion 
outcome  buitJij^  mainly  on  the  fact  that  it  is  often  difficult  to 

^UstiS^'r^^^^^^  -tericfever.    Recent  and  closer 

otevftfon^^  liave  shown  that  these  two  micro-organisms  are  quite 

SiTnot  Td  as  iudcred  by  their  cultural  behaviour  they  can  be  readiJy  ditfer- 
distinct  and  as  jua^e  J  .         ^^^j  .^d  rounded  at  its  ends, 

it  can  be  shown  that  the  two  micro oes,  ^  J  ,  °  observation  proves  |, 
their  biological  characters  7f       ,  ^/^f.^;  ^  bl  a  strikingly  . 

that  the  two  organism^  wh^M^l^^^^^^^  y^-^^  .^^  ..d^ 
different  manner.    While  the  .   .  ^i.^  contrary,  shows  ^ 

undergoes  multiphcaUon^^^^^^^^^^^  ,,er[;, 
less  vitahty  and  soon  diminisnes  ^       ^  f  nutritive^ 

disappears,      -"^^^f  ^^^^^^^  ispresent  in  such 

material  is  exhausted,    -but  as  ^o^S  mentioned  above,  and  the^ 

sewage  iV^^S^I ^  "JrU  f^tLt  has  resisted  fro. 

same  with  these  micro-organisms  is  th j 

experimentswitb  seA%a  e  m  ^^^^^.^^  ^ 

the  enteric  bacillus,  when  if^^^f^.'^',^ 

potassium  nitrate  is  added,  reta  ns  tuhiDlk^tion     This  seems'  capable  o? 
Lo  undergoes  rapid  ^^^^^  Xn  mSf  tt^^^^^^^^^^^^  bacillus  in  sewag^ 

explaining  the  ^^^f  \f I  r^te/ifcapa^^^  of  preserving  its  vitality 
percolating  through  the  Jf^  soil  takes°up  nitrates 

SStnc^rScntS;;^^^^  Wic  bacmus  is  capable  « 
growing  and  retaining  its  ^^^5^^^^;  .       •    ^.^g^its  have  been  produced  il 
Although  septic,  ^---^^^l^^^'tSZ  stools  and  enteric  LcilH,.  late 

rodents  '^^^^^^^^^  1  at  thrdis^^^^^^  can  apparently  be  —^^ 
experiments  have  suoAyi  w  bacteriological  evidence  goes,  there  i 

to  the  lower  animals.   As  far,  ^f/^X3^     to  regard  enteric  feve 

■    no  valid  reason  why  «f  ^tarians  shou  1  ^^^^l^^^^^     ^.^^s  of  the 
as  a  specific  bacteriologies  and  oi^ 

disease,  and  as  has  hecn  ^^oo^      ;    ^^^^^      to  say,  through  ^ 

evidence,  as  capable  of  f  if „  .        Vhile  holding  this  view, 
BacaU.  coli  or  ^th^r  intestina^^^^^^^^^^         of  drinking  water,  milk,  &c. 
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ahabitant  of  the  intestines,  in  water  nevertheless  indicates  a  nrobahle 
.oUution  with  excremental  matters,  and  amongst  them  possibW^th 
specific— that  IS,  enteric-excremental  matter  possibly  with 

■  01  hmg  epdsmic  of  1891-2,  and  many  others  to  bo  foMd  in  tl,,     '  • 
;wWnts  to  the  Reports  of  the  Medii  OffleLlo  afillUtjSS 

Further,  Ballard  has  shown  in  his  renort  m-,  fl.o  ToT  ^ 
^70,  that  milk  plays  an  important  "S/  ftl  e  £ss  S^^^^ 
ver  virus  :  such  milk  epidemics,  where  milk  LS  cSv  or  h.  t  '  T 
u  aming  the  milk,  been  brought  into  contact  w  th  sewL  ' 
ve  been  numerously  recorded     Ofl-.^^  i       ^^'^s^  PO-f^utecl  water, 

fected  milk.supplies,'inTS^ 

mise  the  question  whether  mUk  can  obtain  enterk  fever  infect  v  T'^" 
-m  an  ailment  of  the  cow  as  in  Mip  po=o  i  i  i  ""active  quahties 
"h  a  sequence  of  events  would  /  f 

-lemics,  but  the  evidemf  L  sunL^  o^^^^^^^^  "-"^^  inexplicable 
vincing.    .llthou^h  rfs  true  thot  i.ll.  '^^'^^  be 

nc  fever,  the  cast  are  due   o  sVeciJ^'ir''^"  ^P^^^^^^^  °f 

not  safe'to  say  that X  t e   e  T 
must  we  overlook  other  possible  modernf  .l^'^^''^^']      ?irect  infection, 
'a  and  other  countries  Tere  drrs  vstems  of'^^^^^^^^  of  this  disease.  In 
ssible  danger  exists  in  the  dislSLLt  nf  f-  T'T-^'"'^ 
eta  from  the  soil,  and  their tSSi  4  dLt'bv  '"^  r^'^'^'^y  l^^-d 
■  tive,  even  in  the  absence  of  cW  expeJi^t'nt^  ''f  '^'"^'^^^^ 

have  knowledge  of  the  circumstances  Thfe  of  tronlSl  '  ^'T 
Imposed  to  deny  that  such  dried  excretal  m.ttpV  ^      countries.  wiU 
■ntialities  for  evil.    Some  are  of  opin  rn  tLt  t  e 

>cro-organism  of  the  soil,  and  caDaUe  of  ,1  essentially 
nf  reproducing  itself  in  the  eartli^  ^dependent  life, 

•f  bitants  of\^ctrell^^:r  S 1^"*^-  ^^^^^ 

'■'ite  that  sewage  is  unable  to  iivo  nff  researches,  which 

■'ct  with  it,  we  find  irdifficul?  S  nn  to  the  air  in 

of  enteri^  fever  ca  s;  and  L  cSt  ""'''V^ 

'  •"^^  to  show  that,  in  some  loca  ^^^^^'^  ^« 

these  two  afffectionsr^nd  hat  wL  .  ?  '  "^"'^""^  antagonism 
nc  fever  is  rare  or  absenf     Ti      ,  common^  there 


Us 
I'll 
lie 
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disposed  to  the  prevalence  of  enteric  fever,  by  pollution  of  water,  soil  and 
air,  as  the  result  of  an  aggregation  of  people  under  circumstances  of  defec- 
tive sanitation.  The  question  has  been  further  complicated  by  the  ; 
sucrgestion,  that  some  of  the  later  supposed  cases  of  enteric  fever  m 
malarial  districts  are  but  an  altered  type  of  malaria.  In  regard  to  this  , 
point  we  think  that,  while  it  is  unwise  to  accept  the  term  typho- 
malarial  fever  as  indicating  a  third  form  of  disease,  winch  is  neither 
enteric  fever  nor  malarial  fever,  it  cannot  be  denied  that  the  two  latter 

diseases  may  co-exist.  . 

Prevention.— General  measures  will  be  to  secure  pure  air,  pure  water, 
pure  miUf,  and  to  maintain  all  drains  and  sewers  in  good  order     If  any 
suspicion  attach  to  either  water  or  milk  it  should  be  boiled.    To  guard 
ao-ainst  the  spread  of  the  disease  from  the  sick  to  the  healthy,  aU  stools 
and  urine  should  be   received   into   a   vessel   contammg  some  strong 
disinfectant  and  at  once  covered  up.    After  this,  the  excreta  may  be  at 
once  passed  into  a  drain,  or  buried  deeply  in  the  earth  but  this  must  not 
be  done  until  the  stool  has  been  exposed  to  the  action  of  a  strong  disinfect- 
ant  for  at  least  five  minutes.    If  possible,  all  excreta  should  be  burned 
All  soiled  linen  should  be  at  once  placed  in  a  vessel  containing  carbohc  acid 
solution  1  in  20,  until  they  can  be  removed  for  proper  disinfection  by  f 
either  boiling  or  exposure  to  moist  heat  in  a  disinfecting  chamber.    Isolation  • 
of  the  sick  person  is  not  necessary,  but  several  patients  ill  with  entenc  : 
fever  should  not  be  aggregated  together  m  one  ward. 

Preventive  Inocidation.-Anti-typhoid  inoculations  were  inaugurated  : 
at  Netlev  in  July  1896  by  Wright  and  Semple.    The  vaccme  material  at 
fiLreWoyed  consisted  of  virulent  typhoid  cultures,  which  had  been  grovvn 
f or  tTenty  f our  hours  on  agar  at  37°  C.    These  cultures  were  usually  j„ 
sterililed  at  60°  C. ;  in  some  cases  a  higher  stenlismg  temperature  wast 
employed.    The  quantity  of  agar  vaccine  inoculated  corresponded  a ppron-fc 
nmtely  tothe  quantity  of  culture  which  grew  on  one  square  centimetre  of|^ 
Tar  surface.    At  the  present  time  the  vaccine  material  is  prepared  In  J 
.?owi?g  a  virulent  culture  ,  of  B.  typhosus  in  neutral  1  per  cent,  peptone^. 
bS     The  cultivation  is  continued  for  from  fourteen  to  twenty-one  dajs^J 
The  broth  culture  is  then  heated  to  60°  C.  for  ten  to  hfteen  minutes.  The 
vaccine  ii^ta^^^^^^^^^^     by  the  following  methods  :  (a)  The  op-ty  ^^^^ 
Ihis  method  the  minimum  thickness  of  vaccine  which  wiU  obhterate  a  te  _t  ^ 
obiecT  consisting  of  alternate  dark  and  bright  l^^^s,  is  determined  TR 
Sest  value  obtained  for  this  test  is  0-65  cm.  and  the  lowest  1  3  cm.| 
KbcuTai^      inoculation  into  guinea-pigs  of  measured  quantities  of 
if ;rnr.ed  vaccine  •  the  maximum  toxicity  of  the  vaccine  is  represented  b 
T^^v^^  l^^^  close  of  0-5  ccm.  per  100  grammes  of  gumea-pig  s  bod^^ 
a  minimum  x  conditions  the  dose  of  vaccine  for  man  is  0  5  c.c?. 

wit  tSfo^adty  ttTand  the  animal  experiments  show  that  the  vaccuie  r  , 

«^e"  b^;od  acquires  the  pow^  of  a^lut^ 
Amongst  2835  inoculated  men  there  were  2/  ^"^^^^  J^^^f  ^  ,„ses 

L&r»ir  rrr„sr  A ... 

inoculated  men  were  of  a  mild  type. 
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ERYSIPELAS. 

As  a  contagious  and  infectious  disease,  the  chief  evidence  of  which  is  a 
reading  inflammation  of  the  skin,  extending  in  some  cases  to  the  areolar 
issue,  and  accompanied  by  fever,  erysipelas  has  been  known  since  very  early 
lines.    It  is  met  with  all  over  the  world,  but  less  frequently  in  the  tropics 
han  in  more  temperate  climes ;  it  affects  aU  races  ahke,  and  is  especiaUy 
atal  among  the  very  young.     It  has  been  said  that  erysipelas  is  more 
ommon  among  women  than  men:  this  is  probably  true  with  respect  to 
attack,  but  the  deaths  at  aU  ages  are  greater  among  males.    The  total 
lumber  of  deaths  returned  from  this  disease  in  England  and  Wales  in  1898 
vas  970,  of  Avhich  516  were  males  and  454  were  females;  the  mortality 
or  all  ages  being  at  the  rate  of  31  per  miUion  persons  living,  as  compared 
vith  a  rate  of  43  per  milhon  for  the  last  five  years.    The  deaths  from 
vysipelas  are  usuaUy  above  the  average  from  the  middle  of  September 
^>  March,  and  belo^v  the  average  for  the  rest  of  the  year.    The  absolute 
laximum  for  the  year  is  commonly  attained  in  the  third  week  of  November 
■  hile  the  minimum  period  is  from  the  middle  of  June  to  that  of  September' 
-ongstaff  has  pointed  out  that  erysipelas  has  a  mortality  in  inverse  ratio  to 
lie  rainfall,  in  this  respect  resembling  scarlet  fever:  there  is  a  further 
eneral  resemblance  m  the  seasonal  curve  of  prevalence  of  erysipelas  to 
uerperal  fever,  pyaemia,  and  rheumatic  fever 

oruieiTT™"''''  clearly  demonstrate  that  erysipelas 

.  caused  by  a  micro-organism  which  he  named  the  Streptococcus  ermipe- 

•i^nWi.  t  «^         ^^fl^^^d  skin,  occupying  the 

m^hatic  channels  and  ^^^^  as  the  disease  advances.  The 

bodv  Z  fl  °t?  ^'T'^'"  ^^^^^^^^  ^^l^i^-t^d  outside 

inn.  i'  ?  T  '  '"1^*'''''  erysipelas  can  be  induced  in  rabbits 
^  moculation.    Associated  with  this  streptococcus  in  erysipelas  is  usually 

,'aifarf  rr"^''^'""'  ^^^^^^^^^  g«  -       -  to         -t  they 

IlLTatt  ^  TTTl  ^^^"S  ^^^'^^y      ^tte^M  form 

-t  ne  l  bv  ^nltni  /  two  species  of  streptococci  can  be  originally 

roc^Hon  W  Tv.*^'  erysipelatous  skin,  and  their  differences  proved 
.  noculation  into  rabbits,  seems  definitely  to  contradict  the  above  supposi- 

ForiL^erlvTt  t"''''- 1         "'"'i     ^^^^^^^^^  ^-^^         the "loT 
HhoTa  lid     t""      "  ''^"'^  •^^y^^P^^"^      «^^™g  either  with  or 
H   ilpathio  fm..     f'.i"'^.'  distinction  between  traumatic 

''U.l   tW    inTol  ^       poison  entering  the  system  through  a  wound, 
n  c  Lease  iT'iT  '^7  ^-^       insignificant  as  to  be%verlooked 

n./r^e^:trtfS;&^^^  p-^^^^^^- 

oHi't  Tv^*''''''  of  erysipelas  is  evidently  short,  ranging  from  one 

^  dfti  °'  often  from  one  to  three  or  four  da^s.  In  Fehleiseii's 
'  wn!'      ^'T?  '^''^  ^'^"^o^^i  of  sarcomatous  grow^ 

-a  e  nffr  ^^^^  fifteen  to  sixty-one  hours  The 

I    taft  ''^'''^^^^y  i^^  ^"^■gi^^^i  ^ards,    le  most 

iIZZ  Td^defT  ^^^^g  .defective  ventilation.  oveiWowdiiig 
■111  to  ,  ^'rr^^i^ess,  and  defective  drainage  arrangements.  Some  people 
'•m  iTeC^^  to  erysipelas  than  othei-s ;  among  such  a^tt 

1^0  at  present  is  '        ^^T.         ^''"^^  ^"^^  ^nv  know- 

-^ipelas  nn!l  fl  f  *°  "^^""^  ^^'^  the  precise  connections  between 

-Ha  li  JJ^f'bSri ^'^-d-poisoning,  more  particularly  tha 
■'■•^tly  confined  ™  "r^o^I^g  ^^s^ociated  with  lying-in  women  or  those 
y  ^onhncl.    Evidence  is  strong  that  there  is  a  rektionsl^ip  of  some 
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kind  between  erysipelas  and  cliild-bed  fever,  as  shown  by  the  famihar  fact 
that  women  in  labour  attended  by  doctors  or  midwives  who  are  sufler- 
in"  from  erysipelas,  or  who  even  have  been  in  contact  with  erysipelatous 
patients,  commonly  get  blood-poisoning  or  puerperal  fever.  Similarly 
nurses,  midwives,  and  medical  men  who  attend,  or  come  into  close  contact 
with  women  suffering  from  puerperal  fever  frequently  themselves  suffer 
from  erysipelas ;  also  that  the  new-born  children  of  mothers  lU  with  chi  d- 
bed  fever,  die  in  large  numbers  from  erysipelas.  To  a  less  degree,  erysipelas 
has  some 'obscure  relationship  to  diphtheria  prevalence. 

Prevention  is  synonymous  with  attention  to  the  sanitation  of  hospitals 
and  institutions,  especially  the  maintenance  of  ventilation,  and  cleanliness 
of  wards.  Hospital  floors  should  be  of  hard  wood,  polished  and  readily 
cleaned  by  dry  rubbing  or  sweeping.  Cases  of  erysipelas  should  be  isolated, 
and  the  ward,  if  possible,  evacuated,  and  the  walls,  floor,  furniture,  &c., 
carefully  disinfected. 

GLANDERS. 

Fortunately,  this  is  a  comparatively  rare  disease  in  man  but  not  uncommon 
in  horses,  asses,  mules,  and  other  animals.    It  may  be  described  as  a  sub- 
acute, infectious  disease  of  the  nasal  mucous  membrane,  respiratory  organs 
and  skin  •  when  localised  in  the  skin,  the  affection  is  termed/arct/,  but  this  is 
identical  with  the  more  ordinary  form.    Whether  affecting  ^; 
danders  is  remarkably  fatal.    In  the  human  subject  the  disease  is  met  wit 
in  two  forms,  an  acut'e  and  a  chronic.    The  site  of  inoculation  is  ^^uaUy  «n 
the  hand  or  arm,  by  means  of  some  scratch  or  abrasion,  sometimes  on  the 
ace  and  occasionally  on  the  mucous  membrane  of  the  mouth,  nose,  or  eye 
l"  C  acute  form  there  appears  at  the  site  of  inoculation  inflammato^ 
sweUinc  attended  with  redness  and  sweUmg  of  the  lymphatics.    The  local 
cWes  are  followed  by  marked  constitutional  disturbance.    In  the  chronic 
form  the  local  lesion  results  in  the  formation  of  an  irregular  ulcer  with 
thickened  edges  and  sanious  discharge. 

The  daief  source  of  infection  is  the  horse.    The  virus  does  not  appear  to 
be  capabL  of  aerial  transmission,  except,  perhaps,  for  -ry  fjoi^^^^^^^^^^^ 
no  evidence  exists  in  support  of  infection  by  either  water  or  milk  inocula 
tionTthe  chief  mode  of  infection,  so  far  as  man  is  concerned,  generall 
trough  a  cutaneous  wound;  but  it  -ay  occur  without  abrasion  of  skrn^^^^ 
inicous  membrane.    The  usual  incubation  period  is  from  three  to  eight 

nnmprnus  before  these  latter  have  become  purulent.  The  bacilli  are  sienaer 
— h  ™tded  end.  r=se,nblin8  both  in  ^j^^'^y^^Z^^^, 
baeillnB.    They  are  easdy  eultiva  ed  at  36  to  38  0  on  b^^od  se  , 

appearance^  °",r'Ttf  datT  h    a'reSilXrorchocoIate  colour 

iL  resistant  than  many  other  non-spore-bearmg  bacilli 

(1  : 5000)  kills  them  in  two  minutes,  and  5  per  cent,  caibohc  acid 

minutes.  .     .       rrlmidpr'^  of  chemical  substances^ 
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rise  of  temperature ;  but  no  reaction  follows  in  healthy  horses.  Mallein  is 
prepared  in  the  same  way  as  tuberculin,  and  affords  in  doubtful  cases  a 
ready  means  of  determining  the  diagnosis  of  glanders. 

Prevention  will  be  best  secured  by  early  isolation  of  the  infected  man  or 
animal.  All  discharges  from  the  nasal  and  respiratory  mucous  membranes 
should  be  disinfected  and  destroyed.  Infected  stalls  and  stables  should  be 
disinfected.  Glandered  horses  should  be  destroyed,  but  this  is  not  com- 
pulsory in  the  case  of  farcy.  Though  there  is  no  evidence  that  the  flesh  of 
glandered  animals  used  for  food  propagates  the  disease,  still  it  is  advisable 
that  it  should  not  be  consumed. 


HYDEOPHOBIA. 

From  very  early  times  it  has  been  known  that  dogs  are  liable  to  a  fatal 
disease  which  they  transmit  by  their  bite  ;  and  this  disease  when  occurring 
in  man  was  called  "hydrophobia,"  from  the  dread  of  water,  which  is  one  of 
its  chief  symptoms.  In  the  lower  animals,  however,  this  very  symptom  is 
absent,  hence  in  them  it  is  more  commonly  spoken  of  as  rabies. 

■Rabies  may  occur  in  many  kinds  of  animals  besides  dogs.  It  is  common 
in  wolves,  jackals,  and  foxes,  and  the  bite  of  a  rabid  wolf  is  notoriously 
the  most  dangerous  of  all.  Cats  are  sometimes  affected  by  it,  but  far  less 
frequently  than  dogs.  Among  herbivora,  horses,  oxen,  sheep,  goats,  pigs, 
rabbits,  and  guinea-pigs  are  capable  of  being  infected  experimentally  by 
inoculation,  or  if  they  are  bitten  by  rabid  dogs.  Rabies  broke  out  as  a 
destructive  epidemic  among  the  fallow  deer  at  Richmond  in  1889,  and  soon 
afterwards  in  the  Marquis  of  Bristol's  park.  More  than  450  died  out  of  a 
herd  of  between  600  and  700  in  the  course  of  three  months. 

There  are  two  varieties  of  the  disease  in  dogs ;  one  characterised  by 
maniacal  excitement,  the  other  by  paralysis  of  the  jaw,  so  that  it  hangs 
down  and  allows  a  frothy  sahva  to  run  out  of  the  mouth.  In  each  form 
the  bark  is  somewhat  altered.  Towards  the  last,  the  hind  legs  and  the 
ioins  become  paralysed  so  that  the  animal  staggers  about  and  faUs.  Rabies 
IS  always  fatal  m  dogs,  usually  in  a  week  after  the  symptoms  have  appeared, 
occasionally  after  nine  or  ten  days.  In  rabbits  the  symptoms  of  rabies 
(transmitted  from  dogs),  m  the  absence  of  excitement  and  the  development 
ot  paraplegia,  are  like  those  of  dumb  madness,  which,  as  in  dogs,  takes  the 
lorm  of  acute  ascending  paralysis.  The  study  of  the  disease  when  repro- 
cluced  by  inoculation  m  animals  shows  a  very  similar  series  of  symptoms  to 
those  which  are  characteristic  in  man.  There  is  first  a  stage  of  excitement 
with  visual  delusions;  tlien  hypersesthesia  with  reflex  spasms;  next  the 
stage  of  mama  and  (particularly  in  rabbits)  paraplegia,  corresponding  to  the 

Ct  '  ''"'^  ""^^^^  ^""^^"^^^ 

At  one  time  hydrophobia  Avas  supposed  to  occur  chiefly  in  temperate 
Climates,  but  this  is  not  the  case,  as  it  is  by  no  means  uncommon  in  India 
and  Central  Asia.  The  only  part  of  the  world  in  which  it  is  as  yet 
unknown  is  Australia.  Like  other  specific  diseases  it  is  often  absent  from  a 
town  or  locality  for  several  years  together,  until  some  accident  introduces 
vdrl;  1  epidemic.    In  England  the  gi-eatest  number  of  cases  of 

Mt^oT^o^kshre 

hvdmnbM?;o'^-''"'iQQo  Kegistrar-General's  returns  show  twelve  deaths  from 
hree  fwn  ?  ""-^  Tli'^n  only  one,  three,  four,  two. 

tnree,  two,  m  the  successive  years  to  1845,  none  in  1847,  '49,  and  '52,  and 
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only  oue  in  1846,  '48,  '50,  '51,  and  '53.  Seven  were  returned  in  1854, 
and  two  in  1855  and  '57.  None  in  1856,  '58,  '59,  '60,  '61,  and  '62.  Two 
in  1863,  and  none  again  in  1864,  but  nine  in  1865,  and  six  in  1866.  There 
were  three  in  1867  and  '69,  none  in  1868  and  '70  ;  one  in  1871,  '72,  and 
'73.  Then  there  were  nine  in  1874,  six  in  1875  and  '76,  and  sixteen  in 
1877  ;  five  in  1878,  two  in  1879,  three  in  1880,  Eve  in  1881,  four  in  1882, 
eight  in  1883,  nine  in  1884,  and  in  1885  no  less  than  twenty-seven.  In 
1886  the  number  suddenly  fell  to  nine,  after  muzzhng  was  enforced,  and  in 
1887,  '88,  there  were  only  two  and  three  deaths  respectively.  Seven 
occurred  in  1889,  two  in  1890,  two  in  1891,  none  in  1892,  one  in  1893, 
and  one  in  1894.  None  in  1895,  four  in  1896,  the  highest  number  recorded 
in  London  in  any  year  since  1889.  One  in  1897,  none  in  1898,  none  in 
1899. 

According  to  the  popular  belief,  the  disease  is  more  frequent  in  the  hot 
season  than  during  winter  and  spring.  Of  132  cases  throughout  England 
and  Wales,  fifty-one  occurred  in  July,  August,  and  September.  Hydro- 
phobia causes  most  deaths  at  ages  between  five  and  fifteen  years,  more  males 
being  affected  than  females.  Bites  about  the  face,  and  especially  those 
inflicted  by  rabid  wolves,  are  more  deadly  than  others ;  the  danger  is  less 
when  the  part  bitten  is  protected  by  clothing.  Of  cases  of  bites  by  animals 
proved  beyond  doubt  to  be  rabid  (the  proof  being  the  occurrence  of  a 
genuine  case  of  rabies  in  some  person  or  animal  bitten  by  them  or  inoculated 
from  them),  hydrophobia  manifests  itself  in  20  to  25  per  cent,  of  the  persons 
bitten,  all  of  whom  die.  By  means  to  be  described  subsequently,  the  mortahty 
may  be  reduced  to  at  least  0-39  per  cent.,  and  by  other  preventive  measures 
the  disease  can  be  and  has  been  stamped  out  completely. 

Hydrophobia  is  doubtless  caused  in  all  cases  by  the  transference  to  the 
patient  of  the  specific  virus  of  rabies,  such  transference  being  imparted  to 
man  and  probably  animals  also  by  the  bite  of  rabid  dogs ;  or  more  rarely  of 
rabid  wolves,  jackals,  foxes,  and  cats.  The  incubation  period  is  most 
frequently  about  six  weeks.  When  the  infecting  wound  is  on  the  face,  the 
incubation  is  probably  shorter.  In  children,  also,  it  is  usuaUy  shorter  than 
in  adults.  In  132  cases  of  hydrophobia,  selected  by  the  Registrar-General 
(1886)  on  account  of  the  circumstances  being  accurately  known,  the  shortest 
incubation  was  eleven  days  in  a  child  bitten  by  a  rabid  cat.  In  23  cases  it 
was  under  a  month,  in  64  between  one  and  two  months,  m  21  between  two 
and  three  months,  in  124  it  was  under  five  months,  in  127  under  ten 
months  and  in  130  under  two  years.  In  one  case  it  was  between  three 
and  four  years,  and  in  one  other  above  four  years.  Experimental  inocula- 
tion in  dogs,  rabbits,  and  other  animals  shows,  on  the  whole,  shorter  periods 
than  when  the  disease  dates  from  the  infliction  of  a  bite  by  a  rabid  dog  ;  ana 
when  the  virus  is  introduced,  not  subcutaneously  but  beneath  the  dura 
mater  after  trephining  the  skull,  the  period  of  incubation  is  measured  by 
days,  a  week  being  a  very  frequent  time. 

There  is  no  doubt  that  the  virus  resides  m  the  saliva  and  salivary  g  auds 
Magendie  long  ago  produced  rabies  in  dogs  by  inoculating  them  with  tiie 
saliva  of  hydrophobic  patients.  Pasteur  demonstrated  that  the  spinal  cord 
is  also  the  seat  of  the  virus,  and  that  inoculations  from  it,  especially  if  intro- 
duced under  the  dura  mater  of  a  dog  or  a  rabbit  after  trephining  the  sk  u 
will  reproduce  the  disease  in  dogs  and  rabbits.  Pasteur  further  showed  tlia^ 
the  virus,  when  propagated  through  a  series  of  rabbits,  increases  m^^^^^  ^ 
its  virulence  ;  so  that  whereas  subdural  inoculation  from  the  brain  of  a  n^^a 
dog  takes  from  fifteen  to  twenty  days  to  produce  ^l^e  ^?sease  in  succes 
inoculations  in  a  series  of  rabbits  the  incubation  period  is  gradually  educe 
to  seven  days.    The  spinal  cord  of  these  rabbits  contains  the  virus  in  gre 
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intensity,  but,  when  kept  in  perfectly  diy  air,  the  virus  gradually  diminishes 
in  intensity.  If,  now,  dogs  are  inoculated  with  cords  preserved  for  from 
twelve  to  fifteen  days,  and  then  with  cords  preserved  for  a  shorter  period, 
/.e.  with  a  progressively  stronger  virus,  they  gradually  acquire  immunity 
against  the  disease.  A  dog  treated  in  this  way  will  resist  inoculation  with 
material  from  a  perfectly  fresh  cord  from  a  rabid  rabbit,  which  otherwise 
u-ould  inevitably  have  proved  fatal.  Eelying  upon  these  experiments, 
Pasteur  began  inoculations  in  the  human  subject,  usmg,  on  successive  days, 
material  from  cords  in  which  the  virus  was  of  varying  degrees  of  intensity.  ' 

According  to  Muir  and  Ritchie  the  following  is  the  record  of  the  first 
case  treated : — 

July  7,  1885,   9  a.m.,  cord  of  June  23,  i.e.,  14  days  old. 
I  6  p.m.,      „        „    25     „    12  „ 

"     °     "      9  a.m.,     „        „    27     „  11 


10 
11 
12 
13 
li 
15 
16 


6  p.m.,      „  29     „  9 

9  11  a.m.,      ,,      Julv  1     ,,  8 


^  7 

5  6  „ 

7 

9  4  „ 

11  3  „ 

13  M     2  „ 

15  ,,     1  day  old. 


The  only  modification  which  the  method  has  undergone  has  been  in 
Ithe  treatment  of  multiple  bites  from  Avolves,  extensive  bites  on  the  head, 
c  &c.    In  such  cases,  on  the  first  day  at  11  a.m.,  4  p.m.,  and  9  p.m.,  cords  of 
twelve,  ten,  and  eight  days  respectively  are  used ;  on  the  second  day,  cords 
?n.S         ^""'l  «^  tl^^  tl^ird  day,  a  cord  of  one  day;  on  the 

?        ''''S'  '''''  ^^'^        ^^y^ '       the  fifth,  cords  of  three  and 

two  days;  on  the  sixth  cords  of  one  day;  and  so  on  for  ten  days."  In 
each  case  the  average  dose  is  about  3  c.c.  of  the  emulsion  of  spinal  cord 
( (^tli  of  a  cord)  m  broth.  ^ 

While  the  case  mortality  of  hydrophobia  is  practically  100  per  cent  if 
iTlfaT faUen^o'o'?^^        after  treatment  at  the  Vasteur  institute  in  Pari 
^v  dedttn  f^       V'''  """"^  I^\making  up  the  statistics  cases  have  been 
2to  W     ^    V  '  1  ^  ^^^^^'^^^  P'^^-^^^^  bitten  by  dogs  proved 

Nervous  v5fl  ^^'^^^^^'^^n  in  healthy  animals  of  parts  of  their  central 
nnervous  system.  Class  B  includes  persons  bitten  by  dogs  certified  by 
nllTTo^  ^!  C  ^°«^^des  aU  otiier  cases.  During 

^two  deaths  T^q''    T  '"^"^  '        in  class  B,  with 

STenf  o.  '-k   v.'?    '1  ^'  ""i?  ^°  o^^^urving  during  treat- 

innent^^or  withm  fifteen  days  of  last  inoculation,  are  not  included. 

'Pasteur  h;r,W  ""^'""T  ^^:,P^'«J^diced  critics,  it  is  generally  admitted  that 
hy^lronhobh  Z  J  prophylactic  treatment  of 

SaSVnv  .S^^^^^^  th*^  intended  protective 

ixX  be^  in7.  ?  i'       "^^^it  ^"gly  employed  on  persons  who  have  not 
ca  ly  been  infected  before,  produce  a  fatal  form  of  the  very  disease  against 

thlV'TP"'"^     P'"^""*-  difficulties  in  the  way  of  a  sound  dedsion 

pSSi^r  "^^^^^^^  ^'^^^  satisfactorily  overcome 

^  X  siSnt  TenS^^^^^^  ''''  be  stamped  out  by  muzzling  all  known  dogs  for 
!^wprl«n  °     ^  t™"'         destroying  all  others.    This  was  done  in 

S  slLTsTh^'"'  ago,  and  the  country 'remains  free  from  iTylopl  obia 
ieVSe  n  the'Tll"  r ''^K  '  ''f^''''''^  '"'^'^^  ^''^^  '-attempt?  hav 
^■tfotti^gdlm   and  in  189^^'  '^''^^^r^"  ^^^^  "^1886  in 

{Riding^f\o^kshire  /^^^e'^gh^"^  L^^^-^l^i^^.  Cheshire,  the  A¥est 

8       Yorkshire,  and  London.    These  muzzling  orders  have  always 
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been  followed  by  a  cessation  of  rabies,  but  have  been  invariably  relaxed  too 
soon.  The  only  elfectual  way  to  stamp  out  rabies  is  to  enforce  muzzling 
strictly  throughout  the  island  for  at  least  a  year.  Under  the  Ralies  Order 
uf  1892,  issued  by  the  Board  of  Agriculture,  County  Councils  have  power 
to  make  regulations  for  muzzling  and  other  preventive  measures. 


INFLUENZA. 

The  recent  series  of  epidemic  visitations  of  this  disease  in  tliis  country 
have  made  its  chief  characteristics  familiar  to  most  people.  Although  the 
original  home  of  this  affection  is  not  known,  our  knowledge  is  suiiicient  to 
convince  us  that  it  is  a  disease  which  has  periodically  prevailed  in  various 
parts  of  the  world  as  an  epidemic  since  very  early  times.  An  analysis  of 
the  chief  epidemics  of  influenza  during  the  present  century  shoAvs  that  its 
progress  and  prevalence  are  quite  independent  of  race,  climate,  or  season : 
that  man  is  the  chief  vehicle  of  its  diffusion:  and  that  its  epidemic 
prevalence  attains  its  height  amongst  crowded  communities.  Although 
there  is  some  indication  of  its  preference  for  lines  of  traffic,  the  actual 
progress  of  an  epidemic  is  very  irregular. 

The  interval  between  epidemics  is  variable :  in  England  the  chief  out- 
breaks were  in  1803,  1833,  1837-8,  1847-8,  and  some  minor  epidemics 
about  every  three  years  tiU  1860,  when  these  practically  ceased.  Notliing 
was  heard  of  the  disease  after  1860  until  1889,  when  a  new  series  of 
epidemics  began,  each  covering  almost  the  whole  country  at  intervals  of 
about  a  year.  Influenza  epidemics  difi"er  in  type  from  time  to  time,  and 
there  is  also  considerable  variety  in  different  centres  during  the  progress  of 
an  epidemic  as  to  the  tendency  to  one  or  other  group  of  local  symptoms  or 
complications.  All  epidemics,  however,  present  the  same  general  characters, 
such  as  "rapidity  of  dissemination,  general  independence  of  climatic, 
seasonal,  age  and  sex  influences,  relative  suddenness  of  onset  as  regards 
attack,  and  low  case  mortality  "  (Parsons). 

men  the  1889  epidemic  appeared  in  England  some  doubt  was  expressed 
by  a  few  as  to  whether  it  was  influenza  at  all,  mainly  owing  to  the  improper 
and  traditional  application  of  the  term  "  influenza  "  during  non-epidemic  times 
to  ordinary  catarrh.  Others  were  disposed  to  complicate  the  situation  by  the 
suggestion  that  the  prevailing  epidemic  was  one  of  dengue.  This  latter  i% 
however,  "  essentially  a  disease  of  hot  climates  and  seasons,  seldom  fatal,  is 
unattended  with  pulmonary  complications,  almost  always  presents  a  rasli, 
and  is  frequently  followed  by  desquamation."  ,       ^  •    tt    i  „J 

MortaUty.— It  is  estimated  by  the  Registrar-General  that  m  England 
and  Wales,  in  the  four  years  1890-1-2-3,  the  aggregate  loss  from  influenza- 
was  not  fewer  than  46,615  lives.    Although  m  most  parts  of  the  country 
there  has  been  a  great  decrease  in  influenza  mortahty  during  the  iast  jear 
as  compared  with  the  preceding  four  years,  nevertheless,  m  some  parts  ol 
England  and  Wales,  and  notably  in  the  metropolis,  the  disease  may  be  con 
sidered  to  be  still  fatally  prevalent.     The  ^^^f^hs  in  England  a^^^^^ 
specially  referred  to  influenza  during  1898  numbered  10,405.    These  de^  h^ 
were  equal  to  a  rate  of  331  per  million  of  the  population,  as  ] 
an  average  rate  of  256  per  million  in  the  ten  years  immedialely  V^J^f^l^ 
In  London  the  rate  was  equal  to  278  per  million     The  highest  rates  a^b^ 
recorded  in  Cornwall,  744  ;  Dorsetshire,  779  ;  R^^^landshire,  794  ;  and  ^^^^^^^ 
fordshire,  1167  per  million  of  the  several  populations  Experienc^^^^^^^^^^ 
a  rise  in  the  mortality  from  influenza  has  genemlly  been  attended  bj  a  r 
in  the  mortahty  from  lung  and  sometimes  heart  disease.    During  the  J 
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1890-1-2-3  this  was  specially  consi^icuous,  so  that  the  mortality  attributable 
to  influenza  must  therefore  not  be  measured  solely  by  the  deaths  registered 
as  due  to  that  cause,  but  the  indirect  eff"ect  of  the  malady  as  expressed  in 
the  increased  death-rate  from  certain  other  causes  must  also  be  taken  into 
account.  The  case  mortality  is  variable,  but  generally  Ioav,  averaging  about 
1  to  I  "6  per  1000. 

The  ^yo^ec^zon  conferred  by  an  attack  is  slight  and  evanescent,  second 
and  third  attacks  being  common. 

Etiology.— The  period  of  incubation  appears  to  be  short,  from  one  to 
three  days.  The  breath  is  in  aU  probability  infectious  from  the  first 
-■ontmuing  to  be  so  as  long  as  the  eighth  or  tenth  day,  and  perhaps  longer  ' 
\  arious  hypotheses  have  been  proposed  to  explain  the  cause  of  influenza, 
but  m  the  light  of  what  we  know  about  other  diseases,  coupled  with  the 
general  behaviour  of  influenza,  the  most  probable  one  is  that  it  depends 
upon  a  micro-organism.  Though  various  species  of  bacteria  have  been 
.  escribed  by  different  observers  as  present  in  this  disease,  those  first 
aescribed  by  Pfeiffer  m  1892  as  being  constantly  present  in  the  bronchial 
■sputum  and  pulmonary  exudation  in  all  cases  of  influenza  are  now  generallv 
regarded  as  the  real  microbial  cause.  The  bacilli  are  very  minute,  about 
half  the  length  but  the  same  thickness  as  the  bacilli  of  mouse  septicemia  • 
m  stained  specimens  they  show  a  characteristic  bipolar  granule  with  inter- 
I  mediate  clear  part,  hence  closely  resemble  a  diplococcus.  They  aggregate 
.  m  clumps,  occur  in  the  leucocytes  of  the  sputum,  and  disappear  with  °the 
cessa  ion  of  the  disease.  At  37°  C.  they  grow  in  a  characteristic  manner 
on  blood-agar.  Colonies  appear  within  twenty-four  hours  in  the  form 
of  minute  circular  dots  ahnost  completely  transparent.  When  numerous 
t  the  colonies  are  scarcely  visible  to  the  naked  eye,  but  when  sparsely 

f forms  a  1^1  ^^'"^     ""^^'^  ^  '^'^  ^l^i^ish  deposit 

tonus  at  the  bottom  of  the  tube.      The  bacilli  are  found  in  enormous 

r?.^.t^ry  ti^l.  ^^"^'^"^  '-absorbed  from  the 

The  curious  tendency  of  influenza  to  recur  at  intervals  in  the  same 

er^LaS^^^^^^^  ^^^^'^  ^^1^      live  and  ttiveTo 

oT^  Tn   L'^^  "f'f'        ^^""^^^  ^'^y  ^l^^ther  this  is  in  the 

S  atles  1  ^"""'"f'  "^^"^'"^^  unknown.  That  these  latter 
^■sTmp  I;^ei^  'f''  ^"""g  'epidemics  from 

::to?seTeL  f  r  ^'"'f     "^^^P*"^^^-    Worses,  also,  are  liable 

^e4ded      a  f  disease,  known  as  "  pink-eye,"  which  has  been 

Khnd  wl  Pi      I      '""^T'"^-    ^''^''''^y  both  in 

Ks  of  have  been  preceded  by  out- 

KuM^  '  ^"m'  -r.  ^^Ij^^^^-^d  by  Klein>  there  ire  grave  reasons 

t^J^nsmissibihty  of  influenza  to  lower  animals. 

fef  symiltomr'^,?  '"'"'"^  *be  earliest  appearance 

'^o2^t7L,?Z''"°  r'"t'^  prevalence,  people  should  not 

'oroner  rin  Jv;  P^^'^^y       open-air  exercise  short  of  fatigue  a 

izi  r,tt^;!;;iac«r      "^-^  °' 

LEPROSY. 

.■>f  tlh^^Ztlts'in^^^^^  characterised  by  eitlier  the  presence 

noauies  in  the  skin  and  mucous  membranes  or  Ijy  degenerative 
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changes  in  the  nerves.  At  first  these  forms  may  be  separate,  but  ulti- 
mately both  are  combined.  Leprosy  is  one  of  the  oldest  of  known  diseases, 
and  at  present  prevails  widely,  particularly  in  hot  countries.  In  India  it  is 
estimated  that  there  are  some  300,000  lepers.  In  Europe,  where  it  exten- 
sively prevailed  in  the  Middle  Ages,  it  has  become  almost  unknown  except 
in  Norway.  In  America  it  exists  in  the  Gulf  States  and  in  Mexico.  In 
the  Sandwich  Islands  leprosy  has  developed  to  an  enormous  extent ;  while 
in  the  West  Indies  the  disease  has  been  long  endemic. 

Cause  and  Etiology. — A  microscopic  section  made  through  a  leprous 
tubercle  shows  the  tubercle  to  be  a  granuloma,  each  and  aU  of  the  ceUs  of 
which  are  filled  with  minute  bacilli.  Hanson  was  the  first  to  observe  this 
fact,  and  regarded  these  bacilli  as  the  virus  of  the  disease.  These 
observations  have  since  been  repeatedly  confirmed  by  others.  The  lepra 
bacilH  are  on  the  average  4  to  8  yu.  long,  and  about  OS  fi.  thick;  in  well- 
stained  and  well-washed  specimens  they  resemble  somewhat  the  tubercle 
baciUi,  by  showing  segregation  of  the  protoplasm  (deeply  stained  granules) 
in  a  faintly  stained  sheath.  Cultivations  of  these  bacilli  have  not  been 
satisfactorily  carried  out ;  while  all  inoculation  experiments  on  animals  have 
yielded  only  negative  results. 

Leprosy  attacks  all  classes  and  persons  of  all  ages.    It  is  probably  com- 
municated by  contagion.    Arning  claims  to  have  successfully  inoculated  in 
1885  a  Hawaiian  convict,  named  Keanu,  with  leprosy;  but  subsequent 
criticism  of  this  case  suggests  a  possible  mistake  as  to  the  inoculation  having 
been  successful,  owing  to  the  fact  that  the  man  Iveanu  is  one  of  a  family  of 
lepers,  and  that  the  disease  as  it  appeared  in  Keanu  was  too  rapid  to  have 
been  the  result  of  the  inoculation  by  Arning.    Leprosy  is,  apparently,  only 
contagious  in  the  same  sense  as  syphilis,  and  just  as  accidental  contamma- 
tion  with  this  virus  is  extremely  rare,  so  it  is  with  leprosy.    The.  closest 
possible  contact  may  take  place  for  years,  as  between  parent  and  child, 
without  transmission ;  but  it  is  difficult  to  explain  the  rapid  spread  of  the 
disease  in  the  Sandwich  Islands  on  any  other  view  than  contagion,  and  yet 
it  is  strange  that  there  is  no  evidence  of  a  primary  lesion  or  external  sore 
comparable  to  that  of  syphilis.    There  is  an  increasing  belief  that  m  the 
maiority  of  cases  the  disease  is  propagated  by  sexual  congress,  but  tha 
evidence  is  by  no  means  definite.    The  disappearance  of  the  disease  in  the 
Middle  Ages  was  probably  the  result  of  the  strict  isolation  of  lepers  enforced 
at  that  time.    In  more  recent  times,  it  is  just  possible  that  the  aflPection  may 
have  been  transmitted  by  vaccination,  though  there  is  no  authentic  case  of 
such  having  happened.    Hereditary  transmission  cannot  be  excluded,  and 
there  is  no  good  reason  why  the  disease  should  not  be  communicated,  hke 
syphilis,  from  parent  to  child.    Hutchinson  believes  that  the  disease  is 
always  associated  with  some  special  kind  of  food,  particularlj^  fish     He  does 
not  deny  the  specific  nature  of  leprosy,  or  the  possibility  of  contagion  but 
infers  that  it  may  be  the  fish  diet  which  renders  the  patient  susceptible,  or 
even  be  the  vehicle  or  medium  with  which  the  poison  may  be  taken,  bo 
far,  the  general  facts  regarding  the  incident  of  this  disease  do  not  lend 
much  support  to  Hutchinson's  views,  but  rather  indicate  the  importance  ot 
keeping  lepers  as  much  isolated  as  possible,  and  otherwise  treating  it  as  being 
essentially  a  communicable  disease.  ,     n   ,  -i  q  i^npr 

Prevention  probably  depends  upon  the  removal  of  children  of  Itper 
parents  from  the  leprous  surroundings,  and  their  education  m  ''i^.yl!;"^^  l'"^^ 
favourable  hygienic  conditions  ;  the  voluntary  isolation  of  lepers  in  colomes 
or  fa  ms,  ancUhe  abstention  of  lepers  from  the  occupations  of  -1-^^^^^^^^^ 
washermen  or  washerwomen,  and  from  the  sale  of  .,  ^^^^^^ 
Commission  have  reported  that  compulsory  segregation  is  quite  unnects.  ary 
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The  malarial  diseases  may  be  conveniently  considered  as  a  single  group, 
although  they  include  many  varieties  that  have  received  names  suggestive 
of  specific  distinctions  bet-vveen  them.  They  all  have  a  characteristic 
tendency  to  periodicity,  and  in  their  general  etiological  conditions  appear  to 
'le  closely  related. 

Geographical  Distribution.— "Covering  a  broad  zone  on  both  sides  of 

the  equator,  malarial  diseases  reach  their  maximum  of  frequency  in  tropical 

and  subtropical  regions.    They  continue  to  be  endemic  for  some  distance 

into  the  temperate  zone,  with  diminishing  severity  and  frequency  towards 

he  higher  latitudes ;  in  epidemic  form  they  not  infrequently  appear  in  yet 

ther  regions,  and  in  still  wider  diffusion  with  the  character  of  a  pandemic 

also  beyond  their  indigenous  latitudes  "  (Hirsch).    The  present  distribution 

I  of  malaria  indicates  it  to  be  widely  prevalent  in  a  virulent  form  in  tropical 

Africa,  especially  on  the  west  coast.    It  also  prevails  in  Algiers,  and  in  the 

Nile  Valley  of  Egypt.    In  Asia,  it  is  notoriously  prevalent  in  India,  China, 

I  Ceylon,  Arabia,  Afghanistan,  Persia,  and  Syria.     In  the  western  hemi- 

:  sphere,  it  is  met  with  in  the  West  Indies,  Peru,  Brazil,  Panama,  and  the 

:  southern  and  central  parts  of  the  United  States.    Of  European  countries, 

Italy  suffers  the  most,  and  perhaps  Great  Britain  the  least,  though  even  now 

I  the  disease  still  lingers  in  the  fen  districts  of  Lincolnshire,  and  the  counties, 

'  of  Norfolk,  Huntingdon,  and  Cambridge. 

Although  malaria  is  most  prevalent  and  most  malignant  in  tropical  and 

;  subtropical  countries,  yet  among  such  countries  it  appears  to  have  a  special 

;  affinity  for  certain  parts.    Thus,  in  India,  the  Presidency  of  Madras  suffers 

I  much  less  than  those  of  Bengal  and  Bombay.    So  also,  on  the  West  African 

I  coast,  malaria  "  becomes  less  severe  from  Cape  Lopez  southwards,  and  this, 

i  exemption  becomes  more  and  more  marked  the  nearer  we  approach  the  Cape 

cof  Good  Hope,  which  itself  enjoys,  along  with  St  Helena,  an  almost  complete 

1  immunity  from  the  endemic  fever."    New  Zealand  and  Tasmania  are  said  to 

be  completely,  and  Australia  almost  completely,  exempt. 

A  point  of  some  interest  in  connection  with  malaria  is,  that  it,  at  times, 

thas  exhibited  decided  epidemic  tendencies,  extending  to  localities  in  which 

l  it  IS  not  commonly  met  with.    This  circumstance  suggests  the  question 

vwhether  there  is  any  actual  transport  of  the  malarial  organism  beyond  its 

oordmary  endemic  areas ;  or  whether,  in  certain  districts,  organisms  which 

aare  usually  benign  may  not  acquire  pathogenicity  as  the  result  of  some 

e exceptional  conditions  of  weather;  or  whether,  again,  these  exceptional 

ameteorological  conditions  may  not  operate  indirectly  by  increasing  the 

s susceptibility  of  individuals,  and  thus  render  them  "vulnerable  to  attack  by 

I' organisms,  indigenous  to  the  neighbourhood,  but  not  usually  pathogenic." 

-  As  to  the  possibility  of  the  two  latter  hypotheses,  we  have  no  precise 

e  evidence,  but  the  fact  that  some  districts,  which  up  to  a  certain  time  have 

'^enjoyed  immunity  from  malarial  disease,  such  as  Reunion  and  Mauritius 

liiave  subsequently  become  endemic  centres  of  that  malady,  is  extremely 

"suggestive  of  the  possible  transportation  of  the  causative  agent.  Malaria 

timay,  without  doubt,  be  conveyed  by  air  currents,  but  for  what  distances  ia 

luncertam :  m  any  case,  its  conveyance  by  air  is,  to  a  large  extent,  arrested 

'oy  belts  of  trees  and  sheets  of  water,  especially  salt  water.    On  the  other 

I  nand  when  favoured  by  ravines  and  heated  currents  of  air,  malaria  can  pass 

+   Q^Tf^'^.    ^^^"^^^  appears  to  differ  in  different  climates,  varying  from  500 
'to  JOOO  feet. 

As  regards  sex  and  age  influence,  males  appear  to  suffer  more  frequently 
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than  females,  but  possibly  tliis  is  due  to  increased  exposure  to  infection. 
No  age  can  be  said  to  be  exempt,  but  attacks  are  certainly  less  frequent 
among  the  very  young  and  the  very  old. 

Influence  of  Season  and  Locality. — ^ Although  in  countries  where  malaria 
is  endemic  the  disease  occurs  in  any  season  of  the  year,  its  general  preva- 
lence, nevertheless,  appears  everywhere  to  be  largely  regulated  by  season, 
though  the  particular  time  of  year  in  which  it  is  most  common  varies  in 
different  countries.  Even  in  the  tropics,  where  malaria  constantly  prevails, 
there  are  minimum  and  maximum  periods ;  the  former  corresponding  to  the 
summer  and  ivinter,  the  latter  to  the  spring  and  autumn  months.  In 
temperate  climates,  there  are  only  a  few  cases  in  the  spring,  but  a  large 
number  of  cases  in  September,  October,  and  sometimes  in  November.  In 
the  most  malarious  districts  in  the  tropics,  the  maximum  prevalence  is 
during  and  towards  the  close  of  the  rainy  season.  In  the  temperate 
climates  the  relation  between  the  rainfall  and  malaria  is  not  so  clear,  the 
cases  being  often  more  numerous  after  a  dry  summer ;  but  if  either  heat  or 
moisture  is  excessive,  the  development  of  the  virus  is  checked  for  a  time. 
A  tolerably  high  temperature  appears  to  be  one  of  the  essential  conditions 
for  the  development  of  the  virus. 

The  importance  of  the  state  of  the  soil  in  the  etiology  of  malaria  is 
universally  recognised,  and  has  already  been  discussed  in  a  previous  chapter. 
The  disease  is  particularly  common  in  low,  marshy  regions  which  have  an 
.abundant  vegetable  growth.  Estuaries,  badly  drained  low-lying  districts, 
the  course  of  old  river  beds,  tracts  of  land  which  are  rich  in  vegetable 
matter,  and  particularly  districts  such  as  the  Roman  Campagna,  which  have 
been  allowed  to  fall  out  of  cultivation,  are  favourite  localities  for  the  develop- 
ment of  the  malarial  poison.  These  conditions  are  most  frequently  found, 
of  course,  in  tropical  and  subtropical  regions,  but  it  must  not  be  overlooked 
that  some  of  the  most  malarious  districts  of  India  are  steep  mountain  slopes, 
and  that  many  others  both  in  India  and  elsewhere  are  equally  free  from 
moisture  of  the  soil.  Instances  are  common  in  Avhich  districts,  previously 
healthy,  have  become  temporarily  or  permanently  malarious,  without 
apparent  change  in  their  physical  conditions.  The  proof  of  the  close 
relation  between  malaria  and  the  soil  is  completed  by  the  fact  that  malarious 
soil  conveyed  in  boxes  to  healthy  districts  has  given  rise  to  outbreaks  of  the 
.disease. 

The  Malarial  Parasite.— Malaria  being  a  specific  disease,  the  presence 
.of  a  specific  organism  is  necessary,  and  the  conditions  of  cUmate,  season, 
;  and  soil  above  described  are  to  be  regarded  merely  as  more  or  less  favour- 
able to  its  growth  and  dissemination.  In  1880,  Laveran,  a  French  army 
surgeon,  announced  the  discovery  of  a  parasite  in  the  blood  of  patients 
attacked  by  malarial  fever.  His  observations  have  been  since  confirmed 
.and  extended  by  Marchiafava,  Celli,  Golgi,  and  many  others.  In  fact, 
not  a  single  observer  who  has  had  the  necessary  training  and  the  material 
..at  his  command  has  failed  to  demonstrate  the  existence  of  these  parasites. 

The  bodies  which  have  been  found  invariably  associated  with  all  forms  of 
malarial  fevers  belong  to  the  protozoa ;  in  some  respects  they  resemble  the 
monads  and  in  otliers  the  sporozoa.  To  the  amoBboid  forms  within  the  red  , 
blood-corpuscles  Marchiafava  and  Celli  gave  the  name  Plasmodium  malance, 
but  this  is  probably  an  incorrect  nomenclature,  as  the  malarial  parasite 
really  belongs  to  the  class  sporozoa  amongst  the  protozoa.  On  Plate  XV  are  t 
.represented  various  forms  of  this  organism,  as  observed  in  the  blood  by 
Manson  and  others.  j  n 

The  par.'isites  in  aU  the  forms  of  malarial  fever  pass  through  a  definite 
.cycle  of  development  which  is  completed  in  a  period  of  time  corresponding 
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t.to  the  type  of  the  fever.  Mannaberg  has  classified  the  varieties  of  malarial 
fifever  somewhat  as  follows  : — 

(«)  ^^6i°g°|  TertiaiT  (2)  forms  crescentic  bodies  are  not  found. 

/M  TVT  r  ^  f  Quotidian  -f  Pigmented  parasite  (3)  )  in  these  fevers  crescentic  forms 
(&)  Malignant  ■]  ^  \unpigmented  „  appear. 

Tertian  (5) 

(a)  (1)  In  quartan  fever  the  parasite  passes  through  its  cycle  in  three 
Idays,  and  aU  the  stages  are  found  in  the  blood.  At  its  earliest  stao-es  it 
ip,ppears  as  a  small  round  clear  speck  which  invades  the  red  corpuscle  and 
possesses  little  amoeboid  movement.  Later  it  increases  in  size  within  the 
corpuscle  and  acquires  a  large  amount  of  coarse-grained  pigment  Segmen- 
tation or  sporulation  then  takes  place,  the  pigment  becomes  arranged  in  a 
■central  mass,  and  the  protoplasm  is  divided  up  radially  into  ei^rht  or  ten 
^dsgments  producmg  the  weU  known  "rosette  form."  In  each  segment 
>vhich  constitutes  a  spore  a  nucleolus  can  usually  be  seen  Finally  the 
<^egments  become  detached,  acquire  a  round  form,  and  are  found  free  in  the 
^olood  plasma.  The  mature  parasite,  before  segmentation,  completely  fills 
bhe  normal-sized  corpuscle,  scarcely  a  rim  of  haemoglobin  being  visible 

(2)  The  tertian  parasite  closely  resembles  the  quartan  °  it  differs  bv 
sxhibitmg  very  much  greater  amoeboid  activity  during  its  period  of  o-rowth  ■ 
Llso  the  pigment  particles  are  finer  than  in  the  quartan  parasite,  and  are 
.onstantly  changing  their  position  in  the  peripheral  layer  in  which  they  lie 
ihe  tertian  parasite  also  causes  hypertrophy  and  marked  decolourisation  of 
hhe  red  corpuscle  and  when  sporulation  takes  place,  fifteen  to  twenty  spores 
I  re  formed  which  look  like  a  bunch  of  grapes.  The  whole  cycle  is  com- 
I'leted  in  forty-eight  hours. 

^^IJ^^^  parasites  found  in  the  malignant  fevers  are  very  much  smaller 
lihan  the  benign  parasites,  and  at  first  show  active  amoeboid  movements 
rm  a  short  time  the  movement  subsides  and  the  parasites  assume  "rinc" 
orms.  Sporulation  occurs  irregularly,  and  chiefly  in  the  internal  or-ans  •  the 
•pores  are  extremely  small.  The  crescentic  bodies  are  the  most  characteristic 
the  malignant  parasites  :  they  do  not  form  a  stage  in  the  ordinary  cycle 
mt  appear  m  the  blood  after  the  fever  has  lasted  some  time     Thev  are 

^T^st^jsr^'' ''''       '  '^-^ 

In  the  malignant  quotidian  fever  the  parasite  may  be  pigmented  or 

:sir  six't  e7gS  >'°'"''  io.: 

The  malignant  tertian  parasite  resembles  somewhat  the  benign  tertian 
r;rl"l"-'""'^'-''"'^\'^'  ?^  *^^-g^-ts,  numbering  ten  to  twelve 
Lturp  nAi    ^^/'^^.i^'^^g^l^^heap.    The  crescents  form  a  distinguishing 
^nrSr  I"      three  malignant  varieties  the  red  corpuscles 

'ormk,  and  they  may  appear  darkly  stained  or  may  be  perfectly  coloi  rles 
.^ritTf         '  Mamiaberg  the  crescentic  bodies  Je  conjugation  forms 
IZ       r  intra-corpuscular  bodies.    When  mahrhl 

Wd  is  observed  outside  the  body  "flagellated  organisms"  may  b  seen 
^  the  malignant  fevers  they  appear  to  be  derived  from  the  cresUts  and 
^set  r'^?  I'-^rge  pigmented  intra-corpuscular  bodie  Th^ 

agella  may  become  detached  and  move  away  independently.    Thev  ^re  not 
en  in  the  circulating  blood,  but  appear  afteJ  it  hai  left  the^oody.  M^on 
^st  sL;    T^'V'^"*^        "flagellated  bodies"  probably  represeiS  th 
ud.^K.  ?    ^''''^^■'"'P'^'^'^''^^  ^'^^  of  the  malarial  parasite.    He  also  co 
uded  that,  as  m  the  case  of  filaria  nocturna,  the  mosquito  served  as  a 
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intermediate  host.  Ross's  work  on  proteosoma,  one  of  the  malarial  parasites 
of  birds,  established  the  correctness  of  Hanson's  views  as  regards  the  hfe 
history  of  this  parasite ;  and  MacCallum's  observations  on  halteridium,  a 
malarial  parasite  of  crows  and  pigeons,  completed  the  history  of  the  extra- 
corporeal life  of  the  malarial  parasite.  The  complete  history  of  the  intra- 
corporeal  and  extra- corporeal  cycles  of  the  malarial  parasites  is  now,  according 
to  Manson,  somewhat  as  follows  : — "  The  youngest  parasites  occur  within 
the  red  corpuscles,  and  after  a  time  become  either  (a)  sporocytes  or  (b) 
gametocytes.  The  sporocytes,  when  mature,  divide  into  spores  which  escape 
into  the  liquor  sanguinis,  invade  fresh  corpuscles,  and  repeat  the  cycle.  In 
this  way  the  parasite  is  propagated  indefinitely  in  the  host.  The  gameto- 
cytes, which  in  some  species  assume  a  crescentic  form,  while  in  others  they 
resemble  the  mature  sporocytes,  continue  to  circulate  in  the  blood  for  a 
time,  or  until  they  are  transferred  to  the  stomach  of  a  particular  species  of 
mosquito.  When  so  transferred  they  escape  from  the  enclosing  red  blood- 
corpuscle,  and  can  then  be  recognised  as  being  of  two  forms,  hyaline  and 
granular.  The  hyaline,  or  male,  gametocyte  emits  a  number  of  micro- 
gametes  (flagella)  which  seek  out  the  granular  or  female  gametocyte."  The 
fertilised  female  gametocyte,  called  a  zygote,  acquires  locomotory  powers  and 
passes  into  the  interstices  of  the  muscular  layer  of  the  middle  intestine  of 
the  mosquito.  "  It  now  grows  rapidly,  acquires  a  capsule ;  the  protoplasm 
then  divides  into  a  number  of  zygotomeres,  which  become  blastophores, 
each  bearing  on  its  surface  a  large  number  of  zygotoblasts  or  sporozoites. 
Finally  the  capsule  of  the  zygote  bursts  and  the  sporozoites  escape  into  the 
body  cavity  of  the  mosquito.  They  are  then  taken  up  by  the  blood  of  the 
insect,  ultimately  becoming  lodged  in  the  cells  and  ducts  of  the  veneno- 
saHvary  gland,  whence  they  are  emitted  into  the  blood  of  a  vertebrate  when 
the  mosquito  next  proceeds  to  transtellation."  Bastianelli  and  Bignami  have 
shown  that  when  the  mosquito  "  Anopheles  claviger  "  is  allowed  to  slick  up 
human  blood  containing  tertian  parasites,  transparent  oval  bodies  appear 
after  forty  hours  in  the  mosquito's  mid-gut.  On  the  third  day  eight  ta 
fifteen  nuclei  are  seen  which  divide  and  increase  in  number,  and  ultimately 
become  converted  into  sporozoites,  which  are  gathered  together  in  groups- 
within  the  mother  parasite  or  zygote.  On  the  seventh  and  eighth  days  the- 
capsules  of  the  zygotes  burst  and  allow  the  sporozoites  to  escape,  whicli 
eventually  find  their  way  into  the  salivary  glands. 

Up  to  the  present  time  human  malarial  parasites  have  only  been  found 
in  species  of  mosquitos  belonging  to  the  genus  anopheles.  According  to 
Grassi  this  constitutes  the  whole  story,  and  man  cannot  contract  malaria 
without  being  bitten  by  the  mosquito.  He  also  states  that  a  mosquito- 
cannot  infect  a  mosquito;  shortly  his  theory  is  "no  man  no  malaria,  no 
mosquito  no  malaria."  Celli,  Grassi,  and  Ross  have  observed  that  anopheles 
live  in  clear,  slowly-running  or  stagnant  waters.  Ground  waters  that 
appear  at  the  surface  and  run  slowly  or  are  slowly  renewed  as  m  ponds- 
contain  the  best  food  for  the  larvee  of  anopheles.  In  sea-water  and  m 
saline  water  they  cannot  live.  Three  of  the  four  species  of  anophe  es  pas. 
much  of  their  time  within  or  near  human  habitations.  According  to  beiu 
simple  stirring  up  of  the  soil  in  malarious  places  cannot  cause  malaria;  sou 
is  only  capable  of  developing  malaria  in  so  far  as  it  may  become  a  resen  mr 
of  water.  Grassi  holds  the  same  opinion;  he  considers  tlmt  when  ma  a^^^^^^ 
is  developed  through  the  turning  up  of  fresh  soil,  it  is  due  to  ^^^ter 
collecting  in  the  holes  in  which  anopheles  breed,  followmg  on  the  arriva  o 
man  He  believes  that  there  are  no  perfectly  authenticated  cases  of  mala  u 
Tn  uninhabited  countries.  Manson,  however  appears  to  thmk  «iat  the 
malarial  germs  may  live  in  soil  probably  as  the  "black  spores  desciibed 
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by  Ross,  and  Avlien  the  earth  is  turned  over  these  spores  are  shaken  out  and 
perhaps  inhaled  during  the  digging  operations. 

Prevention.— The  evidence  with  regard  to  the  spread  of  malaria  by 
water  is  conflicting,  but  the  following  case  recorded  by  Boudin  is  hi^rhly 
suggestive  of  such  being  by  no  means  uncommon.     "In  this  case  ^120 
soldiers  embarked  in  the  transport  'Argo'  at  Bona  in  Algeria  for  Marseilles 
During  the  voyage  111  of  them,  thirteen  of  whom  died,  suffered  from 
different  forms  of  malarial  fever.    Two  other  vessels,  carrying  between 
them  680  soldiers,  also  from  Bona,  and  arriving  at  Marseilles  the  same  day 
as  the    Argo,   had  no  cases  of  iUness  at  all,  and  the  only  ascertainable 
difterence  of  circumstances  between  the  troops  in  these  ships  and  those  in 
the    Ai-go  was  the  difference  of  drinking  water.    The  latter  were  excep- 
tionally supphed  with  water,  which  was  said  to  have  an  unpleasant  smell 
aand  taste  from  a  marsh  near  Bona  :  those  on  the  other  ships  were  supplied 
Mwith  good  water.    Finally,  the  nine  soldiers  on  the  'Ar^o'  who  escaped 
were  said  to  have  purchased  wholesome  water  from  the  crew  of  that  vessel  " 
If  the  ingestion  is  by  water,  a  fresh  source  must  be  obtained  Well- 
water  is  generally  safe,  but  not  always.    Rain-water  may  be  unsafe  if 
;fche  tanks  are  not  clean.    If  a  fresh  source  cannot  be  obtained,  filtration 
land  boiling,  as  weH  as  infusion  witli  tea  or  coffee,  appear  to  be  the  best 
©reventive  measures. 

If  the  introduction  be  by  air,  and  if  the  locality  cannot  be  left,  the  most 
^pproved  plan  IS  elevation  to  at  least  500  feet  above  the  source  of  the  poison 
on  temperate  climates  ;  and  1000  to  1500  feet  in  the  tropics,  or  highef  stUl, 
ff  possible     li  this  plan  cannot  be  adopted,  two  points  must  be  aimed  at-^ 
nz._,  to  obviate  local,  and  to  avoid  drifting  malaria.     Thorough  subsoil 
rraining  ;  Wlmg  up  moist  ground  when  practicable ;  paving  or  coverin-  the 
m-ound  with  herbage  kept  closely  cut,  are  the  best  plans  for  the  first  point 
oor  the  second,  belts  of  trees,  even  walls  can  be  inteifposed ;  or  houses  cnn  be 
nbmltasnot  to  present  openings  towards  the  side  of  the  malarious  currents 
The  houses  themselves  should  be  raised  above  the  ground  on  arches  •  or' 
wooden,  on  piles.    Upper  floors  only  should  be  occupied     Tl  e  eailv 

^Cigh^ii    "  '""^  ^^^^^^^^  ^«  --d-^'  and!  neSt 

m^Sf^l         Grassi  attach  great  importance  to  the  destruction  of  the 
■^Ss  nrcZ    f  F-^l-^^^-tructionof  the  larv^  and  consequent  y  fo 
e  disinfection  of  waters  wliich  contain  them,  vegetable  powders  such 

^rS'^F^IhedS^'T^'r^^^^^  ^  clyes  ;etToleum 
Id       n.fl  the  des  ruction  of  mosquitos  inside  houses  dnneraria 

1  P^.^P^^'?*^°J^  ^^^^'^  ^«  I-rvecide  are  chiefly  used.    Either  of 

m  aboutlhrll  '""'^  ""^'^        ^g^i^-^d.     According  to 

a  roo^of  SO  '^r^'^ "  ^"^'^^  *°       an  the  mosquitos 

a  room  of  30  cubic  metres  capacity.    To  prevent  the  entry  of  mosquitos 

ithe  '''".f     '"^^  ^^^^"^^^      P^-«^id^d  with  /close  n  twork 

Se  wl  1  ^^""^^^         b«         for  beds.    For  those 

he  fn  .     7''^'  '""'Pf '  ^^''"^  of  doors,  turpentine  soap  ap  led 

.  nrevpnf  '^"^  ^'""^^     '"'^^^^y  licommended  ^  Th' s 

[•^prevents  mosquitos  biting  a  person  in  the  open  air  for  one  or  two 
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na  scarlatina.     In  tlie  present  day  it  is  well  establislied  througliout 
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Europe,  Asia,  America,  and  those  parts  of  Africa  of  which  we  have  any 
exact  information  :  in  all  these  parts  it  occurs  in  frequent  epidemics. 
Attempts  have  been  made  to  show  that  measles  assumes  an  epidemic  or  even 
pandemic  character  with  a  certain  amount  of  regularity,  almost  amounting 
to  a  definite  periodicity.  Without  going  so  far  as  to  accept  this  view 
entirely,  it  may  be  admitted  that  in  large  communities  the  disease  does  tend 
to  occur  epidemically  at  intervals  of  from  two  to  four  years,  disappearing 
between  these  epidemic  outbursts  more  completely  than  do  some  of  the 
other  exanthemata.  In  small  communities,  especially  in  rural  districts, 
these  intervals  are  not  only  less  regular  but  longer. 

Influence  of  Climate  and  Season. — The  practically  universal  distribution 
of  measles  throughout  the  world  indicates  that  its  occurrence  is  independent 
of  chmatic  influences :  at  the  same  time  the  influence  of  season  is  every- 
where observed.    In  temperate  climates,  of  530  epidemics  of  measles  in 
Europe  and  North  America  which  Hirsch  records,  339  occurred  in  the 
colder,  against  191  in  the  warmer  months.    And  the  same  thing  has  been 
observed  in  the  tropics.    In  this  country  the  efl"ect  of  season  upon  urban 
measles  has  been  studied  by  Buchan  and  Mitchell,  and  by  the  Registrar- 
General.    The  latter,  from  an  analysis  of  the  Aveekly  deaths  from  measles 
in  London  for  the  fifty  years  1841-90,  points  out  that  the  weekly  curve  of 
deaths  shows  a  double  maximum  and  minimum,  the  larger  maximum 
falling  in  November,  December,  and  January,  with  an  extreme  excess  of  50 
per  cent,  in  the  fourth  week  of  December,  and  the  smaUer  in  May  and  June, 
with  an  extreme  excess  of  25  per  cent,  in  the  first  Aveek  of  June.  The 
larger  minimum  falls  in  August,  September,  and  October,  extreme  deficit 
beino-  45  per  cent,  below  the  average  in  the  last  week  of  September ;  and 
the  smaUer  minimum  in  February  and  March,  the  extreme  deficit  being  30 
per  cent,  below  the  average  in  the  third  week  of  February.  Buchan 
and  MitcheU's  analysis  of  the  London  death-rates  for  the  thirty  years, 
1845  to  1874,  gives  very  similar  results.     These  facts  accord  with  the 
conclusions  arrived  at  by  both  BaUard  and  Moore  that  a  mean  atmospheric 
temperature  above  60°  F.  was  not  favourable  to  the  spread  of  this  disease,  and 
that  a  mean  temperature  below  42°  F.  was  equally  inimical  to  its  preva  ence. 

Influence  of  Race,  Sex,  and  Age.— Neither  as  to  liability  to  attack  nor 
to  mortality  does  racial  difl-erence  appear  to  have  any  eff-ect.  Similarly  sex 
and  atre  appear  to  be  without  direct  influence  upon  habihty  to  attack,  but 
have  s°ome'influence  upon  mortality.  On  the  whole,  the  mortality  is  greater 
among  males  than  females,  especially  among  children  under  two  years 
ase  About  98  per  cent,  of  all  deaths  occur  among  children  under  ten  year» 
of  acre  90  per  cent,  among  those  under  five,  75  per  cent,  among  those  under 
three, 'and  60  per  cent,  among  those  under  two  (Sq"i^-'^).-tl^«  J^^^™^, 
mortality  as  well  as  the  maximum  rate  of  mortality  bemg  m  the  seconrt 

of  life 

^^"^  Mortality. —Of  late  years  the  mortality  from  this  disease  has  shown 
a  tendency  to  decrease.  '  The  following  figures  show  the  facts  as  given 
by  the  Registrar-General  in  his  various  reports  for  the  last  five  years. 


Year. 

England  and  Wales. 

1894 

391 

189.5 

378 

1896 

572 

1897 

409 

1898 

421 

London. 


760 
600 
820 
430 
680 


Thirty-three  Tow  ns. 


630 
530 
710 
650 
560 


MUMPS. 
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The  case  mortality  of  measles  is  capable  of  varying  within  very  wide 
limits,  ranging  from  as  little  as  2  per  cent,  in  some  outbreaks  to  40  or  50 
per  cent,  in  others.    In  this  connection  possibly  there  are  two  causes  at 
work,  namely,  extra  intensity  of  infection  and  unfavourable  surroiindings, 
such  as  overcrowding,  poverty,  and  fatigue.    In  an  epidemic  in  Fiji  in  1874 
all  these  conditions  were  operative,  together  with  a  probable  maximum 
susceptibility,  with  the  result  that  the  mortality  was  enormous.  The. 
marked  influence  of  insanitary  and  other  unfavourable  surroundings  upon 
measles  mortality  is  well  shown  in  military  experiences.    "In  Paris  during 
the  siege  (January  1871),  out  of  215  of  the  Garde  Mobile  who  took  measles,' 
^6,  or  40  per  cent.,  died;  and  the  mortality  reached  very  nearly  the  same 
figure  among  the  French  troops  who  returned  to  Paris  after  the  Italian 
War,  40^  out  of  125  cases  dying  in  one  hospital  whose  sanitary  condition. 
was  bad."    Even  in  this  country  the  case  mortality  is  always  higher  amono- 
rhe  very  poor,  and  in  overcrowded  districts.  ° 
Etiology  and  Infectiveness.— Arguing  from  analogy  we  may  assume  that 
[he  vn-us  of  measles  is  a  specific  micro-organism,  and  such  has  been  recently 
demonstrated  in  the  blood  by  Czajkowski.    The  infection  is  held  to  be  given 
.ff  by  the  breath  and  mucus,  possibly  also  by  desquamating  cuticle,  though 
lus  IS  less  certam.    The  poison  undoubtedly  is  capable  of  being  air-borne 
ind  tends  to  cKng  to  fomites  and  to  hang  about  ill-ventQated  rooms.  There 
s  no  evidence  of  its  being  conveyed  by  either  water,  milk,  or  food.  Infection 
ls  probably  always  acquired  by  inhalation. 

The  incubation  period  varies  from  eight  to  twenty  days,  the  usual  Hmit 
being  about  eleven  days.    The  infective  period,  or  that  during  which  the 
patient  is  capable  of  infecting  others,  begins  with  the  earliest  symptoms  It 
!  IS  probably  greatest  during  the  pre-eruptive  stage,  and  while  the  catarrh 
,        ''^yf  Pi'esent ;  there  is  reason,  however,  to  think  that  it  extends  through- 
out  the  ilhiess,  and  even  to  some  extent  during  convalescence.     As  a 
.  general  rule,  it  may  be  laid  down  that  infcctivity  is  usually  over  by  the  end 
'  of  the  fourth  week,  provided  aU  cough  and  desquamation  have  ceased, 
une  attack  of  measles  usually  confers  a  lasting  protection  against  future 
1  attacks ;  but  second  attacks  sometimes  do  occur. 

nrv,  This  involves  isolation  of  the  sick,  and  arrest  of  contagious- 

n matter  by  inunction  with  carbolised  vaseline  or  glycerine;  antiseptic  inhala- 
'  .nTf^  ^'^i      ""^^^  ^^"^  '"P^^S  the  eyes  and  nose  should  be  employed, 

and  afterwards  burnt.    Clothing,  liedding,  and  rooms  should  be  dismfected. 

iirlvo   rrf^  Ibompson  in  his  special  report  on  the  control  of  measles 

aavocated  the  following  preventive  measures  :-(l)  compulsory  notification 
>.acco,npanied  by  prompt  and  systematic  visitation;  (2)  isolation  and  dis- 

.nT  r^-i?^  complete  information  to  be  afforded  by  the  sanitary  authorities, 
•  and  all  children  from  an  infected  house  to  be  rigidly  excluded  from  school 

mLZJ     ""T  ?   ^""^  exceptional  prevalence,  general  closure  of  public,' 
leiementary,  .'Sunday,  and  private  schools. 


MUMPS. 

it  iJnrnbShl'"''''  h'-^^'.'-^t. times,  all  the  characters  of  an  epidemic  disease,  but 
'Hiontt   henittl''  "P^'^^'^'^^'^y  «Pring  and  autumn 

bthe  vei  v  louZ  l^T  °^  Y  ^^'^  S''^*^''*^  registered  mortality  is  among 
l»thougl7irinst1'tnfJ^.  ?''^iT.'         frequently  attacked  than  females. 

Ml  HI  nistitutions  and  schools  the  disease  has  been  known  to  affect  over 
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^  T^S:^^       tt^btful.  is  no  evidence  t  suggest 

Ty  conuec^^^^  between  mumps  and  any  particular  condj  ions  of  o  1 
^P^evention  depends  upon  ordinary  measures  of  isolation  and  hygiene. 


PLACxUE. 


t;.o  v^Priiflpcioence  in  1894  of  tlie  bubonic  plague  in  Canton  and  Hong- 

m  Persia,  India,  unma,  o^nd,  ^ix  n^^r^^r.-..^   ^ud  Europe  generally. 

North  Africa,  Italy,  France,  England  (.e  m^^^^^  ^he  ihofe  historV 
Since  1841  the  disease  has  been  ^^^k^^^^^  "J  fn  Tce.  where  it  has  been 
of  the  disease  indicates  Its  t^^^^^^^^^^^  ,,,,,,  ^ 

once  prevalent,  and  to  be  carriea  oy  u  ^  devious  manifestations 

•consideration  of  the  events  m  ^'"^^^"^^^^^^        ';^3P';Sd  districts  from 
enables  one  to  trace  its  carriage  m  every  case  to^he  ^ttec^^^^^ 
.one  or  two  places  where  it  is  or  ha   ^e^^ ^iden  u^^^^  tn 
being  mainly  the  Euphrates  Valley  ^^J^^outiiern^^^^^^^^  U     .^^^  ^^^^ 

.confined  to  the  northern  l^^^f  ^P^^^^'^i^f  "^'^^^^^^^^^^  New  World  at 

40°  north  of  the  equator,  and  never  to  have  anism, 
.all.    The  disease  is  a  specific  disease,  caused  by  a  ^P^"*!^  P^f^^^ 

which  has  a  variable  length  of  hfe  XtXe^iced  by  tSese  conditions. 

finds  itself,  and  a  varymg  ^^^-^^l^;^.^^^' ^^^^^^^^  and  the  pulmonary 

The  disease  occurs  m  several  forms,  but  the  J™       „  ,p  of 

.appear  to  be  most  common.    In  the  ^^^^'^lll'l^^^^ 
glands,  either  the  auxihary  or  J^S^^^^l'/^^^^^^^  is  intense  inflam- 

Sroups  -y  l^ecomeir^^^^^^^^^^^^^  a  by 

matory  swelling  of  the  S^'^"^^"' f '^'r^^^  ,,,ith  these  changes  there  is 
necrosis  ;  true  suppuration  is  rare.  J^^^^^^^^^^^^^  kidnej  s  and  liver, 

great  swelling  of  the  spleen  ^^f/^^^f  ;^^^Xd  <' 1^^^^^  pneuinonia"  of  a 
In  the  pulmonary  form  t^^^;-^  ^^^^ '^^'i,,'"-"^^^^^^^  there  may  be 

hroncho-pneumonic  type,  '^t^^^^f.^  "^^^^ J^L.^u  ^  found  in  enormous 
little  or  no  cough  or  -P^  ^^^^^^^^^  form.    In  man 

numbers  in  the  buboes  and  i^^^^s,  the  maximum  period 

the  incubation  is  usually  ^^^^^^^^^  ^^^J'^^Jl^^X^  incubation  which  have 
appears  to  be  ten  days.    Several  ca  e  of^  F^^^^^^  ^l^^hes  or 

been  reported  seem  to  be  due  to  1^*^°^'' either  the  skin  or 
fomites^for  many  ^Y^;^^^^  ^  a  lo^g^^^^^^^^^^^        body,  plagx- 
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chief  means  of  propagation  of  the  disease.  The  introduction  of  rats  suffering 
from  plague  into  a  healthy  place  appears  to  be  followed  by  epidemic  cases- 
in  human  beings.  The  spread  of  plague  in  a  town  often  follows  the  lines 
of  migration  of  rats.  Simond  believes  the  virus  is  transferred  from  rats  to 
man  by  means  of  fleas ;  but  Nuttall's  experiments  with  bugs  and  fleas  gave 
negative  results.  These  insects  were  allowed  to  bite  animals  dying  of  plague 
and  then  transferred  to  healthy  animals,  but  not  a  single  case  of  infection 
occurred.  Bugs,  however,  may  serve  as  passive  carriers  of  infection,  for 
plague  bacilli  appear  to  remain  alive  and  virulent  in  the  bodies  of  these 
insects  for  tAventy-four  hours,  and  if  they  are  crushed  and  the  skin  be  then 
scratched  by  nails  soiled  with  the  blood,  infection  may  occur. 

Bandicoots  and  mice  also  suffer  from  plague,  but  they  play  a  very  much 
less  important  role  than  rats  in  spreading  the  disease. 

The  disease  is  intensely  contagious,  selecting  usually  the  poorest  classes 
as  its  victims,  or  those  living  under  circumstances  of  overcrowding  and 
without  adequate  ventilation,  or  a  proper  food  supply.  It  is  inoculable 
on  certain  mammals,  producing  in  them  a  disease  similar  to  that  seen  in 
human  beings,  and  possibly  may  be  communicable  by  animals  to  man :  it 
becomes  epidemic  at  times,  and  is  readily  communicated  by  person  to 
person,  under  insanitary  and  squalid  surroundings,  stimulated  apparently 
by  unfavourable  meteorological  conditions,  such  as  prolonged  drought,  &c. 

Kitasato  and  Yersin  have  demonstrated  an  organism  in  25  out  of  30  cases- 
of  the  disease  in  the  blood,  spleen,  and  buboes  of  those  affected.  This 
organism  is  a  small  oval  rod,  shorter  than  the  typhoid  bacillus.  It  has 
rounded  ends  and  shows  "pole-staining."  In  the  tissues  the  bacilli  are 
found  scattered  amongst  the  cells,  for  the  most  part  lying  singly ;  but  in 
cultures  they  have  a  tendency  to  groAV  into  chains,  strepto-bacilli  resulting. 
Sometimes  in  the  tissues  they  are  surrounded  by  an  unstained  capsule. 
They  grow  well  on  the  ordinary  media.  On  agar  the  colonies  are  circular,, 
somewhat  transparent  discs,  with  a  wavy  outline.  "When  the  surface  of  the 
agar  is  dry,  round,  oval,  and  pyriform  involution  forms  appear,  which  are 
often  many  times  the  size  of  the  parent  bacillus. 

In  broth  kept  absolutely  at  rest  flakes  form  at  the  surface  from  which 
stalactitic  growths  extend  downwards.  The  involution  forms  and  the 
stalactites  are  important  in  regard  to  the  diagnosis  of  the  organism.  It  does 
not  form  spores  and  is  readily  killed  by  heat ;  it  resists  drying  for  four 
days,  but  exposure  to  sunlight  destroys  it  in  three  or  four  hours. 

Prevention  depends  upon  notification  of  the  disease,  isolation  of  the 
sick,  thorough  disinfection  of  the  clothing,  personal  effects,  and  houses- 
of  mfected  people,  and  avoidance  of  overcrowding.  Houses  in  Avhicli 
dead  rats  are  found  should  be  disinfected.  Also  inoculation  of  healthy 
persons  exposed  to  infection  should  be  resorted  to  as  a  prophylactic 
measure.  Every  precaution  ought  to  be  taken  to  prevent  the  entry  of 
rats  into  cook-houses,  cellars,  granaries,  &c.  No  dead  rat  ought  to  be 
moved  until  it  has  been  douched  with  some  solution  capable  of  killin"- 
the  parasites  on  the  skin. 

PI  ^■'^Sartl  to  the  danger  of  spreading  plague  by  sea,  the  Indian 

plague  Commission  considered  that  there  was  little  danger  from  rats  on 
Board  ship,  and  that  the  suggestion  to  fumigate  the  holds  of  ships  so  as  to^ 
aestroy  rats  was  both  unnecessary  and  impracticable.  Fumigation  would 
nave  to  be  done  before  the  cargo  was  put  in  the  hold,  since  it  would  be 
impossible  to  fumigate  the  hold  afterwards.  Articles  of  merchandise  were 
no?f  •''^  mAi\,dY  to  be  the  means  of  conveying  plague  from  port  to 

wWl.  f 'i^/nc'il^fion  of  plague  is  usually  less  than  ten  days,  and  if  cases 
wnicn  develop  on  board  ship  are  at  once  isolated  and  the  usual  precautions 
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taken,  it  is  extremely  unlikely  that  plague  will  be  carried  into  Europe  by 
persons  who  have  developed  plague  on  the  voyage  from  India.  There  is, 
however,  always  a  possibility  of  plague  being  introduced  by  infected  clothing, 
consequently  it  is  of  the  greatest  importance  to  systematically  disinfect  the 
bedding  and  clothes  of  crews  and  lower  classes  of  passengers  coming  from 
an  infected  port.  Eags  appear  to  be  the  only  articles  of  merchandise  which 
are  likely  to  spread  plague ;  and  as  it  is  an  extremely  difficult  matter  to 
disinfect  them  effectively  when  they  are  compressed  into  bales,  the  ex- 
portation of  rags  from  an  infected  district  should  be  forbidden.  The 
prevention  of  plague  in  India  is  encompassed  by  many  difficulties.  It  is 
almost  impossible  to  obtain  notification  of  plague  cases,  consequently  there 
will  be  always  foci  of  disease  in  the  large  cities.  Systematic  corpse  m- 
spection  has  been  suggested  as  a  useful  measure  where  notification  fads, 
but  the  practical  difficulties  in  carrying  it  out  are  ahnost  insuperable. 
Cordons,  segregation  camps  for  the  healthy,  and  railway  inspections  have 
all  failed  to  give  results  at  all  commensurate  with  the  expense  involved  in 
carrying  them  out.  Eeliance  must  be  placed  on  the  measures  which  are 
adopted  in  Europe,  with  the  hope  that  the  natives  of  India  will  soon  reabse 
their  value  and  learn  to  apply  them  for  themseves. 

Preventive  Inoculation.— The  system  elaborated  by  Haflfkme  has  been 
carried  out  extensively  in  India.  The  vaccine  is  a  culture  of  the  plague 
bacillus  in  broth  killed  by  exposure  to  70°  C.  for  one  hour.  About  3  c.cs. 
of  the  mixture  of  toxins  and  dead  bacilli  are  used  for  each  inoculation. 
As  a  result  of  the  inoculation  there  appears  to  be  a  diminution  m  the  attack- 
rates  and  death-rates  in  the  inoculated,  as  compared  with  the  uninoculated. 

The  Indian  Plague  Commission  obtained  no  evidence  agamst  the 
protective  effect  of  the  inoculation.  Some  of  the  statistical  results  which 
appear  specially  worthy  of  attention  are  given  in  the  following  table  :— 


Place. 


Inoculated  or 
Uninoculated. 


Byculla 

Gaol,  .  . 
Umarkhadi 

Gaol,  .  . 

Undhera,  . 
Bulsar, .  . 
Kirki,  .  . 
Hubli,  .  . 

Gadag, .  . 

Troops  at 
Bangalore, 


/  Uninoculated, 
\  Inoculated, 
(  Uninoculated, 
\  Inoculated, 
/  Uninoculated, 
1  Inoculated, 
/  Uninoculated, 
\  Inoculated, 
/  Uninoculated, 
\  Inoculated, 
I  Uninoculated, 
Inoculated, 
Uninoculated, 
t  Inoculated, 
j  Uninoculated, 
\  Inoculated, 


Population. 


Attacks  per 

1000  of 
Population. 


172 
152 
203 
199 
437 
.513 
62 
1,018 
812 
75,5 
20,22,5 
22,967 
8,687 
9,396 
2,454 
446 


40 
6 
44 
15 
64 
15 
145 
182 
103 
24 


27 
15 
17 
11 


Deaths  per 

1000  of 
Population. 


11 

25 

59 
6 

113 
30 
58 
12 
48 

5 
23 

6 
15 


Diminution  of 
Mortality 

among 
Inoculated 
(Hatfkine). 


100 
100 
89-8 
73-4 
79-3 
89 -(5 
73  9 
53'3 


Katio  of 
Plague  deaths 

among  the 
Uninoculated 

to  Plague 
deaths  among: 
an  equal 
number  of 
Inoculated. 


10  to  1. 

3-  7  to  1. 

4-  8  to  1. 
9-6  tol. 
3-8  to  1. 
2  1  to  1. 


Inoculation,  however,  does  not  appear  to  convey  any  ''f'^'^J^S^''^l 
immunity  within  the  first  few  days  after  the  inoculation  has  been  1  erfo^ued. 
tT  duration  of  protection  also  is  not  yet  known-it  certainly  lasts  for  a 
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considerable  number  of  weeks.  The  Indian  Plague  Commission  recommends 
tliat  inoculation  should  be  encouraged  wherever  possible,  and  especially 
among  disinfecting  staffs  and  the  attendants  of  plague  hospitals. 


PNEUMONIA. 


Under  this  heading  we  refer  to  an  infectious  and  not  infrequently 
epidemic  form  of  pneumonia,  indifferently  spoken  of  as  "epidemic 
pneumonia,"  "croupous  or  fibrinous  pneumonia,"  "pneumonic  fever,"  and 
"acute  lobar  pneumonia,"  occurring  as  a  so-called  idiopathic  affection. 
Epidemics  of  this  malady  have  been  described  in  considerable  numbers  in 
England  and  various  other  parts  of  Europe  during  the  last  two  centuries ; 
the  most  recent  epidemics  of  importance  being  those  recorded  for  India 
(Punjab)  in  1875  and  1882,  and  for  this  country  those  occurring  at  Middles- 
brough in  1888,  and  at  Scotter  in  Lincolnshire  in  1890.  To  these  might 
be  added  many  instances  on  record  of  outbreaks  of  pneumonia  which,  while 
remaining  limited  to  a  single  household  or  small  circle,  presented  facts 
strongly  suggestive  of  specific  infection. 

Influence  of  Climate  and  Season. — Assuming  that  pneumonia,  even  in 
its  narrowest  acceptation  of  fibrinous  or  so-called  croupous  pneumonia,  is  an 
anatomical  term  that  includes  several  inflammatory  processes  difi'ering  from 
one  another  in  their  etiology,  the  curious  prevalence  of  the  malady  in  both 
cold  and  hot  countries  indicates  that  climate  alone  has  not  much  influence 
upon  its  prevalence.  This,  however,  is  not  the  case  in  respect  of  season. 
Statistics  everywhere  show  that  more  persons  are  attacked  in  the  winter 
and  spring  than  in  the  summer  and  autumn.  Seitz's  large  statistics  of  5905 
cases  in  Munich  give  32  per  cent,  in  winter,  36-8  per  cent,  in  spring,  15-3 
per  cent,  in  summer,  and  15*7  per  cent,  in  autumn.  So  also  Hirsch,  in  an 
analysis  of  a  large  number  of  cases  in  various  places,  states  that  29  per  cent, 
^vere  attacked  in  Avinter,  34-7  per  cent,  in  spring,  18  per  cent,  in  summer, 
and  18-3  per  cent,  in  autumn.  The  seasonal  curve  of  epidemic  prevalence 
coincides  very  closely  with  that  of  sporadic  pneumonia  mortality,  which  has 
its  maximum  in  December,  and  is  high  from  November  to  April.  From 
these  facts,  it  is  evident  that  the  prevalence  of  pneumonia — epidemic  or 
otherwise — is  associated  with  the  colder  months,  and  a  closer  analysis  shows 
that  in  every  climate  the  greatest  prevalence  of  pneumonia  occurs  at  the 
season  of  the  most  rapid  and  sudden  changes  of  temperature,  be  it  winter  or 
spring,  and  in  some  measure  varies  with  the  intensity  of  changes  of  tem- 
perature. Nothing  conclusive  has  been  established  as  regards  the  influence 
of  rainfall  or  soil  conditions  upon  pneumonia,  though  it  has  been  asserted 
that  absence  of  rain  and  a  low  level  of  the  ground  water  are  favourable 
conditions. 

Influence  of  Race,  Sex,  and  Age.— No  race  can  be  said  to  be  exempt, 
but  many  coloured  races  are  especially  susceptible  to  it.  Longstaff,  who 
has  critically  analysed  the  deaths  from  pneumonia,  extending  over  some 
years,  states  that,  as  regards  sex,  the  mortality  is  greater  for  males  than 
females  at  all  ages  in  the  proportion  of  three  to  two.  "  The  disparity  is 
most  marked  at  ages  35  to  65,  when  males  suffer  more  than  females,  in  the 
proportion  of  two  to  one."  According  to  Wilson  Pox  and  Huss's  statistics, 
the  fatality  among  the  two  sexes,  given  an  equal  number  of  attacks  for 
eacli  IS  males  ten,  females  fourteen;  or  in  other  words,  that  although  the 
liabihty  to  attack  is  much  greater  in  males,  the  liability  to  deatli  if  attacked 
18  greater  in  females. 
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With  respect  to  age,  "  the  recorded  mortality  is  liighest  at  the  extremes 
of  life,  being  about  three  times  as  great  in  the  first  year  of  life  as  in  old 
age."  The  minimum  mortality  is  in  the  thirteenth  year,  after  which  it 
steadily  rises  throughout  the  remainder  of  life.  The  case  mortality  is 
actually  greatest  in  advanced  life.  Of  the  general  fatality  of  pneumonia  at 
all  ages  together  it  is  difficult  to  quote  exact  figures,  as  this  varies  in 
difi"erent  times  and  places.  A  general  average  puts  it  at  about  10  per  cent., 
but  it  has  been  as  low  as  5  per  cent.  A  widespread  and  fatal  epidemic  of 
pneumonia  occurred  at  Middlesbrough  in  1888,  and  Avas  investigated  by 
Ballard.  Out  of  1633  cases  in  a  population  of  97,000,  369  ended  fatally, 
the  case  mortality  being  21  per  cent.  The  poorer  classes  suffered  more  than 
the  wealthy,  and  cases  were  exceptionally  severe  and  numerous  in  the  work- 
house, Avhere  grave  sanitary  defects  existed.  The  workhouse  children 
suffered  six  times,  but  adults  only  one  and  a  half  times  as  much  as  the 
corresponding  classes  outside.  Exposure  and  fatigue  seem  to  have  acted  as 
predisposing  causes,  and  many  apparent  instances  were  recorded  of  direct 
infection  from  contact  with  a  sick  person. 

Etiology.— Of  all  factors,  cold  or  chill  has  been  thought  to  be  one  of  the 
most  important,  and  for  years  was  regarded  as  the  efficient  cause  of  thi.'^ 
disease.  Undoubtedly  pneumonia  does  follow  promptly,  sometimes,  a 
sudden  chilling  or  wetting,  but  in  a  large  majority  of  cases  no  such  history 
can  be  obtained.  Exposure  to  extreme  cold  or  sudden  changes  of  tempera- 
ture may  increase  the  activity  of  infection  or  the  susceptibility  of  the 
individual,  but  nothing  more.  "  All  depressing  conditions,  such  as  anxiety, 
fatigue,  poverty,  and  debility,  predispose  to  pneumonia.  Insanitary  condi- 
tions, especially  filth,  overcrowding,  and  want  of  ventilation,  act  apparently 
as  powerful,  though  not  indispensable,  predisposing  causes.  Effluvia  from 
drains,  sewers,  and  graveyards  have  also  been  held  responsible  for  outbreaks. 
It  is  not  unusual  to  find  repeated  outbreaks  occurring  in  the  same  buildings, 
especially  casemate  barracks  and  prisons.  •    ,  i 

The  pneumococcus  of  Friinkel  is  the  most  constant  organism  m  lobar 
pneumonia,  and  is  now  generally  regarded  as  being  the  specific  agent  of 
the  disease.  It  is  identical  with  the  micrococcus  which  Pasteur  and  btern- 
bercr  found  in  the  saliva  of  certain  individuals,  and  which  produces  septi- 
cemia in  the  rabbit.  It  occurs  occasionally  in  the  nose,  the  larj-nx,  and 
the  Eustachian  tube.  According  to  better's  observations,  it  is  present  in 
the  buccal  secretion  in  20  per  cent,  of  healthy  persons.  It  persists  lor 
months  or  even  years  in  the  saliva  of  persons  Avho  have  had  pneumonia 
The  researches  of  Frankel,  Weichselbaum,  Gamaleia,  and  others  show  that 
it  is  by  far  the  most  constant  organism  in  pneumonia,  and  that  it  occurs  in 
the  secondary  processes  of  the  disease,  such  as  pleurisy,  endocarditis, 
pericarditis,  and  meningitis.  In  the  sputum  it  may  be  demonstrated  by 
treating  the  ordinary  cover-glass  preparations  with  glacial  acetic  acid,  and 
then,  without  washing  off  the  acid,  dropping  on  anihne  oil  and  gentian-violet, 
which  is  to  be  poured  off  and  renewed  two  or  three  times.  Tlie  organism, 
is  seen  to  be  a  somewhat  elliptical  lance-shaped  coccus  occurring^  m  pairs, 
hence  the  term  diplococcus  by  which  it  is  sometimes  known.    It  is  usuauy 

^""^  According  to  the  modern  view,  pneumonia  is  an  infective  disease  caused 
by  this  diplococcus,  which  has  its  seat  of  election  in,  and  produces  its  chiet 
effects  on  the  king,  and  which  can,  under  favouring  circumstances,  invade, 
other  parts  of  the  body.  It  is  a  widespread  organism,  at  times  present  aa 
before  stated,  in  the  buccal  secretions  of  healthy  persons.  l^  ^  J^^^ 
improbable  that  the  various  predisposing  causes,  such  as  cold,  exhaustion, 


PNEUMONIA. 


681 


lud  debility,  lower  the  vitality  and  render  the  individual  susceiDtible,  thus 
hanging  the  character  of  the  tissue-soil  so  that  the  virus  can  grow  and 
n'oduce  its  specific  effects. 

Several  varieties  of  the  pneumococcus  have  been  described,  differing  from 
'lie  another  in  the  symptoms  they  produce  in  animals.  These  varieties 
liffer  from  one  another  only  in  virulence,  and  by  suitable  means  can  be 
onverted  into  one  type.  It  is  important,  however,  to  bear  in  mind  that 
he  pneumococcus  in  the  human  subject  varies  enormously  in  virulence; 
his  fact  partially  explains  the  degrees  of  severity  of  the  symptoms  in 
different  cases. 

Our  knowledge  of  the  toxins  of  the  pneumococcus  is  still  very  defective. 
In  artificial  cultivations  only  feeble  toxins  are  produced,  and  it  is  thus 
.difficult  to  study  their  action  carefully.  There  is,  however,  sufficient 
e  evidence  to  show  that  the  toxins  iDroduce  similar  constitutional  symptoms 
•to  those  caused  by  infection  with  the  pneumococcus. 

The  fact  that  the  pneumococcus  is  found  in  many  diverse  conditions  has 
been  urged  by  some  as  an  argument  against  the  view  that  it  is  the  cause  of 
[pneumonia.  We  are  unable  to  accept  this  argument,  as  it  is  a  general  law 
•an  pathology  that  the  same  micro-organism  may  produce  a  different  train  of 
■symptoms  according  to  the  part  attacked.  The  tubercle  bacillus  causes  a 
^idjifei-ent  type  of  disease  when  it  attacks  the  joints,  lungs,  brain,  or  peritoneum. 
\\S  e  are  just  as  much  justified  in  speaking  of  a  pneumococcal  otitis  or  a 
ppueumococcal  pleurisy  as  we  are  of  speaking  of  a  tuberculous  otitis  or  a 
tituberculous  pleurisy. 

As  Washburn  has  pointed  out,  although  the  pneumococcus  is  the  cause 
of  croupous  pneumonia,  yet  for  the  disease  to  develop  there  must  be  other 
factors  than  the  mere  presence  of  the  micro-organism.  "There  must  be 
^some  precHsposing  cause,  for  the  pneumococcus  is  widely  distributed,  and  is 
'Often  present  in  the  mouths  of  healthy  persons  without  producing  any  ill 
tettects.  Under  ordinary  circumstances,  the  protective  mechanism  of  the 
>.body  prevents  invasion;  but  should  the  cocci  be  introduced  in  very  lar<Te 
mumbers,  or  should  the  natural  resistance  of  the  body  be  lowered,  invasion 
'Occurs  and  the  disease  develops.  In  many  cases  both  these  factors  operate 
Ihe  introduction  of  a  large  number  of  germs  perhaps  determines  the  seasonal 
'iprevalence  of  the  disease." 

.  fT,  "  i°  P^^*^^isposing  causes,  influenza  is  the  one  best  known.  The 
ilrlF^T^'"^^  ^^""f  pneumonia,  such  as  cold  and  fatigue,  are  not 
.^apable  of  direct  proof.  Experimental  evidence  tells  us  that  exposure  to 
•oom  and  fatigue  renders  animals  susceptible  to  bacterial  infections  which 

n  the  normal  condition  they  were  able  to  resist.  It  is  interesting  to  note 
-I  f}'  <r°"^^^t^o"  the  growth  of  the  pneumococcus  outside  the  body  is 
;Wly  influenced  by  very  slight  changes  in  the  composition  of  the  medium. 
'Zl^  «  -T  suppose  that  slight  changes  in  the  composition  of  the 

•opp      I  I  favourable  or  unfavourable  to  the  growth  of  the 

'^occus  ;  but  this  analogy  must  not  be  strained,  for  it  would  be  incorrect  to 
^-ompare  too  closely  the  conditions  within  the  body  with  those  occurrino-  in 
«e8t-tube  experiments."  ° 

3alkr.i*nn  wlf epidemic,  above  alluded  to,  and  investigated  by 

Imed  «L  ;r'''''  ^^^-g^  ^^^mbers  of  a  short  bacillus,  which  he 

■ions  of  h    T  i'T'"""^"'-    I^^«^"l^tiou  of  human  lung-juice  or  of  oultiva- 
.onstant  1.  '  ^'^''}\}'}^^  n^ice  caused  an  acute  disease,  the  chief  and 
laice  imn  TT  M   ""^'''^        pneumonia;  further  inoculations  from  such 
imparted  the  same  disease  to  other  mice.    Samples  of  bacon  were 
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purchased  in  the  infected  districts,  and  it  Avas  found  that  of  mice  fed  upon 
this  bacon  a  large  proportion  became  ill,  with  the  s^ame  Wtoms  as  those 
detailed     The  BacUlus  pneumonia}  was  recoverable  by  cultivation  from  tlien 
tissues  and  by  inoculation  the  disease  could  be  transferred  to  other  mice 
wTetL  the\^^     had  or  had  not  become  infected  by  human  cases  of 
pneumonia  is  not  clear,  but  it  may  be  suspected  that  the  disease  was  capable 
of  bdng  spread  by  me^ns  of  infected  food.    It  may  be  added  here  tlm  m 
two  oufof  five  cases  of  croupous  pneumonia  following  after  influenza  Klein 
has  found  the  same  bacillus  in  large  numbers,  almost  m  pure  culture,  its 
cultural  characters  and  its  pathogenic  action  on  mice  being  the  same  as  m 
the  Middlesbrough  cases.    It  is  probable  that  these  Middlesbrough  cases 
were  exceptionaf forms  of  pneumonia,  and  possibly  not  unconnected  with 
influenza  though  how  exactly  so  connected  it  is,  at  present,  impossible  to  saj . 

TDnluhati^  period  of  pneumonia  appears  to  be  short,  f-<l"ent  y  being 
about  from  five  to  seven  days.    Both  the  breath  and  sputa  may  be  assumed 

*°  ^lrevention.-On  the  supposition  that  pneumonia  is,  or  may  be,  infective 
the  sputa  should  be  received  into  vessels  containing  some  disinfectant 
SodedCto-chiefs  should  be  well  boiled  before  -f-f-^.^are  should 
be  taken  to  avoid  chills  and  exposure  to  extremes  of  heat  and  cold  AU 
dweUing  r^oms  should  be  scrupulously  well  ventilated  and  care  taken  to 
see  that  sewer  air  does  not  gain  access  to  the  habitation. 


PUERPERAL  EEA^ER. 


Tn  1898  Duerperal  fever  was  returned  as  the  cause  of  death  hi  1707 
i  JL\  aiXXr  accidents  of  childbirtti  in  ^^'^^^^X^^ 
these  deaths  were  in  the  proportion  of  4-41  P;YOO\lm^^^^^^  6  5  5  36, 
years  immediately  preceding,  the  proportions  per  1000  had  been  b  01,  oo, 

'■''TheTate' in  ^893  was  higher  than  that  in  any  previous  year  since  1896 
?    re  s  evidence  to  show  that  the  infection  of  V^^^T^^^^ 
from  various  septic  and  ^^^0^^-^^^^^^^^^^ 

have  the  inUuences  oi  uiiuo  whose  wards  have  been 

W tlW  by  a  'marked  diminution  ^^^^^^^  feV.^ 
Puerperal  fever  shows  similar  annual  ^''Y^'^^'^.l^^^^^^  This  does 

and  erysipelas,  not  only  in  this  countij  but  also  on  the  Co 
not  necessarily  or  probably  mean  iden  ity  of  v  us   b^^*  f^^.,,  js 

the  view  that  want  of  .-ti-ptic  ca.e  abn^^^  ^^^^^  ^ 
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iiess.    The  years  of  excessive  puerperal  fever  prevalence  are  generally  years 
'  'f  small  rainfall,  and  marked  by  low  levels  of  the  ground  water ;  and  the 
i  xplanation  of  its  epidemic  jjrevalence  probably  lies  in  the  favouring  influ- 
nce  of  a  dry  and  warm  subsoil  on  its  specific  contagium.    From  this  point 
f  view,  puerperal  fever  is  essentially  a  soil  disease,  having  close  relationships 
with  erysipelas  and  other  septicsemic  diseases.    Whether  its  contagium  is 
alternately  parasitic  and  saprophytic,  or  each  case  implies  a  fresh  infection 
*  rom  the  soil,  is  doubtful ;  but  in  any  case,  as  based  upon  analogy  with 
me  other  diseases,  the  belief  is  gaining  ground  that  puerperal  fever  has 
wider  etiological  relations  than  has  been  hitherto  generally  recognised. 


RELAPSING  FEVER. 

Under  the  names  of  "  famine  fever  "  or  "  bilious  typhoid  "  this  disease  was 
tirst  clearly  recognised  in  1739  in  Ireland,  where  it  still  may  be  said  to  have 
us  principal  focus,  at  least  so  far  as  the  United  Kingdom  is  concerned. 
Epidemics  of  this  affection  have  not  been  infrequent  in  Scotland,  and 
have  also  occurred  in  England,  Northern  Europe,  the  Levant,  India,  and 
-ewhere. 

Relapsing  fever  appears  to  be  entirely  independent  of  soil  and  largely  so 
f  season  or  climate.    It  occurs  remarkably  often  in  connection  with  typhus 
fever,  and  is  apparently  closely  related  to  it  in  etiology,  as  the  two  diseases 
frequently  coincide,  or  one  follows  the  other  closely,  or  isolated  cases  of  the 
>ne  are  observed  during  the  prevalence  of  the  other.    This  frequent  associa- 
tion of  the  two  diseases  is  mainly  to  be  explained  by  the  fact  that  their 
[iredisposing  causes  are  similar,  the  diseases  themselves  being  specifically 
listinct.    That  the  two  diseases  are  distinct  is  believed  mainly  upon  the 
following  considerations  :  (1)  that  they  present  marked  clinical  differences  ; 
■-')  that  one  disease  does  not  protect  against  the  other;  (3)  that  the  one 
sease  does  not  give  rise  to  the  other ;  and  (4)  that  the  peculiar  spirillum, 
•haracteristic  of  the  blood  of  relapsing  fever,  is  not  observed  in  the  blood  of 
vphus  patients. 

The  mortality  from  relapsing  fever  in  England  and  Wales  during  recent 
^ears  has  been  insignificant:  in  1898  there  were  three  deaths  from  this 
ause,  in  1897  there  were  two,  in  1896  there  were  two,  in  1895  there 
>vere  seven,  and  in  1894  there  were  seven.  The  case  mortality  is  low, 
'  ■irymg  from  2  to  4  per  cent.  More  males  appear  to  be  attacked  than 
eniales,  but  more  females  die  than  males  when  so  attacked.  The  fatality 
'f  relapsing  fever  is  very  low  during  the  early  years  of  life,  but  increases  as 

advances.  Murchison  gives  the  following  figures  from  the  London 
I'  ever  Hospital : — 

Under  30  years,  1366  cases  with  7  deaths,  or  O'Sl  per  cent. 

Above  30  „  745  „  32  „  4-29  „ 
>,  50  „  191  „  18  ,,  9-42  „ 
>>    60    „         72       „        9       „       12-50  „ 

Etiology. — While  the  predisposing  causes  of  relapsing  fever  appear  to  be 
flentical  with  those  of  typhus,  namely,  overcrowding,  filth,  and  starvation, 
'le  actual  phenomena  of  the  disease  are  regarded  as  being  essentially 
'^■pendent  upon  the  presence  in  the  blood  of  a  particular  spirillum,  dis- 
j'vered  by  Obermeyer  during  the  febrile  stage,  and  which  disappears  from 

blood  immediately  before  the  end  of  the  febrile  stage.  The  spirilla  are 
f'ry  thin  and  about  20  /x  to  iO  ^  long,  their  movement  being  that  of  rapidly 
•rogressmg  spirals.    Immediately  preceding  the  febrile  stage  of  the  disease 
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tliey  appear  in  the  blood,  grow  more  and  more  numerous  during  the  fever, 
and  disappear  again  completely  from  the  circulation  before  the  fever  quite 
ceases.  During  the  non-febrile  stage  they  probably  take  refuge  in  the 
spleen  and  bone  marrow,  Avhere,  perhaps,  they  undergo  germination  and 
reproduction.  These  spirilla  have  not  as  yet  been  satisfactorily  cultivated, 
but  that  they  are  the  real  microbial  causative  agents  of  relapsing  fever  is 
proved  by  the  experiments  of  Vandyke  Carter  and  others,  who  have  pro- 
duced typical  relapsing  fever  in  apes  after  injection  of  blood  taken  from  a 
patient  during  the  febrile  stage  and  containing  the  spirilla. 

Exact  data  as  to  the  incubation  period  of  relapsing  fever  are  wanting,  hut 
from  what  facts  are  known,  it  would  seem  to  be  from  fourteen  to  twenty-one 
days.  When  once  established,  the  disease  is  highly  infectious,  the  virus  being 
apparently  conveyed  through  the  air,  or  by  fomites,  from  the  sick  to  the 
healthy.  With  free  ventilation  the  disease  almost  ceases  to  be  communi- 
cable. Kelapsing  fever  appears  to  afford  little  or  no  protection  against  sub- 
sequent attack,  as  second  attacks  are  by  no  means  uncommon. 

Prevention.— Recognising  the  fact  that  this  disease  is  one  of  _  the  most 
contagious  of  the  infective  diseases,  preventive  measures  consist  in  prompt 
isolation  of  the  sick,  the  freest  ventilation,  and  the  most  thorough  dismfec- 
tion  of  clothing.  Other  prophylactic  measures  of  the  first  importance  are 
those  which  combat  poverty  and  destitution. 

ROTHELN. 

In  this  and  other  countries  there  occasionaUy  occur  both  sporadic  and 
epidemic  cases  of  an  ailment  having  some  of  the  appearances  of  measles 
and  some  of  those  of  scarlet  fever,  but  still  not  conforming  strictly  to  the 
clinical  and  epidemiological  characters  of  either.  Tliis  malady,  seemingly 
different  from  measles  and  from  scarlet  fever,  but  having  some  of  the  charac- 
ters of  both,  is  commonly  spoken  of  as  "rubeola,"  ''rothehi,  or  German 
measles.  Many  have  regarded  it  as  a  hybrid  of  scarlet  fever  aiid  measles 
but  the  more  generally  accepted  view  is  that  it  is  an  entirely  distmct  and 

ThVdTsTaTe  is  undoubtedly  infectious,  but  never  very  markedly  so.  The 
infection  is  given  off  probably  by  the  breath  and  acquired  by  inhalation 
The  period  of  incubation  is  somewhere  about  fourteen  days,  while  its  period 
of  in  ectiveness  lasts  from  two  to  three  weeks.    The  case  mortality  is  low 
and  there  are  no  very  special  features  in  respect  of  either  the  influence  of 
ac^e  sex  or  race  upon  its  incidence.    This  malady  is  of  special  interest  o 
1^  ;XliealthVcer,  as  the  term  "German  -^^ffl^^^^^^^^ 
emnloved  and  too  often  is  allowed  to  serve  as  a  cloak  to  uncertaint}  m 
Snos  s     As  Goodhart  has  pointed  out,  "  a  doubtful  rash  makes  its  appear- 
ancC-d  tht  medical  man,  iLtead  of  saying  he  is  not  -ta-  of  i^^^^^^^^ 
olio  ,-f  Povmnn  mpqsles     'Then  it  is  not  scarlatina?    say  the  parents, 
to  '  L^Te  Lr  an^  tl^e  parents,  thinking  nothing  of  -easles,  take 
no  precTtio  is.''    When  we  bear  in  mind  that  true  rotheln  is  really  a  very 
rL'Sase  it  needs  little  imagination  to  ^^^^  ^^^^Z^Zm^ 
measles  or  scarlet  fever  are  probably  overlooked  ^'^ f  1*^^?^ 

disseminate  their  specific  infection  involuntarily  but  none  the  less  sure) 
throughout  the  community. 
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SCAELET  FEVER 

We  owe  the  recognition  of  scarlet  fever  as  a  distinct  disease  to  Sydenham, 
lief  ore  whose  time  it  was  confounded  with  measles,  and  occasionally  with 
diphtheria.    It  is  most  widely  diffused  in  Northern  and  Western  Europe 
iid  in  jSTorth  America,  but  has  failed  to  establish  itself  firmly  in  Africa  or 
uy  part  of  Asia,  except  Syria  and  some  parts  of  Asia  Minor.    The  disease 
ccurs  sporadically  from  time  to  time,  and  then  under  unknown  conditions 
becomes  widespread.    Ransome,  from  a  study  of  the  Swedish  scarlet  fever 
mortality  records,  says  that  "not  only  a  short  cycle  of  four  to  six  years  mav 
be  traced,  but  also  a  long  undulation  of  fifteen  or  twenty  years  or  more"; 
hich  may  be  likened  to  a  vast  wave  of  disease  upon  which  the  lesser 
idemics  show  like  ripples  upon  the  surface  of  an  ocean  swell."  Whitelegge, 
Nottingham,  found  that  scarlet  fever  shows  a  weekly  cycle,  the  notified 
rases  falling  to  a  minimum  on  Wednesday.    This  he  regards  as  probably 
lue  to  the  lessened  chances  of  infection  through  school  attendance  upon  the 
^unday.    In  England  scarlet  fever  is  more  prevalent  in  urban  than  in  rural 
reas,  mining  and  several  of  the  large  manufacturing  towns  being  especially 
ifected.    In  explanation  of  this  it  has  been  suggested  that  "  probably  the 
ipulation  in  industrial  and  mining  counties  live  in  more  than  averagely 
lose  aggregation,  and  that  the  spread  of  infection  is  thus  facilitated.  If, 
liowever,  this  were  the  true  and  complete  explanation,  we  should  expect  the 
'Ographical  distribution  of  other  infectious  diseases  to  tally  Avith  that  of 
arlet  fever."    "But  this,"  the  Registrar-General  remarks,  "is  not  true  as 
•gards  diphtheria;  nor  does  it  seem  altogether  true  as  regards  measles." 
l>oth  Longstaff  and  Barnes  have  shown  the  marked  difference  between  the 
'listribution  of  diphtheria  and  scarlet  fever ;  in  fact,  broadly  speaking,  it  may 
l  ie  said  that  where  the  latter  disease  is  most  prevalent  there  a  particularly 
low  diphtheria  rate  prevails. 

Influence  of  CHmate  and  Season.— While  climatic  influences  do  not 
appear  to  play  a  very  prominent  part  in  determining  the  geographical 
ilistribution  of  this  disease,  there  is  evidence  that  season  does  influence  its 
l>revalence.  In  England  the  mortality  is  at  its  minimum  in  March  and 
April,  and  rises  to  a  maximum  in  October.  In  New  York,  liowever,  the 
•  urve  is  almost  reversed,  the  minimum  being  in  September  and'  the 
maximum  in  April  (Whitelegge).  From  their  analysis  of  the  deaths  from 
scarlet  fever  registered  in  London  in  the  thirty  years  1845  to  1874,  Buchan 
and^  Mitchell  conclude  that  this  disease  has  its  maximum  from  the  beginning 
f'f  September  to  the  end  of  the  year,  and  its  minimum  from  February  to 
■luly.  The  period  of  the  highest  death-rate  is  from  the  beginning  of 
Dctober  to  the  end  of  November,  being  nearly  60  per  cent,  above  the 
iverage,  and  the  lowest  in  March,  April,  and  May,  when  it  is  about  33  per 
■nt  below  Its  average.  In  each  of  the  thirty  years  the  deaths  increased 
■it  the  time  of  mean  maximum,  and  in  aU  except  four  of  the  years  the 
increase  was  considerable.  During  ten  of  the  years  a  high  death-rate  was 
continued  on  into  the  year  immediately  following,  but  in  every  year  the 
'leaths  became  fewer,  and  diminislied  steadily,  if  not  rapidly.  White  We 
^'}'  a  table  based  on  the  notification  returns  of  twelve  large  English  and 
•Scottish  towns,  has  shown  that— as  was  to  be  expected— the  seasonal  curve 
notified  attacks  differs  little  in  outline  from  the  mortality  curve;  but 
the  seasonal  range  of  variation  is  greater  in  the  attack  curve,— in  other 
words,  the  mortality  rises  and  falls  proportionately  less  than  tlie  cases  do 
inriicatmg  that  at  the  season  of  the  year  in  which  the  disease  is  most  pre- 
valent it  is  least  fatal,  and  vice  versa. 
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As  to  the  meteorological  conditions  that  are  most  favourable  to  tlie  spread 
of  scarlet  fever  and  its  mortality,  there  is  a  wide  divergence  of  opinion. 
Upon  the  whole,  there  appears  to  be  an  inverse  relationship  between  the 
mortality  from  scarlet  fever  and  the  rainfall;  or,  as  Ballard  puts  it,  "a 
temperature  above  the  average  for  the  season,  and  a  dry  state  of  the  atmos- 
phere with  little  rain,  favour  the  prevalence  of  scarlet  fever  more  than  the 

reverse  conditions."  i-  i  -r*. 

Influence  of  Age  and  Sex.— The  influence  of  age  and  sex  upon  liability 
to  attack  and  death  by  scarlet  fever  were  fully  discussed  by  the  Eegistrar- 
General  in  his  49th  Annual  Eeport,  1886,  and  the  important  conclusions  at 
which  he  arrived  are  thus  stated  :— "  1.  The  mortality  from  this  disease  is 
at  its  maximum  in  the  third  year  of  life,  and  after  this  diminishes  with  age, 
at  first  slowly,  afterwards  rapidly.    2.  This  diminution  is  due  to  three 
contributory  causes  :  (a)  the  increased  proportion  in  the  population  at  each 
successive  age-period  of  persons  protected  by  a  previous  attack ;  (6)  t  le 
diminution  of  liabihty  to  infection  in  successive  age-periods  of  those  wlio 
are,  as  yet,  unprotected;  (c)  the  diminishing  risk  in  successive  age-periods 
of  an  attack,  should  it  occur,  proving  fatal.    3.  The  liabihty  of  the  unpro- 
tected to  infection  is  small  in  the  first  year  of  life,  increases  to  a  maximum 
in  the  fifth  year  or  soon  after,  and  then  becomes  rapidly  srnaUer  and 
smaller  with   advance   of   years.     4.  The  chance  that  an   attack  wiU 
terminate  fatally  is  highest  in  infancy,  and  diminishes  rapidly  with  years  to 
the  end  of  the  twenty-fifth  year,  after  Avhich  an  attack  is  agam  somewha 
more  dangerous.    5.  The  female  sex  throughout  life,  the  fii-st  year  possibly 
excepted,  is  more  liable  to  scarlet  fever  than  is  the  male  sex.    6.  But  the 
attacks  in  males,  though  fewer,  are  more  likely  to  terminate  fatally. 

These  conclusions  of  the  Eegistrar-General  have  been  largely  confiimed 
by  an  independent  inquiry  made  by  Wliitelegge,  upon  the  basis  of  6288 
cases  of  scLlet  fever  notified  in  the  three  large  towns  of  Nottingham, 
Salford  and  Leicester.  From  his  investigation,  Whitelegge  draws  he 
foUowiAg  practical  conclusions  :  "  That  in  shielding  a  child  agamst  m  ectioi 
during  the  first  few  years  of  Ufe  there  is  a  double  gain ;  every  year  of 

from  scarlet  fever  renders  him  less  and  less  -f  ^P^J^^^' ^^^^^^^^^ 
he  becomes  almost  insusceptible ;  and,  secondly,  even  if  he  f  «^  ^  1*™/^ 
take  the  disease,  every  year  that  the  attack  is  deferred  reduces  the  danger 

'^^^mo.in,  table,  compiled  froin  the  -nual  -ports 
the  RegistralGeneral  for  England  and  Wales,  shows  the  mortality  from 
scarlet  fever  during  the  last  twenty-five  years. 


Year. 

Death-rate  j, 
per  million  J 
living. 

1374 

1050 

1875 

851 

1876 

691  1 

1877 

585 

1878 

753 

1879 

694 

1880 

675 

Year. 

Death-rate 
per  million 
living. 

Year. 

Death-rate 
per  milliou 
living. 

Year. 

1881 
1882 
1883 
1884 
1886 
1886 

i 

548 
521 
475 
402 
233 
218 

i  1887 
!  1888 
1889 
;  1890 
1  1891 
1  1892 

1 

282 
226 
235 
242 
171 
190 

1893 
1894 
1895 
1896 
1897 
1898 

Death-i-ate 
per  million 
living. 


235 
167 
149 
178 
147 
113 


that  some  at  least  of  the  means  conducing  to  the  spread  ot  J 
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disease  are  being  materially  restricted.  Even  now  the  death-rate  from 
scarlet  fever  is  still  unduly  high  in  some  counties.  The  highest  rates  (1898) 
were  Cheshire,  150;  Lancashire,  157;  Durham,  164;  Leicestershire,  166; 
West  Riding  of  Yorkshire,  169;  Northamptonshire,  181;  Staffordshire,, 
201 ;  and  Derbyshire,  216. 

The  diminution  in  the  mortality  from  scarlet  fever  might  be  due  to 
diminished  prevalence  or  diminished  virulence  of  the  disease.  "With 
regard  to  prevalence  it  is  impossible  to  arr'ive  at  a  certain  conclusion,  but 
with  regard  to  virulence  it  appears  certain  that  there  has  been  a  "  change 
in  the  constitution"  of  scarlet  fever.  The  marked  diminution  in  the 
fatality  at  all  age  periods  is  Avell  shown  by  the  following  table : — 


Fatality  per  100  Cases  of  Scarlet  Fever.  (Newsholme.) 


Age. 

1874-85. 

1892-97. 

187  4-85. 

1892-97. 

Males. 

Temales. 

0-1 

39-5 

24-8 

44-2 

27-1 

1-2 

38-4 

20-5 

34-6 

20-4 

2-3 

25-5 

15-4 

22-6 

15-0 

3-4 

18-4 

11-2 

17-4 

11-3 

4-5 

13-0 

8-1 

11-2 

6-8 

Total,  0-5 

241 

12-8 

21-7 

12-0 

5-10 

10-6 

3-1 

9-7 

3-0 

10-15 

5-6 

1-3 

5-3 

1-1 

15-20 

4-0 

1-5 

3-4 

1-5 

20-25 

3-9 

1-2 

3-2 

1-7 

25-35 

7-5 

1-7 

4-3 

1-3 

35  and  upwards 

8-5 

4-9 

6-5 

2-6 

Etiology  and  Infectiveness.— -The  contagion  of  scarlet  fever  is  probably 
not  developed  until  the  eruption  appears,  and  is  particularly  to  be  dreaded 
during  desquamation.  No  doubt  the  poison .  is  spread  largely  by  the  fine 
scaly  particles  which  are  diffused  with  the  dust  throughout  the  room.  Even 
late  in  the  disease,  after  all  desquamation  has  apparently  ceased,  a  patient, 
has  conveyed  the  contagion ;  in  these  cases,  however,  there  is  usually  to  be 
detected  some  discharge  from  or  dried  purulent  matter  attaching  to  the 
auditory  meatus,  which  possibly  is  equally  infective  as  any  purely  cuticular 
particles.  The  poison  clings  with  great  persistence  to  clothing  of  all  kinds 
and  to  articles  of  furniture.  In  no  disease  is  a  greater  tenacity  displayed. 
Bedding  and  clothing  which  have  been  put  away  for  months  or  even  for 
years  may,  unless  thoroughly  disinfected,  convey  contagion.  The  infection 
of  scarlet  fever  seems  to  be  given  oft"  by  the  breath,  the  secretions  from  the- 
nose,  mouth,  pharynx,  ears,  and  perhaps  kidneys,  as  well  as  by  the 
desquamating  cuticle.  It  may  apparently  cause  the  disease  either  by  being 
inhaled  or  swallowed.  There  is  no  evidence  of  its  being  conveyed  by  watei" 
and  inasmuch  as  the  disease  does  not  appear  to  spread  in  the  neighbourhood 
of  fever  hospitals,  it  is  doubtful  whether  the  infection  can  be  conveyed  any 
great  distance  by  air  currents. 

Although  Boobbyer  has  recorded  a  series  of  cases  of  scarlet  fever,  the 
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incidence  of  which  appeared  to  be  determined  by  disturbance  of  soil,  there 
is  at  present  little  evidence  to  show  that  the  disease  has  any  definite  relation 
to  the  soil.    On  the  other  hand,  numerous  epidemic  outbreaks  of  scarlet 
fever  are  now  known  to  have  occurred  in  which  milk  was  the  vehicle  of 
the  contagium.    Until  1882  all  such  milk  epidemics  were  believed  to  be 
brouo-ht  about  by  infection  of  the  milk  by  the  virus  from  a  human  case  of 
•scarlet  fever  ;  in  fact,  in  a  tabulated  account  of  fifteen  milk  scarlatinas 
prepared  by  Ernest  Hart,  and  published  in  vol.  iv.  of  the  Transactions  of 
the  International  Medical  Congress  for  1881,  several  epidemics  are  detailed 
in  which  this  mode  of  milk  infection  from  a  human  source  was  clearly 
.demonstrated.     Later  investigations  by  Power  and  Klein  seem  to  show, 
however,  that  not  only  may  milk  be  a  medium  of  disseminating  scarlet 
fever  after  its  infection  by  virus  from  a  human  case,  but  that  human  scarlet 
fever  may  be  produced  by  milk  which  owes  its  infective  property  to  an 
ailment  of  the  cow.    The  well-known  "  Hendon  outbreak  "  constitutes  so 
important  and  classical  an  instance  of  this  class  of  epidemic  that  it  demands 
some  brief  reference  in  detaU.    In  December  1885  a  sudden  and  extensive 
outbreak  of  scarlet  fever  occurred  in  Marylebone,  and  was  found  by 
Wynter-Blyth,  the  Medical  Officer  of  Health,  to  be  associated  with  a 
particular  milk-supply  obtained  from  a  farm  at  Hendon.    The  mdk  was 
also  distributed  in  St  John's  Wood,  St  Pancras,  Hampstead,  and  Hendon ; 
in  each  of  these  districts,  except  the  first,  scarlet  fever  became  prevalent 
suddenly  early  in  December.    On  the  15th  the  milk  sent  to  Marylebone 
was  returned  to  the  farmer,  and  some  of  this  was  given  away  to  poor  people 
at  Hendon  on  the  following  days ;  from  the  20th  onwards  a  number  of 
cases  of  scarlet  fever  occurred  among  those  who  had  drunk  the  milk. 
There  was,  therefore,  strong  presumptive  evidence  that  the  disease  was 
conveyed  by  the  milk.    The  whole  outbreak  was  investigated  by  1  ower 
and  Klein  on  behalf  of  the  Local  Government  Board,  with  the  result  that 
thev  found  the  cow  itself  was  the  source  of  infection.     Their  inquiries 
indicated  that  there  had  been  no  case  of  scarlet  fever  among  either  the 
emnloyds  or  the  neighbours  of  the  dairyman  that  could  reasonably  be 
-suspected  of  having  infected  the  milk.    On  attention  being  next  directed  to 
the  cows,  many  of  them  were  found  to  be  suffering,  or  to  have  recently 
suffered  from  vesicles  or  ulcers  upon  the  teats  and  udders.    These  were 
readily  demonstrated  to  be  infectious,  and  had  been  first  seen  upon  a  cow 
which  was  bought  on  l^ovember  15th.    The  dates  of  outbreak  of  scarle 
fever  in  each  district  being  known,  it  was  found  that  each  outbreak  was 
preceded  by  a  few  days  by  the  introduction  of  this  affection  into  the  cow- 
sheds from  which  the  milk-supply  of  the  district  was  drawn.    The  early 
exemption  of  St  John's  Wood  was  explained  by  the  fact  that  the  disease 
had  not  appeared  in  the  small  shed  from  which  alone  its  supply  was  drawn ; 
but  during  the  inquiry  this  shed  became  affected  at  last,  and  an  outbreak  m 
sfjohn's  Wood  immediately  followed.    All  the  cows  showing  any  signs 
of         d  seTse  were  then  isolated,  and  no  further  cases  of  scar  et  fever 
occurred  among  the  consumers  of  the  milk.    The  symptoms  noticed  in  the 
crTere  chiefly  local,  but  there  were  bald  patches  of  skm,  especial  y  abou 
the  til  and  back,  the  epidermis  in  these  patches  being  scaly  and  the  cutis 
the  tail  ana  \         ^^.j^^    ^he  vesicles,  which  were  smaU,  were 

:o"o  thftir:  Ju!?L.  They  extended.'and  in  two  days  fonned 
lat  i  regular  ulcers  covered  with  brown  scabs.     I"«<=^l^ted  upon  cd^^^^^^^ 
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cows,  Klein  isolated  and  cultivated  a  streptococcus  which  was  identical  with 
that  which  he  had  obtained  from  the  skin  and  blood  of  scarlatina  patients 
This  streptococcus  Klein  designates  as  the  Streptococcus  scarlatina},  and 
I  regards  it  as  the  microbe  of  scarlet  fever.    In  broth  at  37°  C  it  forms 
^  white  nebulous  floccuH  at  the  bottom  of  perfectly  limpid  broth  :  the  flocculi 
;iare  made  up  of  chains  of  cocci.    Milk  at  37°  C.  is  coagulated  in  from  one 
tto  three  days  and  litmus  milk  is  turned  red.    On  agar  the  colonies  at  first 
a  appear  as  small  round  transparent  discs,  later  they  become  opaque  and 
ggranular,  and  the  discs  are  knobbed  and  crenated.    Inoculation  of  calves 
vwith  pure  cultures  of  this  Hendon  micro-organism  produced  a  constitutional 
ddisease  that  had  many  points  of  analogy  with  human  scarlet  fever,  the 
ccondition  of  the  kidneys,  in  particular,  differing  in  no  respect  from  acute 
^-scarlatinal  nephritis.    This  theory  of  a  bovine  scarlet  fever  is  rejected  by  the 
vvetermary  profession  and  by  some  medical  authorities,  but,  apart  from  the 
Macts  connected  with  the  Hendon  outbreak,  evidence  is  slowly  accumulating 
inn  association  with  other  milk  epidemics  of  scarlet  fever,  which  indicates 
*hat  there  are  sources  of  scarlatinal  infection  of  milk  other  than  those 
mrom  cases  of  the  human  disease. 

In  connection  with  the  so-called  return  cases  of  scarlet  fever,  Thompson 
rmvestigated  the  circumstances  underwhich  scarlet  fever  manifested  itself  anew 

JDistrict  Council  Hospital  had  returned  on  recovery  from  scarlet  fever  He 
dound  that  whilst  a  distinct  proportion  of  re-invasions  was  due  to  the  return  of 
^Hospital  patients.  It  was  not  improbable  that  other  agencies  were  in  operation 

Sib    7"  ^/^^^°^/f^d  stage  of  the  epidemic  had  an  important  influence, 

declined     m^Tl  '^'^''"^'^        ^"^^^^      '^'^'^  '^'^^ 

frffi?     •  f^'  ^°^^,^y^^'  considers  that,  in  the  majority  of  cases,  the 

infection  is  really  carried  by  the  patient  leaving  hospital.    Eeturn  case^  are 

Ss'uXThev  '^"^T^  duringthe  succee^^^^^^ 

weeks  until  they  practically  disappear  in  the  sixth  week  after  the  return  home 

lus  wCt  foo^     '''"*r/  '^^^       ^PP^-     contain  th^ 

Sliledtnttnf  fi'  P^°l°°S^d.    It  is  interesting  to  note  that 

urt?  f  1 '  Streptococcus  scarlatince  in  the  desquamating  cuticle 
loannd  n.ST'f  f  ''^'^f'  ^^^^^^         h«  d«t«<^ted  it°in  the 

?eek  f''^  r^'i"^  convalescents  at  intervals  of  six  and  nine 

2en  i.llv  .  >.      .1    ^^^^""K   ^'^^"^       '^^^^         <^he  phenomenon  is 

^eV  Bv  n  f        discharged  patient  with  acut^ 

TeSdii??  P^^'^^^S  P^tif  ts  m  a  convalescent  ward  for  fourteen  days  before 
^Ss  '  W  f  ^in'i  '^t^^'^'^^^y  disinfecting  the  skin,  nares  and'^auditoTy 
St.  rW^  '^^g/^^turn  case  occurred  in  connection  with  the  Manchester 
TOiits  discharged  from  the  convalescent  wards  " 

ienelTnttwP'"°^°^''"t^^^^^^  ^^"^^  ^^^^  days,  and 

saaes  tn^n^  '  '"^^^^^i^^^*  an  extension  of  the  period  of  isolation  in  most 
«ro2houfc  HfHr  "T"""  ^r^'-  ^^^^^k  usually  confers  immimity 

S  if      '  b^^gh  «^«o"d  and  third  attacks  occasionally  occur  This 
Wnt  JT'*''^''  ^".^".^  '^'''^y  ^^sooi^ied.  with  diphtheria,  while  s 
'S\o"it^^^^^^    "^'^  ^  '^'"^       P-^P-^1  already  been 

wfdTe^'provi^ofonnW        f  ^f^P^^^^^^^'  to  ^vhicli  must  be 

disease^  Ir  est  of  .^^^^^^^^^^     liospitals  and  the  practice  of  notification  of 
se.    Arrest  of  contagious  material  from  the  skin  may  be  secured  by 
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f^nr.  wifh  vaseline  oil  or  elycerine  combined  with  eucalyptus,  carbolic 
inunction  with  vaseline,  o".  b  y  .  .  ,■  inhalations  for  the  throat  and 
acid,  or  some  other  ■^^'^^'^^^^Z^  SS^,  and  dwelling-room. 
"""^  T^Llu  LJ^ct^i  sWd  be  boiled,  espeeiaUy  for  ehildren 

and  spirit. 
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It  is  still  a  disputed  point  as  to  tl- country  m  w  no  W^^^^^ 

though  the  earliest  records  of  ^l%^^'XrcZ£^^n  e^r  The T^l  magna 
China,  dating  many  ^entur^es  before  the  Ch^^^^^^^^    era^  is  be/eved  to  have 

described  by  ^alen  Xt^^^^oT^^^^  army  at  the  siege  of 

been  small-pox.  On  the  breaK  "  prevalence  of  the  disease  among 
Mecca  in  570  a.d.,  owing  to  the  ^f^^^'lll^'^l^^^  ^^^^  northern  Africa  and 
the  soldiery,  small-pox  was  g^^'i^.f  ^  f^^^^^^  by  the  Moors 

into  Asia  Minor.  rthe  eiSSi"^ or  ninth  century  it  had 

through  France  ^^^i.  ^P^^^'/^^^^  7,^^  ''^^^^^  accurate  account  of 
reached  Saxony,  Switzerland  and  ILnglana     x  ^.^^  ^^^^^ 

the  affection  was  giTen  by  Ehazes  an  Arabian  P^Y^  ^  translation  for 
925  A.B.,and  whose  f^^^^.^^^^^^dW  i^^^^^        West  Indies  and 

Sat^rrthltosf  Jrttto^yT  tTe  earL Uhorities  on  the 

disease.  ,   ,         i^  a,n  be  said  to  be  exempt  from 

In  the  present  day,  no  P^^^ J?  ^^X^^^  in  India,  the  Soudan, 

small-pox,  or  rather  from  -P^'i^^^;      ^^^^^^^^^^  those  countries  may 

and  Central  Africa  It  .^^^^«T^f  ^  J,^r''^,o  time  to  time  so-caUed 
be  regarded  as  endemic  foci  JJ^^^f  f ^^^^  characterised  by  a 

pandemic  extensions  occur,  invo  vm^^  ^^^^^        ,1  ,  ,f 

sSn^toftmetf  glik^^^^^^^^  many  of 

Influence  of  CUmate  and  Season  -As  mr^^^  J  diffusion  so  com- 
the  acute  infective  ^-jes  ^^o- ^^^^^^  X^.-^  soil."  Season  doj 
plete  an  independence  of  f  ^        of  small-pox.    In  temperate 

seem  to  have  some  effect  ^P°^ J^^^^^^^^P;^  is  above  the  mean  from' 

climates,  such  as  Eng  and,  the  ,    December.    Taking  India  as  a 

January'  to  June,  and      ^  ^Vrxirn^^^^^^^^^  -  -  Apnl  and  May 

type  of  oriental  c'^^^t^'^^^^^J^J  J'^sTS  he  rains  invariably  puts  a  check 
ti^Z:^'^^:^^^^^  maximum  prevalence  is 
usually  during  late  winter  and  early  spn^^  ^^^^^^^^  ees 

Influence  of  Race,  Sex,  and  Age  ^  moreover,  suffer  a 

appear  to  have  a  pecuhar  ^^^^ept  bil  ^^^^^^  small  1  o^,  ^^^.^.^^^y  ^^1. 
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the  second  and  third  years  of  life,  and  from  ten  to  fifteen  years  of  age,  the 
reverse  is,  to  a  slight  extent,  the  case.  In  relation  to  age,  as  we  shall  see 
presently,  the  prevalence  and  mortality  of  small-pox  is  essentially  a  question 
of  vaccination.  In  pre-vaccination  times,  about  90  per  cent,  of  the  deaths 
were  at  ages  below  five  years,  the  actual  maximum  being  in  the  second 
year.  In  the  present  day,  the  deaths  under  five  years,  being  practically 
hmited  to  unvaccinated  children,  constitute  about  30  per  cent,  of  the  total 
deaths  from  small-pox ;  and  in  this  age-period  the  greatest  mortality  is  in 
the  first  year.  From  this  point  it  steadily  diminishes  until  about  the 
fifteenth  year,  it  rises  to  a  second  maximum  about  the  twenty-fifth  year, 
and  then  steadily  falls  again  (M'Vail). 

The  following,  table  from  the  Eeport  of  the  Medical  Officer  to  the  Local 
Government  Board,  1884,  illustrates  this  point  very  clearly,  by  showing  the 
contributions  of  various  ages  to  1000  smaU-pox  deaths  at  all  ages.  These 
figures  show  that,  "  with  the  spread  of  vaccination,  children  as  a  whole,  and 
especially  vaccinated  children,  bear  less  and  less  of  the  total  smaH-pox 

:  mortality,  while  among  the  unvaccinated  the  distribution  approaches  more 

;  nearly  to  that  of  pre-vaccination  times." 


Vaccination  unknown. 

Vaccination 
partial. 

London,  1884,  Vaccination  general. 

Ages  at  Death. 

Geneva, 
1580-1760. 

Kilmarnock, 
1728-1764. 

London, 
1848-1851. 

Unvaccinated 
Community. 

Vaccinated 
Community. 

Total. 
Inhabitants. 

0-10  years, 
10-20  „ 
20-30  ,, 
30-40 
Over  40  ,, 

961 
26i 
10 

}  ^' 

988 
5 
7 

815 
59 
83 
32 
11 

612 
146 
108 
72 
62 

86 
173 
319 
221 
201 

343 
170 
213 
142 
132 

Total, 

1000 

1000 

1000 

1000 

1000 

1000 

Mortality.— The  introduction  of  vaccination  has  largely  aff"ected  the 
€  epidemic  character  of  small-pox.  The  "bills  of  mortality"  for  London, 
ggoing  back  to  1629,  show  that  upon  an  average  some  70  to  90  per  1000  of 
tthe  persons  buried  in  London  during  the  seventeenth  and  eighteenth 
I."  centuries  had  died  of  smaU-pox,  while  in  epidemic  years  the  proportion 
ooften  rose  to  130,  150,  or  even  190  per  1000.  The  general  small-pox 
•meath-rate  per  miUion  living  in  England  and  Wales  is  shown  in  the  follow- 
umg  table  compiled  from  the  Registrar -General's  returns. 


Death-rate  per  million  from  Small-pox  in  England  and  Wales. 


Period. 

Persons. 

Males. 

Females. 

1881-70 
1871-80 
1881-90 
1891-95 
1897 

160 
234 
45 
20 
1 

179 
265 
52 

"i 

142 
205 
88 

avity.— Although  the  pathogenic  micro-organism  of  small-pox  has 
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not  as  yet  been  identified,  it  is  a  weU-recognised  fact  '^^^.^''^l^'^^^^^ 

thfl  vesicles  of  the  disease  and  in  the  adjacent  lymphatics  Klem  isolated 
from  slabs  of  the  eruption  in  human  variola  a  small  bacillus,  the  Baall^s 
X/whkh  is  allied  in  general  characters  to  the  Xerosis  group  of  baciUi 

S  when  large  ^^^^^^^^^^  g--th  of  the  f  «Y°tL'fo 

hW  serum  were  injected  subcutaneously  into  calves,  it  was  found  that  no 
;^Hn-arnroduced  from  subsequent  vaccination  with  animal  vaccine 

lympn.  convection  is  one  of  the  most 

mmmmm 

the  W  from  the  hospital  as  a  centre  with  ^adii  °t  i   ^  ^ 
respectively,  and  an  enumeration  made  °f  f     ^J^^^^^^^^      i^^^^ed  houses 
a  J  of  f and  this  relation 
diminished  as  the  'ii^*^^'^^/^""^^;.  Taking  the  total  results  over  a 

held  good  in  each  quadrant  of  each  zone_    J-^^^J^  ^^^^  half-dozen 

series  of  eight  years,  beginning       ^^77   and  mciua  ^^^^^  ^^^^ 

different  periods  of  ^maU-pox  prevalen  e  ^on^^^^^ 

percentage  of  ^-^^^^^^^^  fnSfof^^a  mile,  U^S  beLeen  a 

appeared  wa  as  foUows  •    30  ^  J^^^,        three-quarters,  and  4-6 

quarter  and  a  halt  miie,  y   JJ^^J^  ^  -jhe  position  of  the  hospital 

between  three-quarters  of  a  mde  and  one  miia^^  practically  be  dis- 

was  such  that  direct  communication  by  traftc  could  ^  J 
regarded,  as  the  incidence  upon  the  quadian^  wli  ^^^^ 
apVacb  to  the  ho^pital^^^^^^^^^  J  e 

Power  concluded  that   dittusion  uiuj^  ntmnsnhere     Possibly  only 

Tggregated,  and  ^^^^  t^^^^  n"  c^^^^g  PO-,^s  so 

the  air  of  towns  or  cities  "^^y  f''  'j^%f  g^^h  occurring  in  connection 
VhosS"S!  S  •  bt'reiilU\3re  may  be\s  much  owing 
To  want  of  population  as  to  f-^f^^^^^^^  ones  made  by  others 

The  practical  outcome  of  this  ^^.^^'^C,  the  Local  Government  Board 
leading  to  similar  conclusions  has  been  ^J^^^^  t^e  J.ocai  ^^^^^^^^  ^^^^ 

has  issued  the  following  >f '^^t.^lTno';  W  o"  any  site  where  it 

contemplate  the  erection  of  ^.^^^^"^^^^fa  centre  either  a  hospital, 
would  have  within  a  ^''f''^^^\^'ll,','Xov\^^^^^  or  any  similar 
whether  for  infectious  <i^f^^^^°|.J°2bo  persons  ;  (2)  on  any  site  where 
establishment,  or  a  pop^^^^^^  ^  ;200  ^r,  ,>p^,ation  of  500-600 
it  would  have  withm  liaii  a  imio  .    (j^^^eU  ng-houses. 
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until  every  scab  has  disappeared.  After  exposure  to  infection,  a  quarantine 
of  seventeen  days  is  usually  sufficient,  but  should  not  be  less  than  a  fort- 
night. Second  attacks  are  rare,  except  after  some  years'  interval ;  third 
attacks  are  not  unknown. 

Occasionally  one  meets  with  persons  who  are  entirely  insusceptible  to 
the  contagion  of  small-pox :  what  is  the  precise  proportion  of  such  insus- 
ceptible persons  to  the  general  population  is  very  difficult  to  determine,  but 
taking  the  mean  of  many  observations,  we  may  put  the  ratio  down  as  1  in 
20  for  adults  and  1  in  60  among  children 

Protection  and  Vaccination.— Individual  protection  against  an  attack 
of  small-pox  can  be  obtained  in  three  ways  :  by  natural  small-pox,  by 
inoculated  small-pox,  and  by  vaccination.  In  former  years,  protection 
once  acquired  was  looked  upon  as  permanent  and  absolute;  but  later 
experience  shows  that,  from  whatever  cause  obtained,  the  amount  of  pro- 
tection varies  according  to  the  thoroughness  of  the  protective  procedure. 
Severe  small-pox  gives  more  lasting  protection  than  mild  small-pox  ;  small- 
pox inoculation  gives  most  protection  when  followed  by  an  eruption ;  and 
a  complete,  thorough,  and  multiple  vaccination  gives  more  lasting  protec- 
tion than  does  a  vaccination  in  which  only  a  smaU  single  vesicle  has  been 
produced. 

At  the  present  time,  a  second  attack  of  small-pox  is  less  frequent  than 
formerly,  because,  as  a  result  of  the  practice  of  vaccination,  a  first  attack  of 
the  disease  usually  comes  later  in  Hfe,  so  that  the  protection  it  affords  does 
not  wear  ofi"  in  time  to  readily  allow  of  a  second  attack. 

Protection  from  small-pox  by  deliberate  inoculation  of  the  disease,  or 
variolation,  as  it  was  called,  was  very  generally  practised  in  this  country 
during  the  last  century,  and  continued  until  it  was  made  illegal  in  1840. 
The  chief  objections  to  it  were  the  danger  to  life  which  attended  it,  the 
disfigurement  which  so  generally  followed,  and  the  fact  that  the  inoculated 
went  about  spreading  the  disease  broadcast.  The  researches  and  observa- 
tions of  Edward  Jenner,  between  1768  and  1798,  led  to  the  introduction  of 
vaccination,  or  the  inoculation  of  man  with  the  smaU-pox  of  the  cow  by 
which  man  contracted  the  affection  caUed  vaccinia.  This  vaccinia  is  as 
Jenner  always  supposed  it  to  be,  small-pox  of  the  cow;  but  owing  to  the 
remarkable  change  in  the  cow  or  calf  of  small-pox  into  vaccinia,  the  poison 
of  human  or  ordinary  smaU-pox  is  so  weakened  as  to  be  unable  to  cause, 

•  except  m  rare  cases,  a  general  eruption,  or  to  spread  by  atmospheric  con- 

•  vection ;  m  fact,  to  use  the  words  of  M'Vail,  the  change  in  the  calf  from 
!  smail-pox  to  vaccinia  has  the  effect  of  "  removing  the  objectionable  and 
I  retaining  only  the  valuable  part  of  the  original  disease."  Which  is  the 
;  ancestor  of  the  other  still  remains  a  moot  point,  but  that  small-pox  and 
'  cow-pox  are  identical  was  Jenner's  firm  belief,  and  the  most  recent 
s  scientifac  investigations  of  the  subject  altogether  go  to  strengthen  this 
1  view.  -         o  o 

•  f>,  7f,^f  "J^*^"^  "^^^^  introduced  by  Jenner  in  1796,  when  he  claimed  for  it 
'  tnat,  duly  and  efficiently  performed,  it  will  protect  the  constitution  from 
>  subsequent  attacks  of  small-pox  as  much  as  that  disease  itself  will.  I  never 
>-  expected  it  would  do  more,  and  it  will  not,  I  believe,  do  less."  Bmiiw  the 
^  earner  part  of  the  present  century  it  gradually  superseded  inoculation?  It 

was  provided  gratuitously  by  the  first  Vaccination  Act  of  1840,  made  com- 
tCrT;      .^^^^'/^'l  systematically  enforced  by  paid  vaccination  officers 
vacdnnHnn  1  '  pandemic  in  1871.    Following  the  introduction  of 

vaccination,  there  has  resulted  a  remarkable  decline  in  the  prevalence  of 
smaii-pox,  not  only  m  England,  but  in  various  European  countries.  This 
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decline,  it  has  been  urged,  was  due,  not  so  much  to  the  use  of  vaccination 
as  to  the  decrease  of  inoculation  and  to  increased  attention  to  sanitation. 
That  the  mere  decline  in  the  practice  of  variolation  was  not  the  cause  ol  a 
diminished  small-pox  prevalence  is  well  shown  by  the  experience  of  Sweden 
and  Copenhagen,  where  it  so  happened  inoculation  for  smaU-pox  was  never 
largely  practised  ;  yet  the  death-rate  from  smaU-pox  per  miUion  of  popula- 
tion was  in  Sweden,  in  the  last  century  no  less  than  2050,  and  now  sin  e 
the  introduction  of  vaccination  the  death-rate  is  but  158  per  million ,  the 
corresponding  figures  for  Copenhagen  are  3128  and  286.    As  bearing  on 
Te  question"  of  °the  influence  of  sanitation  as  a  factor  m   ^e  dechne  of 
small-pox,  it  has  been  pointed  out  by  various  writers,  principally  by  M  \  ai , 
that  the  statistics  of  all  diseases  teach  that  in  reference  to  samtation  each 
disease  has  to  be  considered  by  itself.    Though  the  removal  of  f^cal 
impurities  has  diminished  enteric  fever,  it  has  not  affected  measles  The 
kssening  of  overcrowding  and  personal  filth  has  much  lowered  the  typhus 
fevei  rate,  but  without'reducing  the  diarrhoea  rate.     Vaccination  has 
diminished  small-pox  without  similarly  affecting  whoopmg-cough,  and  while 
general  cleanliness  and  purity  of  water  and  food  are  useful  agams  aU 
diseases,  yet  "the  lessening  of  smaU-pox  cannot  be  set  dow^  ^o  improved 
dminag;  any  more  than  ca°n  the  lessening  of  enteric  fever  be  set  down  to 

'"tf rmXTelLinution  in  the  smaU-pox  death-rate,  especially  within 
the  last  fifty  years,  is  shown  in  the  foUowing  table  with  regard  to  the 


Years. 

Average  Annual  T)eaths  per 
million  from  all  Causes. 

Average  Annual  Deaths  per 
million  from  SmaU-pox. 

1660-79 
1728-57 
1771-80 
1801-10 
1831-35 
1838-53 
1854-71 
1872-82 
1883-92 

80,000 
52,000 
50,000 
29,200 
32,000 
24,900 
24,200 
22,100 
19,800 

4,170 
4,260 
5,020 
2,040 
830 
513 
388 
262 
73 

In  London  small-pox  causea  mi-BB  ucai-ixo  o 
""'l^rris'srer^SvSkon  ,vas  option^  i  ^Scotland  'Ue  a^uul 

deaS/from  smaU-pox  was  3«  P- °]4:^tto'p'  ^^^^^ 
vaccmation  .vas  made  compulsm,        ^eaft-.ate  dr„^ed^^^^  ^^^^ 

1774.    From  that  date  to  the  beginning  of        ^^^^^^^^^^^  vaccination 

death-rate  was  2008  P- "^l^-^f  P^fo  631  Tn  18^  became 
was  optional,  and  the  death-rate  fell  to  bdi.    in  death-rate 

tion  and  n'ot  samtation  -l™'' '^^^  ^t^^^^^^^^  s,nall-po^ 
:f^:"?^X'Ss:  oflMXrS  no.,  ow^g  to  infantum 


SMALL-POX  AND  VACCINATION. 


695 


\accination,  the  main  incidence  of  tlie  disease  has  been  transferred  to  later 
periods  of  life.  The  following  table,  which  gives  the  mean  annual  deaths 
in  England  and  Wales  from  small-pox  at  successive  life  periods  per  million 
living,  indicates  this  fact  very  clearly. 


Period. 

All 
Ages. 

0-5 

5-10 

10-15 

15-25 

25-45 

45  and 
XTpwards. 

1. 

Vaccination  optional,  1847- 

53,  .... 

305 

1617 

337 

94 

109 

66 

22 

2. 

Vaccination  obligatory,  but 

not    efficiently  enforced, 

1854-71,  .... 

223 

817 

243 

88 

163 

131 

52 

3. 

Vaccination  obligatory,  but 

more  efficiently  enforced 

by    vaccination  officers. 

1872-91,  .... 

89 

]77 

95 

54 

97 

83 

38 

The  figures  show  that,  coincidently  with  the  gradual  extension  of  the 
practice  of  vaccination,  there  has  been,  in  the  first  place,  a  gradual  and 
notable  decline  in  the  mortality  from  small-pox  at  all  ages ;  and,  in  the 
second  place,  that  this  decline  has  been  exclusively  among  persons  under 
ten  years  of  age,  and  most  of  all  among  cliildren  under  five ;  and  thirdly, 
that  after  the  age  of  ten  years  the  mortality,  so  far  from  having  declined,, 
has  actually  increased — very  slightly  among  persons  of  from  ten  to  fifteen 
years  of  age,  but  very  greatly  for  persons  older  than  this ;  and  lastly,  that 
the  increase  has  been  the  greater  the  more  advanced  the  time  of  life.  This 
changed  incidence  of  small-pox  is  one  of  the  most  curious  and  convincing 
proofs  of  the  efficacy  of  vaccination,  and  one  which  may  profitably  be 
studied  by  a  close  examination  of  the  facts  connected  with  each  and  aU  of 
the  recent  small-pox  epidemics.  No  such  change  of  age  incidence  is  to  be 
seen  in  any  of  the  other  zymotic  diseases  as  is  found  to  have  taken  place 
with  respect  to  small-pox  since  the  introduction  of  vaccination. 

Confirmatory  evidence,  if  any  be  needed,  is  afforded  by  Barry  in  his 
Report  to  the  Local  Government  Board  upon  the  Sheffield  epidemic  of 
1887-88,  in  which  he  showed  that,  among  each  1000  of  the  children  under 
ten  years  of  age,  living  under  the  common  conditions  of  infection  in  the 
whole  borough. 


The  attack-rate  of  the  vaccinated  was    ....  5'00 

The  attack-rate  of  the  unvaccinated  was           .          .          .  101 '00 

The  death-rate  of  the  vaccinated  was     ....  0'09 

The  death-rate  of  the  unvaccinated  was  ....  44*00 

Among  1000  persons  over  ten  years  of  age  living  under  the  common 
conditions  of  infection  in  the  borough. 

The  attack-rate  in  persons  twice  vaccinated  was          .          .  3  "00 

The  attack-rate  in  persons  once  vaccinated  was  .          .          .  19"00 

The  attack-rate  in  persons  not  vaccinated  was  .          .          .  94*00 

The  death-rate  among  persons  twice  vaccinated  was      .          .  0"08 

The  death-rate  among  persons  once  vaccinated  was      .          .  1"00 

The  death-rate  among  persons  not  vaccinated  was        .         .  51 '00 


Under  the  general  circumstances  of  the  Sheffield  epidemic,  therefore,  the 
vaccinated  children  had,  as  compared  with  the  unvaccinated  children  living 
n  the  town,  a  20-fold  immunity  from  attack  by  small-pox,  and  had  a  488- 
old  security  against  death  by  small-pox.    Among  persons  at  ages  above 
en  dears  there  was  a  5-fold  immunity  from  attack,  and  a  51-fold  security 
ainst  death  from  small-pox.    The  twice  vaccinated  persons  over  ten  years 
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of  age,  as  compared  with  the  unvaccinated  ijersons  of  the  same  age  living  in 
the  town,  had  a  31 -fold  immunity  against  attack  by  small-pox,  and  had  a 
637-fold  security  against  death  from  small-pox. 

From  Leicester  very  similar  facts  are  forthcoming  in  respect  of  the 
epidemic  of  1892-93.  Quoting  from  the  official  report  of  the  Medical 
Officer  of  Health,  we  get  the  following  suggestive  figures: — 


Under  Ten  Years  of  Age. 

Vaccinated  cases,  2 ;  death,  0,       .  .    '  . 

Unvaccinated  cases,  105  ;  deaths,  15, 


:  0  "00  per  cent. 
rl4-30  „ 


Over  Ten  Years  of  Age. 

Cases  once  vaccinated,  176  ;  death,  1,  ....  =  0 -57  per  cent. 
TJnvaccinated  cases,  48  ;  deaths,  4,  .  .  •  •       =  8'30  ,, 

Re-vaccinated  cases,  14;  death,  0,  .  .  .  •  •       =  O'OO  ,, 

Doubtful  as  to  vaccination— that  is,  no  marks  visible— cases,  2 ;  death,  1,  =  50  "00     , , 

Whittington,  in  Derbyshire,  suffered  from  a  sharp  outbreak  of  small-pox 
in  1893-94,  there  being  135  attacks  and  13  deaths.  The  following  table 
by  the  local  Medical  Officer  of  Health  is  sufficiently  instructive  to  be  worth 
quoting  in  its  entirety. 


Age-Period. 

Number  of 
Persona  in 
Invaded 
Houses. 

Attacks. 

Vaccinated  in  Infancy. 

Not  Vaccinated. 

Not 
Attacked. 

At- 
tacked. 

Died. 

Not 
Attacked. 

At- 
tacked. 

Died. 

Under  10  years, 
10-20  years, 
20-30  ,, 

30  years  and  upwards, 

177 
111 
85 
109 

25 
34 
37 
39 

148 
77 
48 
70 

11 
31 
35 
39 

0 
0 
2 
5 

4 

14 
3 
2 

5 
1 
0 

Totals, 

482 

135 

343 

116 

7 

4 

19 

6 

Therefore,  of  459  persons  vaccinated  in  infancy  and  Hving  m  houses 
invaded  with  small-pox  25  per  cent,  were  attacked  and  1-5  per  cent,  died  ; 
whilst  of  23  persons  unvaccinated  and  in  invaded  houses,  82-7  per  cent, 
were  attacked  and  26  per  cent.  died.  No  vaccinated  person  under  twenty 
vears  of  a-^e  died.    Similar  evidence  is  forthcoming  from  all  other  localities. 

Much  valuable  evidence  has  been  collected  of  late  years  m  regard  to  the 
duration  of  the  protection  which  vaccination  gives  against  small-pox.  _  This 
evidence  indicates  that  although  the  susceptibility  to  the  operation  ot 
vaccination  returns  comparatively  soon  after  a  primary  vaccination  t  le 
susceptibility  to  smaU-pox  returns  but  slowly;  so  slowly,  m  fact  that  tlie 
power  of  infantile  vaccination  against  attack  by  small-pox  may  be  said  to 
remain  at  least  to  one-half  of  its  original  extent  at  twenty  years  of  age 
On  these  points  the  evidence  given  by  Gayton  before  the  Vaccination 
Commission  (Second  Keport.  p.  245)  is  peculiarly  interesting.  He  found 
that  some  40  per  cent,  of  vaccinated  children  could  be  re-vaccinated  at  the 
age  of  from  six  to  ten  years ;  but  of  vaccinated  children  of  the  same  age 
exposed  to  the  infection  of  small-pox  by  residence  with  cases  of  the  disease 
less  than  10  per  cent,  were  attacked,  though  under  the  same  exposure  no 
less  than  92  per  cent,  of  unvaccinated  children  of  the  same  age  con  racted 
the  disease.    If  we  compare  the  attack-rates  under  exposure  with  tlie 
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fatality  rates  among  attacked  persons  in  successive  age-periods  from  birth 
upwards,  as  shown  by  the  statistics  of  the  great  small-pox  hospitals,  we  find 
:  that  resistance  to  death  by  small-pox  among  the  vaccinated  outlasts  very 
.  considerably  resistance  to  attack  by  small-pox,  and  also  that  the  inclination 
:  to  both  attack  and  death  by  small-pox  is  much  slower  in  course  and  much 
i  less  in  ultimate  amount  in  the  well  vaccinated  than  in  the  badly  vaccinated. 


Ages. 

Vaccinated. 
Good  Marks. 

Vaccinated. 
Imperfect  Marks. 

Said  to  be  Vac- 
cinated. No  Marks. 

Unvaccinated. 

0-5, 
0-10, 
10-20, 
20-40, 
Over  40, 

Case 

Cases.  Deaths.  Mor- 
tality. 
51      0  0-0 
267     2  0-7 
1045    17  1-6 
725    37  5-1 
48     6  12-5 

Case 

Cases.  Deaths.  Mor- 
tality. 
182     21  11-5 
714     48  6-7 
1976     98  5-0 
1898   258  13-6 
266     51  19-2 

Case 

Cases.  Deaths.  Mor- 
tality. 
128     47  36-7 
325     87  26-8 

419  81  19-3 

420  140  33-5 
131     44  33-8 

Case 

Cases.  Deaths.  Mor- 
tality. 
677    383  56-6 
1187    563  47-4 
521    160  30-7 
382    181  47-4 
79     34  43-0 

All  ages. 

2085 

62 

3 

4854 

455  9 

1295 

352 

27 

2169 

938  43 

The  quahty  of  vaccination,  that  is,  the  number,  area,  and  character  of  the 
xicatrices,  has  an  important  bearing  upon  the  degree  and  permanence  of  the 
tprotection  afforded,  as  well  as  upon  the  case  mortality.  The  preceding 
lanalysis  of  10,403  cases  in  the  Metropolitan  small-pox  hospitals,  by 
l^Gayton,  makes  this  point  very  clear. 

Marson  gives  the  following  case  mortality  in  relation  to  the  number  of 
waccine  cicatrices : — 

Case  Mortality 

TT         ■     .  J  (per  cent.). 

Unvaccinated,      .  .  .  .  .  _  35 1 


Stated  to  be  vaccinated,  but  without  cicatrices, 
Having  one  cicatrix. 
Having  two  cicatrices, 
Having  three  cicatrices,  . 
Having  four  or  more  cicatrices,  . 


21| 
7h 
4i 
IS 


Vaccination  is  protective  against  itself  as  well  as  against  small-pox.  Any 
inumber  of  insertions  may  be  made  at  the  time  of  vaccination ;  whether  one 
wesicle  IS  produced  or  a  dozen,  the  protection  is  absolute  for  the  time  being, 
>ibut  all  experience  goes  to  show  that  the  duration  of  the  protection  is  limited, 
and  is  directly  proportionate  to  the  number  and  size  of  the  vesicles  produced. 

or  this  reason  it  is  desirable  to  vaccinate  in  at  least  four  places,  and  the 
ootal  area  of  the  cicatrices  should  not  be  less  than  half  a  square  inch.  As 
me  protective  influence  of  the  primary  vaccination  fades,  a  time  arrives 
rwhen  re-vaccination  becomes  possible.  Very  few  persons  are  insusceptible 
'-0  re- vaccination  after  the  lapse  of  ten  or  twelve  years ;  many  are  susceptible 
mthm  five  years,  although  the  primary  cicatrices  may  be  good.  The  course 
i«  re-vaccmation  m  the  majority  of  persons  is  different  from  that  of  primary 
vaccination,  being  more  rapid,  and  often  failing  to  exhibit  some  of  the 
-ypical  stages.  If,  however,  the  former  protection  has  entirely  disappeared, 
-ne  course  of  re-vaccination  may  be  identical  with  that  of  a  primarv 
vaccination. 

Re-vaccination  renews  in  all  respects  the  immunity  given  by  primary 
i^accmation.  Barry  showed  that  in  the  Sheffield  epidemic  the  re-vaccinated 
waa  a  great  advantage  over  the  rest.    Of  8198  persons  re-vaccinated  prior 
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to  the  epidemic,  twenty-five  were  attacked  and  one  died,  the  attack-rate 
being  therefore  3  per  1000,  and  the  death-rate  0-1.  Among  56,233  persons 
re-vaccinated  during  1887-88,  two  were  doubtfully  attacked,  and  none  died. 

The  incubation  of  vaccinia  being  shorter  than  that  of  small-pox,  it  is 
possible  to  modify  or  even  entirely  prevent  an  attack  of  small-pox  by 
vaccination  performed  some  days  after  infection.  This  is  especially  the 
case  with  re-vaccination,  the  incubation  of  which  is  often  shorter  than  m 
primary  vaccination.  Vaccination,  if  successfully  performed  within  three 
days  after  exposure  to  infection  of  small-pox,  will  prevent  the  appearance  of 
symptoms,  and  in  all  likeHhood  the  attack  will  be  arrested  or  modified  by 
vaccination  if  performed  as  late  as  the  fifth  day.  The  proof  of  this  state- 
ment rests  upon  the  observation  that  attacks  of  small-pox  may  and  do 
occur  within  six  days  of  vaccination  in  persons  who  have  been  many  days 
previously  exposed  to  infection,  but  the  few  attacks  that  occur  between  six 
and  nine  days  after  successful  vaccination  are  mild,  and  practically  none 

commence  later.  in-. 

The  Vaccination  Act  of  1898  requires  that  every  child  shaU  be  vacci- 
nated within  six  months  of  its  birth,  unless  (a)  death  occurs  within  this 
period,  or  Cb)  a  medical  certificate  of  postponement  is  given  on  the  ground 
of  ill-health,  or  of  recent  prevalence  of  infectious  disease  m  the  district  or 
of  the  condition  of  the  house  in  which  the  child  resides,  or  (c)  the  child  is 
attacked  by  small-pox,  or  {d)  three  or  more  unsuccessful  attempts  at  vacci- 
nation have  been  made,  in  which  case  insusceptibiUty  is  inferred,  or  (e)  the  | 
parent  obtains  a  magistrate's  certificate  of  exemption.    Certificates  signed) 
by  a  qualified  medical  practitioner  must  be  produced  m  proof  ot  any  excep- 
tions a,  b,  c,  and  d.    A  certain  number  of  children  are  lost  sight  of  by  the  , 
vaccination  officers,  chiefly  owing  to  migration.    At  the  same  time  it  cannot , 
be  denied  that  wholesale  evasion  of  the  law  is  countenanced  by  the  authon-, 
ties  responsible  for  the  administration  of  the  Vaccination  Acts  and  that^ 
a  result  the  "proportion  remaining  unaccounted  for"  is  annuaUy  increasing  i 
In  1891  the  percentage  of  children  not  finaUy  accounted  for  as  regards 
vaccination,  that  is,  including  cases  postponed,  was  13-4  of  the  total  births 
throughout  the  whole  of  the  country;  the  proportion  of  cases  not  fina  iy 
accounted  for  in  the  metropolitan  returns  for  1891  was  164  per  cent 
in  the  provincial  returns  12-9  per  cent.    Of  the  registered  births  of  the 
twenty-five   years   1872-96,   the   corresponding   proportion   not  finally 
accounted  for  in  regard  to  vaccination  in  each  year  respectively  has  been 
as  follows  : —   . 


Year. 

Metropolis. 

1872 

8-8 

1873 

8-7 

1874 

8-8 

1875 

9-3 

1876 

6 -5 

1877 

7-1 

1878 

7-1 

1879 

7-8 

1880 

7-0 

1881 

5-7 

1882 

6-6 

1883 

6-5 

18S4 

6-8 

Uest  of 
England. 


4-5 
4-2 
4-1 

3-  8 

4-  0 
4-1 
4-3 
4-5 
4-5 
4-3 
4-5 

4-  9 

5-  3 


Year. 


1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 


Metropolis. 


7-0 
7-8 
9-0 

10-  3 

11-  6 
13-9 
16-4 
18-4 
18-2 
20-6 
24-9 
26-4 


Best  of 
England. 


5-  5 

6-  1 
6-7 

8-  2 

9-  6 
10-9 
12-9 

14-  3 

15-  7 
19-0 
19-8 
22-3 


SMALL-POX  AND  VACCINATION. 


699 


The  administration  of  the  Vaccination  Acts  is  not  in  the  hands  of  the 
sanitary  authorities,  but,  subject  to  the  control  of  the  Local  Government 
Board,  is  entrusted  to  the  Poor  Law  Guardians.    Vaccination  may  be  per- 
formed, and  the  certiiicate  signed  by  any  qualified  medical  practitioner,  but 
the  Guardians  must  provide  for  the  gratuitous  vaccination  of  all  children. 
For  this  purpose  Public  Vaccinators  are  appointed,  and  attend  at  certain 
convenient  vaccination  stations  at  fixed  days  and  hours.    Under  the  Act 
of  1898  it  is  no  longer  incumbent  on  the  parent  to  take  the  child  to  the 
;  Public  Vaccinator.    If  the  parent  so  requires,  it  is  the  duty  of  the  PubUc 
V Vaccinator  to  attend  the  chUd  at  its  home.    If  a  child  is  not  vaccinated 
vvithin  four  months  of  its  birth,  the  Public  Vaccinator  is  to  visit  the  home 
md  ofi'er  to  vaccinate  with  glycerinated  calf -lymph  or  such  other  lymph  as 
3he  Local  Government  Board  may  provide.    Public  Vaccinators  are  to  use 
;3nly  glycerinated  calf-lymph  or  other  lymph  supplied  by  the  Local  Govern- 
ment Board,  and  must  keep  registers  from  whicla  the  origin  of  the  lymph 
ased  can  be  identified.    The  instructions  require  the  greatest  care  as  to 
bleanhness  and  sterilisation  of  instruments  used.    "The  Public  Vaccinator 
must  aim  at  producing  four  separate  good-sized  vesicles,  or  groups  of  vesicles, 
laot  less  than  half  an  inch  from  one  another.    The  total  area  of  vesiculation 
■ffesulting  from  the  vaccination  should  not  be  less  than  half  a  square  inch." 
iVaccination  is  successful  when  (a)  in  primary  vaccination  "the  normal 
vaccine  vesicle  has  been  produced,"  (b)  in  re-vaccination  "  either  vesicles, 
laormal  or  modified,  or  papules  surrounded  by  areolae  have  resulted."  Ee- 
yaccination  is  entirely  optional,  but  persons  over  twelve  years  of  age  are 
e:e-vaccinated  gratuitously  at  the  public  stations,  and  if  there  is  immediate 
danger  of  smaU-pox  the  age-limit  is  reduced  to  ten  years. 

Some  people  profess  to  be  much  opposed  to  the  practice  of  vaccination, 
and,  in  support  of  this  view,  allege  that  (1)  vaccination  neither  prevents  nor 
uaiodifies  smaU-pox ;  (2)  that  it  gives  rise  to  other  diseases ;  (3)  that  it  is 
unnecessary,  as  small-pox  is  only  slightly  infectious,  and  can  be  prevented 
iwy  isolation  in  hospitals.  No  one  who  has  studied  the  statistics,  nor  any 
one  who  has  read  the  few  facts  explained  above  as  to  the  real  nature  of  the 
:iJase,  can  for  one  moment  honestly  believe  or  think  that  vaccination  neither 
•prevents  nor  modifies  smaU-pox.  The  truth  is,  vaccination  does  both. 
With  regard  to  the  second  contention,  that  vaccination  gives  rise  to  other 
iiiseases,  much  untruth  has  been  both  written  and  spoken  by  prejudiced 
(persons.  The  facts  appear  to  be  that,  in  a  very  small  percentage  of  cases, 
ejertain  diseased  conditions  have  resulted  either  from  or  in  consequence  of 
iwaccination  having  been  performed.  But  when  these  cases  have  been 
jlosely  inquired  into,  it  has  been  found  that  grave  errors  have  been  com- 
imitted  in  the  performance  of  the  operation,  and  that  due  precautions  had  not 
«been  taken  in  the  choice  of  the  source  of  the  vaccine  lymph.  Considering 
bche  enormous  number  of  vaccinations  that  have  been  performed  during  the 
soast  fifty  years,  it  is  remarkable  how  few  genuine  cases  have  occurred  in  which 
-•lisease  has  in  any  way  resulted  from  the  procedure.  It  is  probable  that  with 
lun  increased  use  of  vaccine  direct  from  the  calf,  and  the  exercise  of  greater 
iare,  the  alleged  risks  of  vaccination  in  this  direction  will  quite  disappear. 
_  coming  now  to  the  third  objection  to  vaccination,  or  the  statement  that  it  is 
*ieedless  because  isolation  is  a  better  preventive  than  it,  we  find  that  on  this 
■^particular  allegation  there  is  practically  no  evidence  at  all.  The  available 
■T^^^^*^  is  based  upon  the  experience  of  Leicester,  in  which  town  isolation 
«  the  small-pox  sick  has  been  very  rigidly  carried  out.  But  this  town  is 
>iot  an  instance  where  isolation  has  been  employed  as  a  substitute  for 
Hraccmation,  because  the  great  bulk  of  the  inhabitants  of  Leicester  have  been 
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vaccinated  at  some  time  or  another,  Avith  the  result  that  the  experience  of 
Leicester  really  only  amounts  to  an  experiment  as  to  the  efficacy  of  isola- 
tion, plus  a  certain  amount  of  vaccination.  Moreover,  the  doctors,  nurses 
and  attendants  of  these  isolated  small-pox  sick  are  all  more  or  less  va„ 
cinated  or  otherwise  protected  individuals,  Avhich  means  simply  that  the 
patient  has  around  him  a  cordon  of  protected  or  insusceptible  people. 
Stirrounded  in  this  manner  with  persons  protected  from  the  disease,  it  is  not 
remarkable  that  diffusion  or  communication  of  the  affection  has  been  small ; 
but  where  the  immediate  attendants  are  not  thus  protected  by  either 
vaccination  or  re-vaccination,  experience  shows  that  isolation  alone,  as  so 
understood,  rapidly  results  in  an  overwhelming  increase  in  the  numbers  of 
those  attacked  with  the  disease,  accompanied  by  an  increased  severity  of 
the  disease  type. 

Tlrere  is  yet  another  interesting  feature  in  the  Leicester  "experiment,"  and 
that  is  the  system  of  "quarantining"  for  small-pox.    In  his  report  upon  the 
outbreak  of  1892-93,  the  Medical  Officer  of  Health  explains  that  by  "quaran- 
tines" are  meant  practically  persons  in  small-pox  infected  houses,  for  it  i 
clear  that  such  inmates  must,  more  or  less,  have  been  exposed  to  the  contagioffi 
He  goes  on  further  to  say  that  "such  persons  may  be  quarantined  (1)  in 
separate  hospital  wards  and  reception  houses  specially  provided,  a  method, 
by  the  way,  I  do  not  recommend,  whether  from  the  point  of  view  of  economy 
or  practicability;  or  (2)  at  their  own  homes,  a  method  I  have  found  satis- 
factory, both  financially  and  otherwise.     The  value  of  quarantining  has 
been  Avell  shown  during  the  Leicester  epidemic,  and  I  have  been  able,  with 
comparative  ease,  by  means  of  my  inspectors,  to  quarantine  hundreds^  a 
persons  at  their  own  homes  and  with  a  success  that  has  been  gratif  jdmf 
both  financially  and  otherwise.     1261  persons  were  quarantined,  and  o: 
these  123  sickened  (that  is  9-7  per  cent.).    Each  infected  house  was  visited 
daily  by  one  or  other  of  the  inspectors  for  fourteen  to  sixteen  days.  Other 
persons  who  had  come  into  contact  with  small-pox  were  also  watched  in  the 
same  way.    These  '  quarantines '  were  strongly  urged— practically  compellec 
—not  to  go  to  work  for  the  whole  or  part  of  their  quarantine  period  of 
fourteen   to  sixteen  days,  and  during  that  time  have  been  made  such 
.monetary  allowances  as  the  Committee  have  thought  fit,  the  sum  advancedl, 
in  each  case  being  no  more  than  sufficient  to  cover  rent  and  maintenance 

It  is  clear  this  is  a  kind  of  compulsion  which  would  not  be  tolerated  to 
any  great  extent,  if  it  be  seriously  thought  that  the  system  might  be  made:o 
general.    In  comparison  with  it,  the  compulsion  of  infantile  vaccination  is  ai 
trifling  interference  with  individual  liberty.  . 

Prevention.— The  most  important  measures  are:  (1)  Vaccination,  {i} 
Isolation  To  these  may  be  added  fixation  of  contagious  matter  by 
smearing  the  skin  with  olive  oil,  vaseline,  or  carbolised  glycerine  to  prevent 
its  diffusion  into  the  air.  All  discharges  from  the  nose,  mouth,  and  els^ 
where  should  be  received  into  vessels  containing  some  disinfectant.  W 
should  be  used  for  wij^ing  the  nose,  &c.,  and  afterwards  burnt. 
clothing,  bedding,  furniture,  and  dwelling-rooms  need  to  be  most  scrupa- 
lously  disinfected.  No  persons  should  be  allowed  near  the  ^^^l;. 
vaccinated;  vaccination  should  be  performed  upon  all  individuals  occupjnng 
the  same  house  in  which  a  case  of  small-pox  has  occurred. 
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Carle  and  Kafctone  were  the  first  to  produce  typical  tetanus  in  animals, 
1 J  to  show  it  to  be  a  communicable  disease.  This  they  succeeded  in  doing 
\  inoculating  rabbits  with  pus  taken  from  the  idceration  of  a  human 
iiig  in  whom  tetanus  had  set  in ;  infection  of  a  second  animal  with  the 
:;itic  nerve  of  the  first  produced  the  same  result,  but  inoculations  of  the 
Inod  were  negative.  ISTicolaier  made  the  important  discovery  that  gardeA 
rth  is  often  capable  of  producing,  when  inoculated  into  the  subcutaneous 
sue  of  the  mouse  or  rabbit,  a  local  suppuration  and  hsemorrhagic  effusion 
lOut  the  seat  of  inoculation,  rapidly  followed  by  typical  tetanus  and  death. 

•  the  seat  of  inoculation  fine  bristle-shaped  bacilli  were  found ;  these  were 
en  swollen  at  one  end.  If  the  garden  earth  was  previously  sterilised  by 
iting  it  to  110°  C,  then  no  effect  followed.  Rosenbach  was  the  first  to 
monstrate  that  the  same  bacdli  exist  in  the  exudation  at  the  place  of 

i faction  in  human  tetanus,  and  that  tetanus  was  produced  and  propagated 
rough  a  series  of  animals  by  inoculation  of  matters  taken  from  near  the 
oculated  place.  Hochsinger,  Beumer,  Peiper,  and  many  others  confirmed 
existence  of  these  bacilli  in  tetanus,  and  even  succeeded  in  producing 
le  disease  in  animals  with  them  by  the  aid  of  foreign  bodies,  yet  these 
iltures  were  always  in  an  impure  state.  The  first  pure  cultivations  of  the 
tanus  bacilli  were  obtained  by  Kitasato. 

The  tetanus  bacilli  are  slender  bristle-like  rods,  having  circular  spores  at. 
16  end,  and  possessing  but  little  power  of  automatic  movement.  They 
(?  strictly  anaerobic,  and  withstand  a  tolerably  high  temperature — about. 

C. — without  losing  their  pathogenic  power,  but  growth  takes  place 
St  at  37°  C.    The  fact  that  the  spores  can  be  subjected  to  a  high 
■mperature  without  losing  their  vitaUty  enabled  Kitasato  to  obtain  pure 
iltures  of  the   tetanus  bacillus,  since  the  other  bacilli  cultivated  or- 
iwing  along  with  them  are  destroyed  at  a  temperature  of  80°  C.  A 
ice  of  pus  or  exudation  from  a  patient  suffering  from  tetanus  is  smeared 
I'on  serum  solidified  in  a  slanting  position,  or  upon  agar,  and  the  cultures. 
I  made  incubated  for  forty-eight  hours  at  37°  C.    They  are  next  trans- 
ired,  for  from  half  an  hour  to  an  hour,  to  a  water-bath  heated  to  80°  C, 
I  order  to  kiU  all  the  micro-organisms  except  those  which  have  spored.  A 
op-full  is  then  added  to  glucose-gelatine,  and  roll-cultures  are  made  in  the 
ual  way  and  kept  in  an  atmosphere  of  hydrogen  at  22°  C. ;  after  five  days 
in  cultures  are  ready  for  examination.    Kitasato  compares  the  colonies  in 
latme  plates  to  those  of  B.  subtilis.    They  consist  of  a  thick  centre,  with 
loots  radiating  out  on  aU  sides.     If  an  infection  is  made  with  a  pure 
ilture,  the  bacilli  are  found  only  on  the  site  of  inoculation  and  in  its 
iimediate  neighbom-hood. 
The  more  exact  researches  of  recent  years  indicate  that  the  introduction 
tetanus  bacilli  under  the  skin  is  followed  by  the  production  by  them  of  a 
"iraical  virus,  which,  as  it  is  being  produced  at  tlie  seat  of  inoculation,  is 
•'^orbed  into  the  system  and  has  an  elective  action  as  a  stimulant  of  the 
'inal  cord ;  but  the  bacilli  themselves  remain  limited  to  the  seat  of  inocula- 
on  and  do  not  enter  the  blood  or  any  other  tissue.    The  chemical  com- 
'■^ition  of  the  poison  is  not  yet  known. 

Behring  and  Kitasato  have  shown  that  the  blood  of  a  rabbit  (previously 
'^de  insusceptible  to  tetanus)  injected  into  a  mouse,  otherwise  susceptible 

•  tetanus,  neutraUses  in  tliis  latter  the  action  of  the  tetanus  bacillus 
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Tizzoni  and  Cattoni  have  gone  further  than  this  by  showing  that  the  blood- 
serum  of  animals,  made  previously  insusceptible,  Avhen  injected  into  animals, 
possesses  a  decided  anti-toxic  action.  From  such  blood-serum  _  a  tetanus 
anti-toxin  can  be  prepared,  which  is  effective  in  neutralising  the  virus  of  the 
tetanus  bacilli. 

Several  cases  are  on  record  in  which  tetanus  seems  to  have  been  conveyed 
by  the  hands  or  instruments  of  the  surgeon,  especially  veterinary  surgeons. 
One  of  the  most  striking  of  these  is  related  by  Langer,  in  which  the  horses 
castrated  by  the  same  ecraseur  died  of  tetanus,  but  after  bodmg  the 
instrument  in  oil  no  others  died  or  were  affected  from  its  use.  Numerous 
cases  are  on  record  of  the  occurrence  of  this  affection  following  wounds  and 
iniuries  in  man,  the  common  feature  of  which  has  been  contamination  by 
dirt  dust  or  soil.  In  view  of  this  fact,  that  tetanus  is  produced  by  a  micro- 
orcranism'to  be  found  in  dust,  dirt,  and  adhering  to  foreign  substances,  the 
su?geon  will  naturally  take  the  greatest  care  to  keep  wounds  and  other 
iniuries  free  from  such  contaminating  influences.  Save  m  the  way  of  dis- 
seminating information  on  these  points  among  the  public  at  large,  tetanus  is 
a  malady  against  which  the  sanitary  officer  can  do  but  little.  He  may, 
however,  point  out  that  the  discharges  from  such  wounds  should  be 
collected  on  clean  rags  or  similar  materials,  Avhich  can  be  either  disinfected 

or  burned.  .  n 

From  the  frequency  with  which  tetanus  is  met  with  among  grooms  and 
others  much  in  association  with  horses,  some  writers  have  endeavoured 
to  establish  an  etiological  connection  between  horses  and  man  in  respect 
of  this  disease.    The  doctrine  of  an  equine  origin  of  tetanus  has  as  tew 
facts  to  support  it  as  has  the  view  that  chiUs,  exposures  to  extremes  of  heat 
or  cold  and  other  climatic  or  meteorological  conditions  are  the  cause  ot  the  » 
disease.    That  tetanus  is  frequent  amongst  those  injured  by,  or  m  intimate  ^ 
association  with  horses,  mules,  and  other  quadrupeds,  is  probably  to  be  I 
explained  by  the  simple  fact  that  such  injuries  and  associations  commonly  » 
Svolve  contamination  by  earth  or  soil,  a  medium  which  we  know  to  be  f 
particularly  favourable  to  the  specific  baciUus.  .  ^ 

^  Prevention.-Extreme  cleanliness  in  regard  to  aU  wounds,  cuts  or 
lacerations,  especially  with  a  view  to  avoiding  access  of  soil  or  any  land  ot 
dirt  thereto. 

TUBERCULOSIS. 


This  is  a  diseased  condition  which  occurs  m  man  m  a  variety  of  different 
forms  the  most  familiar  being  phthisis,  scrofula,  lupus,  tabes  mesenteri^ 
rnTmeningTtis.  Tuberculosis"  is  not  limited  to  the  human  race ;  it  is  very 
rommon  among  oxen  and  cows  as  a  disease  laiown  as  "grapes";  it  also 
XTs  Digs  as  well  as  fowls,  rabbits,  and  guinea-pigs.  Though  there  is  eve  y 
fion  t?beneve  that  tubercular  disease,  especially  phthisis,  has  occui^e^^^^^^ 

SI^Ss^s  is^alnly  i^re  common  in 

comron  'Tor  t^^^^^^         the  predisposing  causes  are  much  more  important 
'^t.n^^^^Ve^^^  generaUy.  tuberculosis  is 
Hiore  prevent  in  temperate  climates,  especiaUy  in  the  more  populous  pax^ 
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if  such  countries.  Neither  hot  nor  cold  climates  are  exempt,  but  humidity, 
■specially  if  the  daily  range  of  temperature  is  high,  is  frequently  associated 
with  the  prevalence  of  pulmonary  tuberculosis  or  phthisis.  Cold,  and 
specially  Arctic,  countries  suffer  comparatively  little  as  a  rule,  and  the 
'xceptions  are  mostly  explicable  by  social  conditions  involving  overcrowding 
ind  want  of  ventilation.  Other  things  being  equal,  elevated  and  mountainous 
regions  are  less  affected  than  lowlands,  owing,  probably,  to  the  greater 
Iryness  and  purity  of  the  air  and  soil,  and  the  deeper  and  fuller  respiratory 
movements. 

As  regards  the  influence  of  season,  in  this  country  deaths  from  tuber- 
■ulosis,  as  evidenced  by  the  phthisis  mortality,  are  most  frequent  in  March 
md  April,  and  least  so  in  September  and  October.  The  seasonal  curve  of 
luortahty  is  therefore  later  than  in  the  ordinary  respiratory  diseases,  and 
-erves  really  to  indicate  seasonal  conditions  accelerating  death  rather  than 
lu'imarily  inducing  what  is  generally  a  disease  of  long  and  uncertain  course. 

Influence  of  Race,  Sex,  and  Age.— Jews  are  said  to  enjoy  a  relative 
immimity  from  tubercular  disease,  but,  speaking  generally,  no  race  is 
'xempt.  The  coloured  races  seem  to  suff'er  much  from  phthisis,  particularly 
if  they  change  their  natural  and  primitive  habits  of  life  for  the  conditions 
associated  with  a  higher  civilisation ;  this  is  all  the  more  marked  if  such 
■hanged  mode  of  life  is  synchronous  with  migration  to  a  colder  and  more 
■mperate  climate. 

The  influence  of  sex  is  very  marked.  In  proportion  to  their  numbers, 
males  suffer  a  higher  phthisis  mortality  than  females  at  all  ages,  except 
between  5  and  25  years.  As  regards  age,  deaths  registered  as'  due  to 
phthisis  faU  from  the  first  to  the  fifth  year :  after  the  age-period  5-10,  they 
increase  up  to  the  age-period  25-35,  subsequently  to  which  they  steadily 
lecrease.  Tubercular  meningitis  is  most  common  between  the  third  and 
sighth  years  of  life,  but  tabes  mesenterica  is  commonest  at  an  earlier  ao'e, 
namely,  from  one  to  three  years.  °  ' 

Mortality. — It  is  a  matter  of  common  knowledge  that  tubercular  disease 
occasions  an  enormous  mortality.  Owing,  however,  to  the  uncertainty 
^vhich  attaches  to  the  actual  cause  of  many  of  the  deaths,  especially  amono- 
chddren,  ascribed  to  tuberculosis,  it  is  very  diflicult  to  ascertain  accurately 
the  extent  of  this  mortahty.  It  is  generaUy  estimated  that,  among  civihsed 
immunities,  at  least  one-seventh  of  the  total  mortality  is  due  to  tuberculosis 
in  some  form  or  anothej.  The  two  foUowing  tables  give  the  chief  figures 
IS  to  mortality  of  tubercular  diseases  in  England  :  


Frngland  and  Wales— Mortality  from  Phthisis,  other  Tubercular  Diseases 
and  Diseases  of  Respiratory  Organs  per  mUlion  Persons  living  at  all  Ages. 


1871-80. 

1881-90. 

1891-95. 

1896. 

1897. 

1898. 

Phthisis,  .... 
Other  tubercular  diseases,  . 
Diseases     of  respiratory 
system,  .... 

2116 
747 

3899 

1724 
696 

3729 

1464 
660 

3747 

1307 
685 

3034 

1341 
589 

2953 

1317 
415 

2919 

704 


THE  INFECTIVE  DISEASES. 


Mortality  from  Phthisis  in  Groups  of  Years,  per  million  of  each  Sex  living  at 

each  Group  of  Ages. 


10 


15 


20 


25 


35 


45 


55 


65 


75  ai 
UpwM 


Males. 


1851-60 
1861-70 
1871-80 
1881-90 
1891-96 
1897 
1898 


2579 
2467 
2209 
1847 
1598 
1532 
1514 


1329 
990 
783 
553 
450 
421 
419 


525 
431 
340 
253 
182 
145 
144 


763 
605 
481 
342 
242 
200 
184 


2399 
2190 
1675 
1287 
1023 
940 
910 


4052 
3883 
3092 
2333 
1977 
1858 
1789 


4031 
4094 
3699 
3024 
2487 
2254 
2318 


4004 
4166 
4120 
3562 
3209 
3087 
3050 


3830 
3861 
3860 
3488 
3172 
3124 
3189 


3331 
3297 
3195 
2916 
2678 
2698 
2675 


2389 
2024 
1924 
1816 
2024 
1509 
1632 


Females. 


1851-60 
1861-70 
1871-80 
1881-90 
1891-96 
1897 
1898 


2774 
2483 
2028 
1609 
1259 
1162 
1131 


1281 
947 
750 
518 
397 
326 
356 


620 
477 
375 
327 
244 
210 
201 


1293 
1045 
846 
699 
523 
415 
389 


3516 
3112 
2397 
1800 
1361 
1212 
1161 


4288 
3967 
3140 
2315 
1696 
1607 
1558 


4575 
4378 
3543 
2787 
2077 
1896 
1838 


4178  I  3121 
3900  2850 


3401 
2730 
2248 
2120 
2058 


2464 
2053 
1693 
1601 
1585 


2383  1635 
2065  !  1239 
1777  i  1093 


1512 
1270 
1245 
1259 


974 
790 
848 
697 


921 
65 
60 
68 
65 
67 
56 


71 
44 
40 

39r 
35 
33 
38 


From  these  tables  it  is  gratifying  to  be  able  to  note  both  a  relative  and 
absolute  diminution  in  the  deaths  recorded. 

Etiology  —Even  by  the  older  physicians,  tuberculosis  was  regarded  as  an. 
infectious  disease,  but  it  was  not  until  Koch  discovered  the  tubercle  bacillus 
that  this  conception  of  its  nature  was  very  generally  recognised.   The  tubercle 
baciUi  in  human  tubercle  are  dehcate  cylindrical  rods,  measuring  from  I'S 
to  4  M  •  many  are  straight,  with  rounded  ends,  but  others  are  slightly  curved. 
When 'stained,  the  protoplasm  of  the  bacilli  appears  segregated  into  deeply 
stained,  cubical,  spherical,  or  rod-shaped  granules;  between  the  granules  the 
sheath  is  empty,  but  these  empty  places  are  not  to  be  taken  for  bright 
spores  nor  is  it  proved  that  the  bright  granules  are  spores.  Tubercle 
bacilli'  can  retain  their  vitality  for  a  long  time  outside  the  body,  and  this  is 
the  chief  argument  in  favour  of  the  bacilli  containing  spores,  though  their 
resistincr  power  is  considerably  less  than  that  of  most  spore-bearmg  bacilh. 
Dried  phthisical  sputum  has  been  found  to  contain  virulent  bacilli  alter 
two  months:  and  tubercle  bacilli  when  completely  dried  can  resist  a 
temperature  of  100°  C.  for  an  hour,  but  exposure  in  the  moist  condition  to 
70°  C  for  the  same  time  is  usually  fatal.    In  bovine  tubercular  matter  the 
bacilli  are,  as  a  rule,  shorter  and  thinner,  but  are  in  every  ^e^f  ct  iden  ical 
wTth  the  human  species,  these  minute  differences  being  reaUy  differences 
due  to  the  different  soils  on  Avhich  the  bacilli  were  reared. 

Tubercle  baciUi  show  definite  characters  in  cultivation.  On  blood-serum, 
after  ten  to  fourteen  days,  these  bacilli  show  ^^^niselves  m  the  fom 
whitish  points  and  patches,  resembling  dry  scales.  In  broth,  the  gro;^^^  is 
very  limLd  ;  but  by  the  addition  of  6  per  cent,  of  glycernie  m  meat  bro^ 
the  tubercle  bacilli  c'an  be  brought  into  rapid  and  extensive  multiplication. 
Tbp  bacilli  will  not  grow  below  30°  C.  or  above  42  U.  ,  .  .  ^.  , 
^  Koch  has  shown  that  by  subcutaneous  or  intra-vascular  "^Jectioii^  by 
inhalation,  and  by  inoculation  into  the  peritoneum  or  the  anterior  chamber 
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if  the  eye,  &c.,  of  artificial  subcultures  removed  by  many  generations  from 
he  original  source,  typical  tuberculosis  is  produced  in  all  animals  susceptible 
0  tubercle  (guinea-pigs,  rabbits,  dogs,  rats,  and  mice),  and  that  the  tubercular 
leposits  in  these  experimental  animals  again  contain  abundantly  the  tubercle 
)acilli ;  thus,  the  final  and  exact  proof  that  the  tubercle  bacilli  are  the  true 
■ause  of  the  tubercvdar  process  is  definitely  established. 

The  discovery  of  the  tubercle  bacillus,  although  a  matter  of  the  highest 
inportance  and  of  the  greatest  scientific  value,  by  no  means  exhausts  the 
etiology  of  tuberculosis.  Admitting,  however,  the  constant  presence  of  the 
•acillus,  we  have,  as  in  other  specific  diseases,  to  determine  the  power  of 
■esistance  of  the  tissues  to  its  invasion,  and  to  note  various  other  conditions 
IS  being  also  requisite  for  the  production  of  the  phenomena  which  we 
■ecognise  as  tubercular  disease.  In  the  case  of  tuberculosis  this  is  pre- 
■mmently  true,  and  these  other  conditions  or  so-called  predisposing  causes 
nust  be  regarded  as  having  an  importance  hardly  second  to  the  micro- 
irganism  itself. 

Of  these  predisposing  causes,  the  most  effectual  is  the  fact  of  parents 
lavmg  suffered  from  the  same  disease,  which  we  state   abstractly  as 
lereditarij  disposition  or  diathesis.    As  regards  direct  contagion,  it  must  be 
onfessed  that  clinical  observation  is  altogether  opposed  to  the  idea  that 
lirect  infection  from  another  patient  is  at  all  common  in  the  etiology  of 
ubercular  diseases.    "Flugge  and  his  pupils  have  carefully  investigated  the 
node  of  dissemination  of  the  virus  of  tubercle,  and  conclude  that  infection 
vith  dry  powdered  sputum  is  undoubtedly  possible,  but  seldom  happens, 
)ecause  the  very  finest  dust  particles  suitable  for  aerial  convection  are  only 
lenved  from  perfectly  dried  sputum,  and  then  in  smaU  quantities  only, 
nfection  may  occur  in  places  where  phthisical  sputum  is  dried  on  the  floor 
T  furniture,  and  where  the  air  is  visibly  laden  with  coarse  dust,  whether 
3  the  result  of  dry  cleansing  of  the  place  or  of  active  work  carried  on  by 
arge  numbers  of  people  (workshops),  or  by  prolonged  mechanical  shaking 
railway  carriages).    Even  under  these  circumstances  the  sojourn  must  be 
)rolonged  and  continuous  in  order  to  afi^ord  much  likelihood  of  infection 
i^casional  expectoration  in  the  pocket  handkerchief  does  not  apparently 
ucrease  the  danger  of  infection."    Fliigge  considers  that  infection  may  be 
aused  by  the  dissemination  of  minutest  baciUus  containing  droplets  in  the 
ct  of  coughing.    Droplets  are  abundant  within  50  centimetres  of  the  mouth 
Uulst  beyond  IJ  metres  they  are  rare;  hence  "continuous  association  with 
lequent  close  approximation  as  in  the  case  of  married  couples,  nurses, 
rowded  workshops,  &c.,  will  greatly  increase  the  hkelihood  of  infection, 
.  nereas  mere  occasional  visits  and  conversation  at  a  distance  of  not  less  than 
metre  reduce  the  probabUity  almost  to  nil."    Some  very  striking  evidence 
n  this  point  has  been  collected  from  the  experiences  and  after  histories  of 
lie  resident  staff  and  personnel  of  the  Brompton  Hospital,  which  distinctly 
iiaicates  that  phthisis  does  not  commonly  spread  from  a  patient  to  those  in 
ntimate  contact  with  him.    At  the  same  time,  tliere  can  be  no  doubt  that 
'iHUisis  can  spread,  and  actually  does  spread  at  times  by  infection  from  case 
case.    In  Italy  consumption  has  always  been  regarded  as  a  contagious 
'sease.    I  hat  it  is  not  readily  communicated  is  certain,  but  it  does  seem 
oe  so  under  certain  favourable  conditions,  as  in  the  case  of  husband  and 
lie  and  other  persons  living  in  close  and  habitual  contact.     The  dry 
'icum  of  phthisical  persons  preserves  the  bacillus  for  a  long  time,  and  in 
'Avaed  towns  there  must  be  abundant  opportunities  of  infection  from  so 
'Juimon  a  disease. 

Among  other  conditions  influencing  tuberculosis,  elevation  and  dampness 
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of  soil  play  an  important  part ;  reference  to  this  aspect  of  the  subject  has 
already  been  made  on  page  494.  To  these  predisposing  factors  must  be 
added  wani  of  sufficient  food,  especially  want  of  the  fatty  elements,  and  the 
breathing  of  impure  air. 

The  habitual  breathing  of  air  rendered  impure  by  overcrowding  or  by 
defective  ventdation  may  and  probably  does  act  in  two  ways:  trst, 
indirectly  by  weakening  the  resistance  of  the  tissues,  and  secondly,  directly 
by  increasing  the  chance  of  infection.  Strictly  speaking,  overcrowding  and 
defective  ventilation  are  not  convertible  terms  ;  but  in  practice  we  scarcely 
ever  meet  one  of  them  apart  from  the  other.  The  proof  that  impure  air 
is  a  cause  of  phthisis  rests  mainly  upon  the  evidence  of  statistics  as 
to  the  frequency  of  the  disease  among  soldiers,  artisans,  and  inmates  ot 

^'"'ITregards  soldiers,  a  Eoyal  Commission  upon  the  Sanitary  Condition  of 
the  Army,  which  reported  in  1858,  brought  to  light  the  fact  that  tlie  death- 
rate  from  consumption  in  all  branches  of  the  service  was  m  excess  of  that  of 
the  civil  population  of  large  towns,  and  that  overcrowding  had  extensively 
prevailed  in  the  barrack  rooms.  The  overcrowding  had  been  greatest  among 
the  Foot  Guards,  and  in  that  branch  of  the  service  the  phthisis  mortality 
had  been  highest.  During  the  ten  years  1837-46  it  was  1-9  P-  1000  o 
strength.  For  the  seven  years  1864-70  it  had  been  reduced  to  2  3^  The 
mean  of  the  phthisis  mortality  in  the  Army  at  home  for  the  years  1837-46 
was  7-89  per  1000  of  strength;  since  tbe  adequate  provision  of  cubic  space 
and  ventdation,  this  death-rate  in  the  home  army  has  lessened  e^o^^^^^ly; 
for  the  year  1898  the  mortality  from  phthisis  m  the  British  Army  at  home 
was  as  low  as  0-463  per  1000  of  strength.  Similar  experience  is  affoided 
the  health  history  of  the  Navy,  and  by  that  of  the  occupants  of 

^"Ts'to  workmen  we  have  abundant  evidence,  the  general  tenor  of  wliich  !j 
in  the  words  of  Sir  John  Simon,  indicates  that  "in  proportion  as  the  mde  .  . 
and  f  emale  populations  are  severally  attracted  to  indoor  ^--^^^^^f  ^^^^^^^  . 
m  such  proportion,  other  things  being  equal,  their  respective  death-rates  by  ^ 
tubercutosis  and  lung-disease  are  increased."    But  the  permcious  effects  of 
JeSwe  ventilationras  favouring  phthisis,  are  not  only  due  o  the  accumula- 
tion     the  air  of  the  products  of  respiration  (includmg  tubercle  baciUij, 
exhaktions  from  the  body,  and  products  of  imperfect  combustion  Expen. 
e^ce  lows  that  the  loading  of  the  atmosphere  of  mmes  factonej  and 
workshops  with  special  kinds  of  dust  produced  m  different  trades  is  also 
IpowS  indirect  cause  of  pulmonary  tuberculosis.    The  ability  for  harm 
y  these  dusts  is  apparently  largely  dependent  upon  their  h^rdn  ^^/^^ 
r^cn^aritv  as  favouring  a  catarrhal  or  mechanicaUy  injured  condition  of  the 
Wg  of  the  lungs,  and  thereby  facilitating  the  entrance  and  actnaty 

X  nf  close  barrack  rooms  and  dormitories.    In  the  liglit  oi  ovu  1 1 
tie  Iltentoy  canal.    It  has  ahead,  been  stated  that  cattle  suffe.  m  con 
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siderable  numbers  from  tuberculosis,  and   that,  notAvithstanding  slight 
morphological  differences  between  the  respective  bacilli,  we  may  regard  the 
liuman  and  bovine  diseases  as  identical.    It  is  notorious  that,  apart  from 
implication  of  the  flesh,  tuberculosis  of  the  udder  in  the  form  of  softening 
nodules  is  not  uncommon  in  milch  cows.    Such  being  the  case,  the  danc^e? 
to  man  as  regards  cattle  is  a  double  one,  for  infection  may  occur  both  by  the 
ingestion  of  flesh  and  milk.    It  is  now  universally  acknowledged  that  the 
flesh  of  animals  suffering  from  tuberculosis  in  a  severe  form,  with  fever  and 
emaciation,  ought  to  be  absolutely  condemned  as  unfit  for  human  food 
and  ought  not  to  be  given  to  carnivorous  animals,  but  destroyed,  though  in 
America  it  is  allowed  to  be  converted  into  manure.    Differences  of  opinion 
arise  when  we  have  to  deal  with  animals  who  have  not  yet  suffered  in  con- 
dition, and  m  whom  the  disease  is  limited  to  certain  viscera.  Martin's 
evidence  before  the  recent  Royal  Commission  on  Tuberculosis  shows  that 
there  is  danger  even  m  these  minor  cases,  but  that  it  is  a  danger  which  may 
l.e  obviated.    He  adduced  strong  evidence  that  the  flesh  itself  is  not  infec- 
tious, but  that  It  may  be  rendered  so  by  the  process  of  cutting  up  and 
preparing  the  joints  for  sale.    A  knife  used  for  cutting  into  tuberculous 
viscera  or  lymphatic  glands  wiU  become  covered  with  infective  matter,  and 

\  I  "fi^  i^'^'w^'l^^^^  ^        i-eal  danger 

.  further  shown  by  Woodhead's  experiments  on  the  effects  of  cookino-  He 
ound  that  If  tuberculous  matter  were  smeared  on  a  piece  of  meat  whfch  was 
len  tightly  rolled  up,  as  is  done  with  the  roUs  of  meat  sold  by  butchers, 
he  mfective  matter  was  not  destroyed  by  roasting,  baking,  or  boiling,  though 

boilmg  was  more  effective  than  baking,  and  baking  than  roasting.  There  is 
his  further  element  of  danger,  as  pointed  out  by  the  Commission  that 
ubercu bus  matter  from  a  diseased  carcass  ma/  be  conveyed  b;  the 
utcher  s  hands  and  knives  to  the  meat  from  perfectly  healthy  animals  cut 

up  subsequently  m  the  same  place  and  with  the  same  tools 

V\^ith  regard  to  milk,  the  Royal  Commission  found  that  the  milk  of  a 

^uberculous  cow  is  not  virulent  except  when  the  udder  is  the  seat  of  tubei^ 
. bus  esions.    Unfortunately,  the  diagnosis  of  the  nature  of  the  lesions  of 

tclns     ThrCo"'*  -"^'^  may  be  made  rboth 

tuberc^^^  Commissioners  express  a  hope  that  the  weU-considered  use 

t  tuberculin  m  a  herd  may  give  valuable  aid  in  picking  out  the  diseased 
.nimals,  even  those  as  yet  in  the  earliest  stages  of  the  disease 

Ihe  foUowing  are  the  final  conclusions  of  the  Commissioners  :-"Provided 
d  provided        f 'fv'  1  ^-tter  be  avoided  and  destroyed, 

tulf '  f !  ^?  contamination  by  such  matter  the 

»  dTnarv  n.n     ^  tuberculosis  may  be  eaten  Avithout  risk  to  the  consumer. 

n   rsurf^^^^^^        of  cooking  apphed  to  meat  Avhich  has  got  contaminated 

oZ  1  r^^^i^  *°  q-^ality.  They 

u  ercuC^^  P^^^^  °f  contained 

nercubus  ^natter  in  its  deeper  parts.    The  boiling  of  milk,  even  for  a 

J  S  Jot         'f'^^  —        W  dangerous  q^Ht; 

'•e  !vScrof"^vf  ^'v  ^™P°^ i«  the  provision  of  proper  ventilation, 
mnll  il  ^  °^c^crowding,  and  m  certain  trades  the  provision  of  an  air 
'ttlf  Z!"^^  T'^''^".  P^^*^^^^«-    N^'^t  is  the  maintenance  of  a  propei 

'im;tes  combineTwftb  nl       P^f^^P°^^^^  P«^'^°^«  ^^'^^  damp  soils  and 
The\nn?.    f  w  th  plenty  of  exercise  in  the  open  air. 
ne  sputa  of  phthisical  patients  should  be  carefully  collected  and 
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destroyed.  Patients  should  be  urged  not  to  spit  about  carelessly,  but 
always  use  a  spittoon,  or  one  of  the  portable  cups  now  on  sale  If  tuber- 
cu  J  sputum  is  not  burnt  or  boiled  it  should  be  disinfected  All  handker- 
chiefs should  be  well  boiled,  or  better  still,  smaU  rags  used,  which  should 
be  burnt  immediately  afterwards.  All  tuberculous  persons  shou  d  occupy 
single  beds.    Eooms,  bedding,  and  furniture  used  by  the  tubercular  should 

A  mostlmportant  general  prophylactic  measure  rdates  to  the  inspection 
of  dairies  and  slaughter-houses  for  the  detection  of  tuberculous  animals,  and 
LTantinc.  of  full  powers  to  inspectors  to  confiscate  all  suspected  animals 
In^cTcaTses.  SlauW-g  and  dressing  should  be  ^^^J^f, 
sunervision  with  the  object  of  securing  the  removal  and  destruction  ot 
everVpaTk^^^  that  contains  any  tubercle  .whatever,  and  also  the 

desLuction  of  the  whole  carcass  in  cases  where  animals  are  found  to  have 

nTmi^klwd^^^^^^^^^  that  to  be  used  by  young  cHldren. 

A  mother  with  tuberculosis  should  not  suckle  her  child. 

TYPHUS  PEVER. 

Historically,  this  disease  is  next  iii  importance  to  the  true  or  Oriental 
Plamie  Ts  tl  e  common  pestilence  which  has  accompanied  and  foUowed 
Som  t  re  elrl^  times^  Most  probably  the  plague  of  Athens,  recorded 
rXhucydide^  was  what  we  now  call  typhus.    This  name  now  in  use  w^ 

ifpEX<'  ^Iftl^ri^rn  Sn  t^-m,  ''typhus  exanthematicus "  or 
''^Sh  h^G;Iat  Britain  and  Ireland  this  disease  has  prevailed  ^vith  great 

so  unta  recent  years  mLond„,,    A'  »  JP'^'^^^^^^^^  ""^^rContiuent  and 

armies,  especially  4"™B.'"rthf  slTof^^^^^^^^^  ^  ^ 

XZZ^~t:TlTZiT,...^^^^^^  'it  is  not  u— 

ship,  and  in  1867  by  the  same  '^--'^ j/,^,^^':' l,„„g  animals:  hut 

never  estabhshed  itself  theie.    J-YP  iniections  of  blood  taken  from 

*^SeS°orot,°atnnd  Season.-The  disease  is  essentially  one  of 
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temperate  and  cold  climates,  but  by  no  means  unknown  in  many  warm 
coimtries,  such  for  instance  as  Mexico,  Peru,  Persia,  IN'orth  China,  and 
Algeria,  where  it  usually  occurs  at  considerable  elevation.  In  England  both 
the  prevalence  and  mortality  of  typhus  have,  on  the  whole,  been  greater  in 
the  winter  and  spring  than  in  summer  and  autumn ;  but  there  is  a  less 
constant  relation  to  season  in  respect  of  this  disease  than  is  the  case  with 
several  of  the  other  epidemic  and  infective  maladies. 

Influence  of  Race,  Age,  and  Sex.— I^o  race  is  exempt  from  typhus,  but 
the  influence  of  class  and  circumstances  is  shown  by  the  especial  incidence  of 
the  disease  upon  the  poor  and  those  living  under  relatively  unwholesome 
conditions. 

No  age  is  exempt,  but  the  susceptibility  to  attack  is  greatest  between 
the  ages  of  10  and  20.  The  mortality  from  typhus  increases  from  child- 
hood to  about  50  years  of  age,  and  then  declines  somewhat.  Murchison 
gives  the  case  mortaUty  of  the  higher  ages  as  35-39  in  persons  between  30 
and  40 ;  43-48  in  persons  between  40  and  50;  53-87  in  those  between  50 
and  60 ;  and  67*04  per  cent,  in  those  over  60.  During  the  first  five  years 
of  life  the  fatahty  is  about  6-7  per  cent.,  from  5  to  10  years  it  falls  to 
3-6,  between  10  and  15  it  is  not  more  than  2-3,  Avhile  from  15  to  20  years 
of  age  it  rises  to  about  4-5  per  cent. 

Although  sex  appears  to  have  little  influence  upon  liability  to  attack,  the 
actual  fatality  is  usually  somewhat  greater  for  males  at  all  ages  taken 
together,  than  for  females.  Of  18,268  cases  of  typhus  at  all  ages  admitted 
into  the  London  Fever  Hospital,  18-9  per  cent,  ended  fatally,  or  a  male 
fatality  of  19-6  per  cent,  of  attacks,  and  a  female  fatality  of  18-2  per  cent, 
^lurchison  points  out  that  these,  being  hospital  cases,  were  doubtless 
above  the  average  as  regards  severity,  and  he  gives  10  per  cent,  as  a 
general  estimate  of  typhus  fatality ;  but  this  naturally  varies  in  different 
epidemics. 

Mortality.— The  following  figures,  taken  from  the  Annual  Reports  of  the 
Ptegistrar-General,  sufficiently  indicate  the  more  recent  history  of  typhus 
fever  in  England  and  Wales. 


Year. 

Death-rate 
per  million 
living. 

Year. 

Death-rate 
per  million 
living. 

Year. 

1 

Death-rate 
per  million 
living. 

Year. 

Death-rate 
per  million 
living. 

1874 

74 

1881 

21 

'  1887 

8 

1893 

5 

1875 

62 

1882 

36 

1888 

6 

1894 

4 

1876 

48 

1883 

33 

1889 

5 

1895 

2 

1877 

45 

1884 

12 

1890 

5 

1896 

2 

1878 

36 

1885 

12 

1891 

5 

1897 

2 

1879 

21 

1886 

9 

1892 

3 

1898 

1 

1880 

21 

1 

Etiology.— No  materies  morbi  has  yet  been  detected,  though  there  can 
be  little  doubt  of  its  existence.  It  probably  gains  entrance  in  most  cases 
by  the  breath:  the  contagion  is  very  sure,  but  is  readily  diluted  and 
dissipated,  and  probably  not  very  persistent.  The  incubation  period  is 
variously  stated  from  six  to  fourteen  days,  but  there  appear  to  be  some  well- 
authenticated  cases  in  which  it  was  not  more  than  from  two  to  five  days. 
As  regards  the  period  of  infectiveness,  it  is  impossible  to  speak  with  any 
certainty.  The  general  opinion  is,  that  the  infection  is  comparatively 
Slight  during  the  first  week,  but  that  the  disease  is  most  contagious  from 
the  end  of  the  first  week  up  to  convalescence.    This  implies  that  it  will 
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probably  not  be  safe  to  allow  a  patient  to  mix  with  others  in  less  time  than 
a  month  from  the  date  of  attack.    In  some  cases  a  longer  period  of  isolation 

may  be  necessary.  .        ,  ,•  ,  j 

That  typhus  passes  directly  to  other  persons  from  the  sick  is  established 
by  the  clearest  possible  evidence;  and  the  diffusion  of  the  disease  can 
often  be  traced  from  point  to  point  in  a  town  or  in  a  district.  The  contagion 
is  probably  exhaled  both  by  the  skin  and  the  lungs,  and  it  may  perhaps 
cause  the  offensive  odour  which  is  so  perceptible  when  near  to  severe  cases. 
The  poison,  whatever  it  may  be,  can  certainly  attach  itself  to  clothes  and 
bedding,  but  typhus  is  not  nearly  so  apt  as  some  of  the  other  contagious 
exanthemata  to  be  propagated  by  means  of  inanimate  objects,  or  of  human 
beings  themselves  unaffected  by  it.  Moreover,  its  poison  is  easily  rendered 
inert^by  free  dilution  with  air.  It  has  never  been  shown  to  be  conveyed 
by  water,  or  by  milk  or  other  food. 

The  most  important  etiological  factors  in  this  disease  are  bodily  fatigue, 
mental  anxiety,  want  of  sleep,  poverty,  starvation,  and  overcrowding.  The 
three  last  named  are  among  the  most  certain  predisposing  causes,  and  no 
epidemic  of  typhus  has  ever  occurred  except  in  association  with  widespread 
destitution,  and  the  excessive  aggregation  of  numbers  of  poverty-stricken, 
starved,  and  otherwise  morally  and  physically  deteriorated  human  beings. 
Besides  its  obvious  influence  in  increasing  the  spread  of  typhus  by  con- 
tagion, overcrowding  seems  speciaUy  to  augment  the  susceptibihty  of 
individuals  to  the  poison;  but  it  may  safely  be  inferred  from  analogy 
that,  without  the  presence  of  a  specific  poison,  no  intensity  of  overcrowding 
or  other  favouring  conditions  can  originate  an  outbreak  of  typhus. 

A  second  attack  of  typhus  is  as  rare  as  one  of  small-pox,  but  m  exceptional 
instances  the  disease  appears  to  confer  practically  no  immunity  at  ail. 
Such  cases,  however,  are  very  rare.  ^        ^    ,         ■       *  „^ 

Prevention.— To  prevent  the  development  of  the  typhus  poison  free 
ventilation  and  cleanliness  are  essential  and  usually  sufficient.  Although 
the  prevention  of  poverty  is  not  always  possible,  the  poor  may  be  supphed 
with  airy,  wholesome  dweUings,  and  with  the  means  of  mamtaimng 
personal  cleanliness,  such  as  baths  and  wash-houses.  To  prevent  the  spread 
of  the  disease,  isolation  and  disinfection  of  the  sick  must  be  carried  out 
stringently.  A  typhus  patient  should  be  treated  m  a  very  freely  ventilated 
ward  or  building,  or  under  canvas,  at  least  2000  cubic  feet  being  allowed 
per  bed,  and  the  amount  of  fresh  air  supplied  practicaUy  unhmited  As 
the  con  agion  is  specially  virulent  near  and  about  the  patient  attendant 
should  avoid  inhaling  the  emanations,  or  exposing  themselves  (unless 
protected  by  a  previous  attack)  unnecessarily  to  such  inhalation._  A  isitors 
should  not  be  allowed,  and  the  isolation  most  strictly  mamtained  Al 
cfothL  worn  by  the  pktient  before  admission  and  during  treatment  must 
be  careluUy  disinfected.  Bedding  and  furniture  must  a  so  be  disinfected 
The  sarae  observations  apply  to  all  rooms  occupied  by  the  patient  either 
before  or  during  the  attack. 


WHOOPING-COUGH. 
Like  so  many  other  epidemic  diseases,  whooping-cough  can      traced  to 
only  — tively  r^^^^^^^^  ^^l^tlt^^^^^^^^^  diste 
^1^^^:^^  ^^^^  aSy  other  in  childhood ;  indeed 
for  infants  under  one  year  it  is  probably  the  most  fatal  of  all. 
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Influence  of  Climate  and  Season. — Climate  does  not  appear  to  have 
much  influence  upon  the  prevalence  of  this  disease,  except  that  perhaps 
cold  and  damp  countries  are  more  favoui-able  to  it.  As  regards  season,  the 
prevalence  of  whooping-cough  in  this  country,  like  the  mortality,  is  greatest 
about  the  months  of  March  and  April.  In  this  respect  its  curve  of  preva- 
lence is  almost  exactly  the  reverse  of  that  for  scarlet  fever.  This  apparent 
seasonal  prevalence  does  not  probably  apply  to  all  countries,  as  Hirsch,  from 
an  analysis  of  a  large  number  of  facts,  shows  that  it  is  not  more  apt  to  be 
epidemic  at  one  season  of  the  year  than  another.  As  regards  the  effect  of 
weather,  Goodhart  remarks  :  "  Atmospheric  changes  have  a  most  important 
bearing  upon  pertussis.  It  has  been  repeatedly  noticed  in  the  whooping- 
cough  ward  at  the  Evehna  Hospital  that  the  children  are  worse,  even 
when  otherwise  doing  well,  when  the  wind  turns  cold  or  suddenly  changes ; 
and  it  is  notorious  that  the  disease  rims  a  much  less  determined  course  in 
summer  than  in  the  colder  seasons  of  the  year." 

Influence  of  Sex  and  Age. — Female  children  are  decidedly  more  liable 
to  be  attacked  than  males.  The  age  at  which  whooping-cough  is  most 
common  is  between  the  first  year  and  the  eighth.  Of  the  total  deaths 
over  90  per  cent,  at  all  ages  occur  during  the  first  five  years  of  life.  Of 
Goodhart's  352  cases,  62  were  under  a  year  old,  212  were  between  one 
and  four,  65  between  four  and  six,  and  13  between  six  and  ten.  The 
mortality  among  females  is  greater  at  all  ages  than  among  males.  The 
case  mortahty  is  about  2-5  per  cent.,  but  varies  with  age.  Although 
whooping-cough  is  most  prevalent  in  the  earlier  years  of  hfe,  it  is  sometimes 
observed  in  adults  up  to  forty  or  fifty,  or  even  a  still  greater  age. 

Mortality.— In  the  following  table  will  be  found  the  mortality  per 
mUlion  living  recorded  from  this  disease  in  England  and  Wales  during  the 
last  five  years.  It  shows  that  the  mortality  from  whooping-cough  in  this 
fountry  is  still  very  considerable,  and  of  late  years  it  has  destroyed  nearly 
IS  many  children  as  measles. 


Year. 


1894 
1895 
1896 
1897 
1898 


England  and  Wales. 


411 
316 
431 
368 
324 


London. 


480 
340 
650 
410 
480 


Thirty-three  Towns. 


480 
370 
570 
410 
420 


It  may  be  noted  that  the  death-rate  in  1895  from  this  disease  showed  a 
'■onsiderable  decline  from  the  rate  in  the  preceding  year ;  it  is,  in  fact,  the 
lowest  rate  on  record,  the  nearest  approach  having  been  324  per  million  in 
the  year  1898. 

Etiology.— Recent  observations  render  it  probable  that  the  contagious 
principle  of  whooping-cough  is  an  organism  analogous  to  those  which  produce 
so  many  other  infective  diseases,  but  at  present  no  micro-organism  has  been 
satisfactorily  shown  to  stand  in  causal  relation  to  it.  The  disease  undoubtedly 
spreads  by  infection  from  case  to  case,  but  such  infection  need  not  necessarily 
be  direct,  as  the  virus  may  be  carried  in  clothing,  &c.  On  the  other  hand 
It  IS  said  to  be  one  peculiarity  of  the  contagion  of  whooping-cough  that  it  is 
lar  less  apt  than  most  other  contagia  to  be  transmitted  to  a  distance  in  an 
active  state.    We  very  rarely  find  the  contagion  of  whooping-cough  con- 
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veyed  by  persons  not  themselves  affected  with  the  disease  ;  but  some  well- 
authenticated  cases  are  on  record  of  such  having  occurred,  notably  that 
observed  by  Bristowe,  of  a  case  in  which  a  lady  clearly  conveyed  the 
contagion  of  the  disease  from  Sydenham  to  London  upon  her  dress. 

Whooping-cough  is  peculiarly  infective  in  the  early  stages,  and,  hke 
measles,  is  largely  spread  by  the  attendance  at  schools  and  other  public 
gatherings  of  children  who  are  sickening  for  it,  but  who  have  not,  so  far, 
manifested  the  characteristic  symptoms.  There  is  no  evidence  that  this  disease 
is  ever  disseminated  by  the  agency  of  water,  milk,  food,  or  domestic  animals ; 
neither  does  it  appear  to  be  in  any  way  connected  with  soil  conditions. 

The  incubation  period  varies  from  four  to  fourteen  days,  and  the  period 
of  infectiveness  is  not  less  than  from  six  to  eight  weeks  after  the  disease  is 

declared.  i  ■     i    ■  i. 

Prevention  resolves  itself  into  isolation  of  the  sick  person,  combined  with 
destruction  of  all  discharges  from  the  air-passages,  and  the  disinfection  of 
clothing  and  bed  linen  used  by  the  affected  persons.  The  aerial  diffusion  of 
some  volatile  disinfectant  may  be  a  powerful  adjunct  to  these  preventive 
measures,  but  cannot  replace  disinfection  or  destruction  of  all  discharges 
from  the  nose,  pharynx,  and  lungs. 


YELLOW  FEVER. 


This  is  an  acute  febrile  disease  of  tropical  and  sub-tropical  countries,  charac- 
terised by  jaundice  and  haemorrhages,  and  due  to  the  action  of  a  specific  virus. 
The  disease  prevails  endemically  in  the  West  Indies,  and  in  certain  sections 
of  the  Spanish  Main,  from  whence  it  occasionaUy  extends,  and,  under  suit- 
able conditions,  prevails  epidemicaUy  in  other  countries.  The  first  epidemic 
on  record  Avas  in  1647,  when  it  appeared  in  Barbadoes;  a  destructive  pesti- 
lence of  the  same  kind  occurred  at  Philadelphia  in  1693,  and  again  m  17fa2, 
1793  and  1802.  It  visited  Mauritius  in  1815,  and  Gibraltar  m  1804,  1814, 
and  i828.  It  is  endemic  in  the  island  of  San  Domingo,  and  more  or  less 
frequent  throughout  the  West  Indies  and  the  adjacent  coasts  of  Mexico, 
Guiana,  and  the  southern  United  States.  It  first  appeared  on  the  Brazilian 
seaboard  in  1849,  at  Buenos  Ayres  in  1858,  and  at  Callao  m  Peru  m  18o3. 
Between  1780  and  1820  it  repeatedly  occurred  m  Cadiz  and  other  bpamsli 
ports,  in  1821  at  Barcelona,  and  later  at  Marseilles  and  Leghorn.  There 
was  a  terrible  epidemic  in  New  Orleans  in  1878,  and  in  Florida  m  1888. 
Lisbon  was  affected  epidemicaUy  in  1857,  and  Swansea  m  1865. 

The  disease  exists  also  on  the  west  coast  of  Mno.^.  We  may  say  that 
there  are  three  main  areas  of  infection  :-(l)  The  focal  zone,  m  ^vhich  the 
disease  is  never  absent,  including  Havana,  Vera  Cruz,  Eio,  and  other 
Spanish-American  ports.  (2)  Perifocal  zone  or  regions  of  periodic  epKiemic^ 
including  the  ports  of  the  tropical  Atlantic  in  America  and  Africa.  {6)  lh^ 
zone  of  accidental  epidemics,  between  the  parallels  of  45   N.  and  6b  6. 

latitu^^^^^^  of  Climate  and  Season.— YeUow  fever  only  flourishes  in  hot 
climates,  and  the  regions  in  which  it  commonly  prevails  are  al  situated 
near  the  equator.  The  occurrence  of  a  local  epidemic  within  tl^  ^^^^^^^^^^^^ 
zone  seems  constantly  to  be  associated  with  an  exceptionally  ^ulti}  state  ^ 
the  weather  at  the  time.  This  was  the  case  at  St  Na^aire  France  wh«a 
it  developed  itself  there  in  1861,  and  also  m  Swansea  m  1865-  /n  i^ 
endemic  area,  the  worst  months  arc  generally  July,  August,  and  September, 
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.r  periods  of  great  heat  and  humidity.  Although  heat  is  necessary  for  the 
levelopment  of  an  epidemic,  the  disease,  when  once  estabhshed,  does  soroe- 
times  persist  in  spite  of  cool  weather,  though  it  is  invariably  arrested  by 
frost.  But  while  it  is  always  arrested  by  frost,  its  cause  is  not  necessarily 
destroyed  thereby,  but  may,  hke  cholera,  survive  the  winter  and  give  rise  to 
a  fresh  epidemic  on  the  return  of  hot  weather.  This  sequence  of  events 
has  repeatedly  been  noticed  in  the  case  of  infected  ships  passing  from  low 
to  high  degrees  of  latitude,  and  vice  versa.  According  to  Hirsch,  a  high 
degree  of  atmospheric  moisture  is  generally  favourable  to  yellow  fever  preva- 
lence, but  this  is  not  a  factor  of  universal  importance.  The  possible  connec- 
tion of  yellow  fever  to  soil  has  already  been  considered  on  page  497._ 

Influence  of  Race,  Sex,  and  Age. — Although  no  race  can  be  said  to  be 
entirely  exempt  from  yellow  fever,  there  can  be  no  doubt  that  the  negroes 
are  distinctly  less  susceptible  than  the  whites.  Negroes  are  less  Hable  both 
to  attack  and  to  death  in  the  event  of  attack.  Both  attacks  and  deaths  are 
more  numerous  among  males  than  females,  but  this  is  probably  due  to 
o-reater  exposure,  and  to  habits  of  life.  As  regards  the  influence  of  age, 
during  epidemics  in  endemic  localities,  the  majority  of  observed  cases  occur 
amongst  persons  in  middle  life,  because  visitors  and  other  unaccKmatised 
persons  form  a  large  proportion  of  the  cases,  and  these  people  are  for  the 
most  part  adult  males.  In  localities  in  which  yellow  fever  is  not  actually 
endemic,  but  occurs  in  occasional  epidemics,  large  numbers  of  children  are 
attacked,  for,  unlike  the  children  in  endemic  areas,  they  are  not  accliniatised. 
Sternberg  quotes  the  following  table  from  Bemiss,  showing  the  age  distribu 
tion  of  905  cases  occurring  in  New  Orleans  during  the  epidemic  of  1878. 


Age. 

Cases. 

Deaths. 

Per  cent. 

Under  5  years  of  age,  . 
From  5  to  10  years  of  age,  . 

„    10  „  20    „        „     .  . 

„    20  „  40    „        „      .  . 

„    40  „  60    ,,        ,,     .  . 

„    60  ,,  80    „        „     .  . 

206 
233 
183 
232 
47 
4 

26 
20 
9 
39 
6 
2 

12-62 
8-58 
4-92 
16-81 
12-77 
50-00 

The  mortality  seems  to  vary  widely  in  different  epidemics,  being  some- 
times as  low  as  15  per  cent.,  sometimes  as  high  as  75  per  cent. 

Etiology. — With  regard  to  the  origin  of  yellow  fever  there  have  been 
great  differences  of  opinion,  and  up  to  the  present  time  the  specific  germ  of 
the  disease  has  not  been  satisfactorily  demonstrated.  The  Bacillus  icteroides 
of  Sanarelli,  which  is  probably  identical  with  the  "  Bacillus  X"  of  Sternberg, 
appears  to  have  some  causal  relationship  to  the  disease.  Formerly,  yellow 
fever  was  regarded  as  being  allied  to  if  not  actually  a  modified  form  of 
malaria.  It  is  now,  however,  universally  admitted  that  it  is  quite  distinct 
from  any  form  of  intermittent  or  bilious  remittent  fever  of  malarial  origin  ; 
for  its  geographical  range  is  quite  different,  it  is  epidemic,  it  is  trans- 
missible from  place  to  place,  it  consists  of  a  single  attack  and  protects  against 
future  invasion,  albuminuria  is  constant,  the  spleen  is  not  enlarged,  and 
quinine,  so  far  from  being  a  specific  remedy,  is  believed  to  be  injurious. 

_  Yellow  fever  is  a  disease  of  the  sea-coast,  and  rarely  prevails  in  regions 
with  an  elevation  above  1000  feet.  Its  ravages  are  most  serious  in  cities, 
particularly  when  the  sanitary  conditions  are  unfavourable.  It  is  always 
most  severe  in  the  badly-drained,  unhealthy  portions  of  a  city,  where  the 
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population  is  crowded  together  in  ill-ventilated,  badly-drained  houses.  It 
has  already  been  stated  that  yellow  fever  is  endemic  only  in  certain 
localities,  and  the  evidence  seems  to  show  that  when  it  has  occurred 
elsewhere,  its  occurrence  has  been  due  to  importation.  What  was  the 
original  cause  of  the  disease  is  still  shrouded  in  mystery,  but  Audouard's 
view,  referred  to  on  page  498,  may  be  cited  as  having  much  to  commend 
it,  namely,  that  it  originated  at  all  its  endemic  centres  from  the  filth  of  the 
slave  ships,  which  filth  was  the  putrid  dysenteric  discharges  of  the  sick 
negro.  Regarded  in  this  light,  yellow  fever  has  been  given  us  in  the 
dejecta  of  another  race,  which,  brought  in  considerable  quantities  in  the 
bilges  of  ships  to  ports,  has  there  been  discharged  into  harboiir  mud  and 
soil.  The  mud  of  these  harbours,  and  the  foreshores  of  the  adjacent  lands, 
continue  to  be  endemic  foci  of  the  disease. 

One  of  the  most  striking  features  of  yellow  fever  is  that  its  infectious 
principle  is  often  transported  by  ships.  It  may  also  be  transported  by 
fomites,  and  also  be  conveyed  from  place  to  place  by  the  sick.  The  infec- 
tion has  often  been  found  to  cling  to  the  hull,  or  perhaps  to  the  cargo,  of  a 
particular  vessel,  after  the  crew  have  been  paid  off.  It  is  believed  in  the 
West  Indies  that  a  cargo  of  hides  or  sugar  is  favourable,  and  one  of  salt 
unfavourable,  to  the  development  of  yellow  fever  on  board,  or  to  its  t 
transfer  from  one  port  to  another,  even  when  the  crew  escape.  In  not  a  ' 
few  instances  an  outbreak  of  the  disease  has  followed  the  arrival  of  ships 
which,  although  coming  from  infected  places,  have  apparently  had  no  actual 
sickness 'on  board,  either  at  the  time  of  arrival  or  during  the  voyage. 
Similarly,  outbreaks  in  towns  have  foUowed  the  arrival  of  apparently 
healthy  people  from  infected  localities. 

Strong  as  is  the  evidence  in  favour  of  the  view  that  yeUow  fever  is  a 
communicable  disease,  equally  strong  evidence  is  forthcoming  to  show  that 
its  communicability  differs  widely  from  that  of  small-pox,  typhus,  and  other 
typically  infectious  maladies,  and  that  in  certain  important  respects  yeUow 
fever  resembles,  as  regards   commimicabihty,  cholera  or  enteric  fever. 
Thus,  when  it  prevaUed  in  Lisbon  in  1857,  182  persons  are  said  to  have 
left  the  city  for  different  places  in  Portugal,  carrying  away  with  them  the 
disease,  and  86  died,  but  in  no  instance  was  it  communicated  to  other 
persons  in  the  places  whither  they  went.    It  is  a  matter  of  very  general 
experience  that  those  in  close  attendance  upon  the  sick  do  not  speciaUy 
contract  the  disease.    In  1865  Buchanan,  having  investigated  with  great 
care  the  local  epidemic  at  Swansea,  came  to  the  conclusion  that  tue 
evidence  tending  to  negative  personal  contagion  was  about  as  strong  as  sucn 
evidence  can  by  its  nature  ever  be."    Sternberg  says  this  was  also  the 
experience  of  the  physicians  in  charge  of  the  Charity  Hospital  of  New 
Orleans     "  So  long  as  the  hospital  and  its  vicinity  remain  uninfected,  cases 
do  not  "originate  in  the  hospital,  although  yellow  fever  patients  may  be 
admitted  to  the  wards  with  unaccHmatised  persons  ^suffering  from  other 
diseases,  and  be  cared  for  by  susceptible  attendants." 

AU  these  facts  indicate  that  the  yellow  fever  patient  does  not  commonly 
infect  others  directly,  but  that  he  nevertheless  gives  off,  probably  mth  us 
discharges,  the  virus  of  the  disease,  and  that  this  under  ^^^^tabl^  coi^d^^^^^ 
is  capable  of  infecting  the  particular  locality,  and  o  thus  ^^^^^^^^^J;^^^^^^^^^^ 
rise  to  the  disease  in  others.  Outside  the  body  the  f  if  o-o}'S'^«^J^^^P^°  . 
ably  finds  a  habitat  in  the  soil.  It  is  also  notable  that  the  virus  of  yello^^ 
fever  shows  a  special  ability  to  attach  itself  to  ships  and  dwellings 

There  is  at  present  no  evidence  that  yellow  fever  is  spread  ^7  /^f^^^^^^^^ 
water  or  milk,  but  the  absence  of  evidence  on  these  points  must  not 
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a  ken  as  excluding  these  agencies,  and,  judging  from  the  analogy  of  cholera 
ud  enteric  fever,  there  is  an  a  prion  probability  that  the  cause  is  swallowed 
Iso  in  this  case,  and  that  it  may  possibly  enter  with  the  drinking  water  or 
ood. 

The  incubation  period  is  short,  and  varies  from  twenty-four  hours  to  five 
lays.  One  attack  of  yellow  fever  usually  confers  immunity,  though  even 
his  immunity  seems  to  be  lost  by  long  absence  from  endemic  localities. 
Phis  matter  of  those  habitually  residing  in  yellow  fever  localities  enjoying  a 
elative  immunity  raises  the  qiiestion  whether  such  immunity  is  transmissible 
y  heredity,  or  whether  it  is  entirely  acquired  by  each  individual  for  him- 
olf.  The  weight  of  evidence  is  in  favour  of  the  view  stated  by  Sternberg 
hat  "  the  Creole  child  owes  his  immunity  not  to  his  parents,  but  to  indi- 
idual  acclimatisation,  and  not  unfrequently,  to  say  the  least,  to  a  mild, 
im-ecognised  attack  of  yellow  fever." 

Prevention. — Eecognising  that  yellow  fever  is  a  filth-begotten  disease, 
he  chief  prophylactic  measures  will  be  (1)  to  provide  adequate  arrangements 
or  the  removal  and  disjDOsal  of  excreta  and  refuse ;  (2)  to  provide  free 
•eutilation,  and  avoid  overcrowding ;  (3)  to  ensure  a  pure  and  wholesome 
vater-supply,  with  proper  means  of  personal  cleanliness.  Once  a  case  of  the 
lisease  has  occurred,  the  following  special  measures  should  be  adopted  : — 
1)  Isolation  of  the  sick  person  ;  (2)  disinfection  of  all  discharges,  especially 
he  vomit  and  excreta,  preferably  these  should  be  burned ;  (3)  disinfection 
>f  all  bedding  and  clothing  ;  (4)  free  ventilation  of  the  sick-room. 

If  an  outbreak  has  occurred  in  a  house  or  barrack,  fumigation,  scraping 
uid  limewashing  of  the  waUs,  flushing  of  sewers,  and  thorough  disinfection 
u  every  way  must  be  carried  out.  Similar  procedures  are  necessary  in  the 
;ase  of  a  ship.  Owing  to  the  ready  transportability  of  the  contagion  in 
somites,  baggage,  cargo,  &c.,  all  these  materials  require  careful  fumigation 
md  disinfection.  The  crews  and  passengers  of  ships  arriving  from  infected 
ocalities  should  be  medically  inspected,  and  if  in  good  health  may  be 
illowed  to  proceed  to  their  destinations,  after  note  has  been  taken  of  their 
lames  and  addresses,  and  notification  of  the  same  made  to  the  sanitary 
authorities  of  the  localities  concerned.  The  sick  and  apparently  sick  should 
he  detained  until  aU  doubt  of  possible  infectivity  has  been  removed. 

If  an  outbreak  of  yellow  fever  occur  in  a  barrack,  it  is  impossible  then  to 
ittempt  any  cleansing  of  sewers ;  the  only  plan  is  to  evacuate  the  barracks 
nid  isolate  the  infected  body  of  men.  This  has  been  done  many  times  in 
lie  West  Indies  with  the  best  results.  As  a  preventive  measure,  also, 
evacuation  of  the  barracks  and  encampment  inland,  well  away  from  fore- 
shores, is  a  most  useful  plan.  Before  the  barrack  is  reoccupied,  every  pos- 
sible means  should  be  taken  to  cleanse  it ;  sewers  should  be  thoroughly 
flushed ;  walls  scraped  and  limewashed,  and  disinfection  of  the  building, 
bedding,  and  clothing  most  scrupulously  carried  out.  If  a  barrack  cannot 
be  altogether  abandoned,  the  ground  floors  should  be  disused.  There  are 
several  instances  in  which  persons  living  in  the  lowest  story  have  been 
attacked,  while  those  above  have  escaped. 

If  it  appears  on  board  ship,  take  the  same  precautions  with  regard  to 
evacuations,  bedding,  &c.  Treat  all  patients  in  the  open  air  on  deck,  if  the 
weather  permit ;  run  the  ship  for  a  colder  latitude  ;  land  all  the  sick  as 
3oon  as  possible,  and  cleanse  and  fumigate  the  ship. 

A  predisposition  to  the  disease  is  caused  by  fatigue,  especially  when 
^ombmed  with  exposure  to  the  sun,  by  excessive  drinking,  and  by  improper 
tood  of  any  kind  which  lowers  the  tone  of  the  body. 

oanarelli  has  immunised  horses  by  careful  injections  of  filtered  cultures  of 
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the  B.  icteroides.  He  also  used  cultures  killed  by  ether  and  living  cultures. 
The  serum  of  the  immunised  horses  was  used  in  eight  cases  of  yellow  fever, 
and  six  recoveries  took  place  ;  there  is  also  considerable  ground  for  beUev- 
ing  that  the  serum  may  be  even  more  useful  as  a  prophylactic  agent. 
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CHAPTER  XIII. 
DISINFECTION. 

The  term  disinfectant,  which  has  now  come  into  popular  use.  has  nnfortu- 
natelv  been  employed  in  several  senses.  By  some  it  is  applied  to  every 
accent  which  can  remove  impurity  from  the  air;  by  others  to  any  substance- 
which  besides  acting  as  an  air  purifier,  can  also  modify  chemical  action,  or- 
restrain  putrefaction  in  any  substance,  the  effluvia  from  which  may  con- 
taminate the  air  ;  while,  by  a  third  party,  it  is  used  ordy  to  designate  the 
substances  which  can  prevent  infectious  diseases  from  spreading,  by 
destroying  their  specific  poisons.  This  last  sense  is  the  most  correct,  and 
It  is  that  in  which  it  is  solely  used  here.  The  mode  m  which  the  poisons- 
are  destroyed,  whether  it  be  by  oxidation,  deoxidation,  or  arrest  of  growth, 
is  a  matter  of  indifference,  provided  the  destruction  of  the  poison  is  accom- 

^^''t?  those  siibstances  which  arrest  the  power  of  propagation  of  micro- 
organisms, thereby  restraining  or  preventing  decomposition,  the  general 
antisevtics  should  be  applied.  Those  substances  which  merely  oxidise, 
the  pToduci  of  decomposition,  and  thereby  destroy  or  correct  offensive- 
odours  are  best  described  as  deodorants.  In  a  great  many  instances  the- 
substances  which  are  recommended  as  disinfectants  are_  httle  more  than 
deodorants,  or,  at  most,  antiseptics  or  means  of  checking  and  delaying 

putrefaction.    ^  aisinfection  is  to  attack  the  speci^fic  poisons  of 

disease  at  their  seats  of  origin,  as  far  as  these  are  accessible  to  us     It  was- 
the  instSct  of  genius  which  led  WiUiam  Budd  to  pomt  out  that  the  way  to- 
Sevent  the  spread  of  scarlet  fever  is  to  attack  the  skin  from  the  jery  first 
^destroy  the  poison  in  the  epidermis,  or,  failing  that,  to  prevent  the  break- 
uf  and  pasLge  into  the  air  of  the  particles  of  the  detached  epidermc 
scfles     Oily  disinfectant  inunctions  of  the  skin,  and  the  ^^t  comple  e- 
dis  nfectiVof  the  clothing  which  touches  the  skm  of  the  p.itient,  are  the 
f  n  lfpf  means  of  arresting  the  spread  of  scarlet  fever.    The  rules  for 
ral^p  X  are  aMost  LnticaS  though  it  is  more  difficult  to  -ry  them  -i" 
Tn  enteric  fever,  cholera,  and  dysentery  the  immediate  destruction  of  aU 
ripfof  infection  in  the  stools  and  urine  by  strong  chemical  reagents, 
Td  tt  nrev^^^^^^^^^^         P0-°-  -  '''''  getting  into  sewers  or 

SfnSc^  rter  oVfood,  are  the  measures  obviously  demanded  by  the 

'^-t^rf^eSf^^T^s  are  investigated,  and  the  more  per- 
iJjlTZeS^-Vl^Js  in  the  body  are  Icno^vn.  the  more  perfect  will  be 

■       ^Zlll^S'tTZsic.l  and  chemical:  the  chief  physical  agent  is 
Disinfec  an  s  ar^^^^^^^^  perchloride  of  mercury,  carbohc  acid, 

Sr£f  itl  Siion  of  formicialdehydc,  ^vith  certain  gaseous  bod.es 
of  strong  germicidal  power. 
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111  actual  practice,  disinfection  projier  is  largely  aided  by  the  preliminary 
removal  of  infection  by  the  scraping  and  stripping  of  paper  from  walls,  the 
.  washing  and  sweeping  of  floors,  to  say  notliing  of  air  perflation,  and  the 
MAvashing,  beating,  shaking,  and  exposure  of  clothes.  These  procedures, 
e  excellent  in  their  way,  are  uncertain  and  incomplete ;  the  destruction  of 
ergerms,  or  true  disinfection,  is  only  attainable  by  either  heat  or  chemical 
imeans.    For  articles  of  small  value,  the  safest  plan  is  to  burn  them. 

The  value  of  fresh  air  and  sunlight  as  aids  to  disinfection  must  not  be 
loverlooked.  Direct  sunlight,  and  especially  the  most  highly  refrangible, 
I'ultra-violet  rays  of  the  spectrum,  have  a  powerfully  restraining  action  on 
Ithe  groAvth  of  bacteria.  Besides  these  agencies,  a  comparative  purification 
ibf  the  air  can  be  effected  by  many  substances  in  use  for  this  purpose,  but 
;lbhese  latter  must  be  regarded  as  supplemental  to,  not  as  substitutes  for,  true 
[disinfectants. 

Heat  as  a  Disinfectant.— Tyndall  was  the  first  to  show  that,  whilst 
)prolonged  boihng  failed  to  sterilise  an  infusion,  successive  heatings  for  a 
•Ishort  time,  even  below  the  boiling  point,  were  successful.  The  explanation 
vproposed  is,  that  during  the  first  heating  aU  the  non-spored  forms  are, 
idestroyed,  the  spores  remaining  alive.  During  the  next  twenty-four  hours' 
Ithese  spores  are  Ukely  to  assume  the  non-spored  form ;  the  next  heating  kills 
Ithese.  In  case  any  may  still  not  have  changed  their  spored  form,  the 
^process  is  repeated  on  the  third  day.  This  method  of  intermittent  heating 
sis  now  in  general  use  for  sterilising  cultivating  fluids.  Important  in  all 
rways,  the  question  of  the  nature  of  contagia  is  especially  so  in  a  practical 
tsense,  viz.,  that  of  the  easy  or  difficult  destruction  of  these  agents. 

The  experiments  by  Koch  on  heat  as  a  disinfectant  led  him  to  the  fol- 
dowing  conclusions  : — 

1.  As  to  di-y  heat.  "  Sporeless  bacteria  are  destroyed  in  1 J  hour  by 
liiot  air  at  a  temperature  slightly  exceeding  100°  C.  Spores  of  fungi  require 
a^hour  at  110°  to  115°  C;  spores  of  bacilH  require  3  hours  at  140°  C. 
Meat  penetrates  so  slowly  that  even  for  articles  of  moderate  size,  such  as 

■>ipillows,  3  to  4  hours'  exposure  at  140°  C.  is  insufficient.  Exposure  for  3 
i^hours  to  140°  C,  which  is  necessary  for  thorough  disinfection,  damages 
imost  fabrics  more  or  less." 

2.  As  to  moist  heat.  Steam  under  pressure  killed  anthrax  spores  after 
-ten  minutes'  exposure  to  a  temperature  of  110°  C.  Steam  at  atmospheric 
•tpressure  destroyed  anthrax  spores  after  exposure  of  one  hour.  Koch  con- 
icludes  that  m  every  respect  exposure  to  a  current  of  steam  at  100°  C.  is  the 
Inmost  satisfactory  method. 

f.f  //^^  g[*5ater  power  of  moist  heat  is  supposed  to  be  due  to  the  large  amount 
Di  latent  heat  in  steam.    To  convert  1  lb  of  water  at  212°  F.  into  steam  at 
1-'^  J^.,  requires  nearly  1000  times  as  much  heat  as  it  does  to  raise  1  ft)  of 
water  from  211°  to  212°  F.    Conversely,  a  corresponding  amount  of  heat  is 
^^rated  when  1  lb  of  steam  at  212°  F.  is  condensed  into  water  at  212°  F. 
n  nen  an  object  is  heated  by  being  placed  in  hot  dry  air,  not  only  is  no 
^lent  heat  yielded  up  to  it  by  the  air,  but,  on  the  otlier  hand,  before  the 
ect  can  attain  the  temperature  of  212°  F.,  any  water  which  it  may  contain 
■  a  ail  textile  fabrics,  even  though  dried  at  ordinary  temperatures,  retain  a 
luantity  of  moisture)  must  be  evaporated ;  in  this  evaporation,  heat  passes 
le  n  v  1  '  ^^"^  ^^^^  attainment  of  the  desired  temperature  is  thus 

-lyeu.    v\  hen  steam  penetrates  into  the  interstices  of  a  cold  body  it 
loergoes  condensation  in  imparting  its  latent  heat  to  the  body.  When 
•o1uit.p    t'' All occupies  only  a  very  small  fraction  of  its  former 
10  mi  the  vacuum  tlius  formed  more  steam  presses  forward,  in 

2  z 
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heat  undergoes  contraction  m  -^'^^^^^  ^^^Tt  ^vater" 
compared  with  that   undergone   by  steam  m  conaensin^ 

w'J^'inferior  to  moist  heat,  owing  to  the  difficulty  of  ensuring 
Dry  lieat  is  mierioi  ,,pcessarv  high  temperature  throughout  the 

the  --Pf^XtScle  '  I  piC"  goods,  &c.,  are  simply  placed 

ifaTo^a^r'^pI^^^^^^^  -y  he  scorched,  while  the  inner  parts 

wniteieggo,  wuiiviiij^  •   i  „j  „  +o-mnPTatnrB  varying  from  24:0  to 


Duration  of  Exposure. 

2  Layers. 

4  Layers. 

6  Layers. 

12  Layers.  ' 

18  Layers,  j 

4  Hours,  .       •       •  • 
6     ,.  ■ 
8     „  • 

Deg.  F. 
220 
226 
230 

Deg.  F. 
206 
214 
221 

Deg.  F. 
190 
208 
215 

Deg.  F. 
162 
174 
196 

Deg.  F. 
139 
153 

!      182  . 

! 

When  moist  heat  was  used  a  f-l^— ^ 
heneath  sixteen  layers  of  ^l^^et  after  a  ma^^^^^   Zt  rM  even  after 

S^tur:^Si:^^p^  the 
As  the  result  of  a  f  S^^^f^^  ^'^^^^T^^^^        thorough  penetration 

1  S-l\mLnt  of  heat  and  the  duration 

^^^Ifal^nlS^rre^inkybesaid  that  ^^^^^^^^r^^ 

or,itthifis  not  practicable,  -iXLL'Ty  a^^t^^^^^^^^^^^^ 

ordinary  pressure  for       ^o-,  wiH  re^^^^^^^^      -tic^^^l  ^^^f^^ion.  But 

dry  heat  a  temperature  of  284  ^-f  ^^J^'^f^^^^  ^3  employed  without  com. 

in  practice,  only  ^on 

pletely  damaging  the  fabrics.    This  ^e^F^^^^^^^^^  to  be  disinfected 

four  to  nine  hours,  according  to  ^^/^^^^^^^^^^  application. 

Dry  heat  is  neither  so  safe,  nor  is  it  so  easy  ot  ^^jo     °  -^^^  ^.     ,d  t< 

^The  question  of  temperature  has  been  ^^^^^^  ^^f^^^^^^^^^^^      get  as  high 
dry  heat\specially,  is  of  much  importan  e     I\  «  ^^^^^^^^     j^^f.^.tive  mattei 
i^Xa^^:^^^^^  -  high,  for  fear  c 
destroying  the  fabncs  Articles  Disinfected  by  Heat  -Th 

posSe^i^iu"^^^^^^^ 

^^^^^&ng  or  partial  .^^S^^  ^^^^  ™ 
In  its  earliest  stage  tins  in  woollen  material 

by  weakening  of  strength.    ^'^''^''^.^[^"^^^^^^^  Most  materia 

3u'ch  as  flannels  and  f^^^^^/t^l^  T^^^^  injury,  but  when^ 
will  bear  a  temperature  J\^„^  g^on  begin  to  show.  Yla^ 

temperature  is  exceeded,  sigiis  of  damag  so^^^^^ 

and  blankets  exposed  to  steam  at  ZW  x. 
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yellow  tinge,  and  their  tensile  strength  is  somewhat  diminished.  Exposed 
to  dry  heat  of  220°  F.  for  four  hours,  or  a  steam  heat  of  228°  F.  for  half 
an  hour,  white  flannel  acquires  a  slight  yellow  tinge,  but  its  textile  strength 
is  not  appreciably  impaired.  Cotton,  linen,  and.  silk  will  bear  a  dry 
temperature  of  230°  F.  for  four  hours  with  little  alteration,  and  also  moist 
heat  of  250°  F.  for  half  an  hour  with  httle  change,  beyond  a  .slight  loss  of 
glaze.  Feathers  become  yellowish  and  brittle  afters  four  hours'  exposure  to 
steam  at  260°  F. 

(2)  Overdrying  renders  things  very  brittle;  but  this  injury  can  be  con- 
-^iderably  minimised  by  allowing  the  materials  which  have  been  subjected 
:o  dry  heat  to  remain  in  the  air  long  enough  to  recover  their  natural  degree 
if  moisture  before  manipulating  them. 

(3)  Fixing  of  stains  so  that  they  will  not  wash  out.  This  property  of  heat 
IS  a  very  inconvenient  one  from  our  present  point  of  view,  and  is  specially 
marked  in  the  case  of  albuminous  materials  coagulable  by  heat,  such  as  blood 
or  excreta.  In  order  to  remove  organic  stains,  the  cloth  or  garment  must  be 
steeped  in  cold  water.  When  the  grosser  dirt  has  been  removed  by  soaking 
tud  rubbing  in  cold  or  tepid  water,  the  articles  may  be  boiled  without 
injury. 

(4)  Melting  of  fusible  substances,  as  glue  and  wax.  This  injury  does 
not  often  occur,  and  is  most  commonly  met  with  in  attempts  to  disinfect 
books  and  leather  goods  by  heat. 

(5)  Alterations  in  colour,  gloss,  and  shrinkage  of  dyed  and  finished  goods. 
Dry  heat  causes  little  shrinkage  in  Avoven  materials.  Moist  heat,  on  the 
other  hand,  or  even  wetting  without  much  heat,  causes  permanent  shrinkage 
m  woollen  goods,  as  cloth,  flannel,  and  blankets.  To  this  di-awback  must 
1)6  added  another,  namely,  the  loss  of  elasticity  and  fluffiness,  upon  which 
the  warmth  and  softness  of  woollen  materials  depend.  This  elasticity  is 
due  to  the  natural  grease  of  the  wool,  and  is  rapidly  removed  by  boiling  in 
water  or  exposure  to  moist  heat.  These  materials  may  be  washed  in  cold 
water,  or  exposed  to  dry  heat  of  moderate  temperature  Avithout  much 
deterioration,  but  a  frequent  repetition  of  these  processes  brings  about  in 
time  a  change  simUar  to  that  effected  by  boiling  water. 

(6)  Wetting,  as  when  ordinary  steam  is  used,  is  often  undesirable  in  the 
case  of  some  kinds  of  goods,  for  it  produces  shrinkage,  and  causes  the  colours 
to  run.  This  wetting  is  obviated  Avhen  the  steam  is  used  at  high  tempera- 
tures, especially  when  steam  is  superheated,  viz.,  when  it  is  at  a  higher  tem- 
perature than  corresponds  to  the  pressure  under  which  it  is  applied. 

forms  of  Apparatus  for  Disinfection  by  Heat.— From  what  has  been 
«ud,  It  will  be  readily  seen  in  what  manner  heat  as  a  disinfecting  agent 
may  be  applied.    In  the  earlier  forms  of  disinfecting  chambers,  a  dry  heat 
as  employed.    In  the  more  modern  forms,  steam  has  been  used  with  the 
best  results. 

219M^^v.  heated  under  ordinary  atmospheric  pressure  it  boils  at 

1^  1^,  but  when  the  pressure  is  increased  it  does  not  boil  until  a  higher 
temperature  is  reached,  the  exact  temperature  of  ebullition  depending  on 
tne  pressure  employed.  Thus,  with  a  pressure  of  10  m,  in  addition  to  the 
■^imospheric  pressure,  the  boiling  is  about  239°  F.,  and  with  a  pressure  of 
.  261°  F.  When  the  temperature  corresponds  to  the  pressure 
«^eam  is  said  to  be  "saturated,"  for  the  least  cooling  below  this  temperature 
ahav'^lTJ^^^^^^'^'^^^^^-  however,  steam  is  heated  to  a  temperature 

"sun  V;'^'^ ^°™spo^<ling  to  the  pressure  at  Avhich  it  exists,  it  is  said  to  be 
■eonU,T-       ;  '■    '"Superheated  steam  may  be  obtained  by  heating  water 
staining  calcium  chloride ;  this  salt  raises  the  temperature  at  which  steam 
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forms  under  ordinary  atmospheric  pressure,  so  that  the  temperature  at  which 
it  exists  no  longer  corresponds  to  the  pressure.   The  same  result  is  obtamed 
when  saturated  steam  is  heated  in  a  stove  by  a  jacket  containing  steam  at 
a  hi-her  temperature;  the  temperature  of  the  steam  in  the  inner  chamber 
then  rises  above  that  corresponding  to  tlie  pressure  at  which  it  exists. 
A'-rain  steam  in  the  saturated  or  superheated  condition  may  be  conhned 
in°a  closed  chamber,  or  it  may  be  used  in  motion,  viz.  as  "current  steam. 
It  mav  also  be  employed  in  the  confined  or  current  condition  at  the  ordinary 
atmospheric  pressure,  or  at  a  pressure  higher  than  that  of  the  atmosphere. 
There  has  been  much  diversity  of  opinion  as  to  the  best  way  of  using  steam 
for  purposes  of  disinfection,  viz.,  as  to  whether  it  should  be  saturated  or 
superheated,  confined  or  current,  with  or  without  pressure.  Probably 
much  of  the  confusion  is  due  to  the  various  conceptions  held  as  to  what  is 
required  to  produce  absolute  disinfection.    In  the  abserice  of  exact  know- 
ledc^e  as  to  the  causa  causans  of  several  of  the  infectious  diseases  Sir  George  | 
Buchanan  defined  the  temperature  of  absolute  disinfection  as  the   empera-  A 
ture  which  is  necessary  for  the  destruction  of  the  most  resistant  kiio^vn 
o  ^an^m.    Von  Esmarch,  Salomonsen,  and  Levison  found  the  spores  m 
Sen  earth  to  be  the  most  resistant  to  steam;  the  French  observe 
AiW  Graucher,  and  Nocard,  however,  used  the  spores  of  symptomatic 
m  thrax  for  their  Experiments.    It  appears  to  us  that  for  al  practical  pur- 
poses we  have  every  reason  to  be  satisfied  with  an  apparatus  which  vnil 
de  roy  anthrax  spLs  of  normal  resistance  when  placed  between  several 
S  of  bknkets  and  inside  mattresses  and  piUows.    Von  Esmarch  made 
some  interesting  experiments  on  the  influence  of  superheated  and  saturated 
steam  on  a^^^^^^^^  spores.    He  rolled  up  four  blankets  and  placed  anthrax 
™s  i   the  centre,  between  the  different  layers,  and  on  the  outside  of  the 
bund  e     Contact  a^d  maximum  thermometers  were  also  arranged  so  as  to 
show  when  a  temperature  of  100°  G.  had  been  reached  - 
and  also  the  maximum  temperatures  attained.    As  a  result  he  found  that 
:L  spores  were  always  killed  in  the  centre,  and  ^^^tween  the  v^^^^^^^^^  f o  d^, 
in  which  situations  the  paper  holding  the  spores  and  the  W'^"^!;^*^  ^h^^ 
selves  were  damp,  and  the  temperature  varied  between  99   C.  and  10  U 
But,  on  the  surface  of  the  roll,  the  spores  -ere  never  kiUed  the  blank 
were  dry,  and  the  temperature  varied  between  108   C.  and  14^  ^- 
rient   uperheated  steam  employed  in  the  experiments  ^^^^  «byo^^  been 
r-educed  to  the  saturated  condition  in  the  centre,  and  between  the  a     s  of  the 
leaucea  JO  remained  in  the  superheated  condition.    \  on 
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combined  in  the  solid  state  with  their  molecules,"  and  that  superheated 
steam  by  evaporating  this  combined  water  becomes  reduced  to  the  saturated 
condition.  They  found,  just  like  Von  Esmarch,  that  current  superheated 
steam  had  practically  the  same  power  of  penetration  as  current  saturated 
steam.  They  also  observed  that  anthrax  spores,  placed  in  the  centre  of  a 
flock  bundle,  were  always  killed  by  exposure  to  current  superheated  steam, 
but  that  spores  placed  on  the  surface  might  escape  destruction,  owing  to  the 
superheated  steam  being  then  unreduced  to  the  saturated  condition.  It 
is  probable  that  when  steam  is  used  in  the  current  condition,  a  few 
degrees  of  superheating  may  prevent  undue  condensation  of  moisture  in 
the  object  to  be  disinfected.  It  has  been  found  that  the  presence  of  air 
in  the  interstices  of  blankets,  &c.,  militates  largely  against  the  penetration 
of  steam.  By  using  current  steam  this  difficulty  is  easily  overcome,  as  the 
moving  steam  drives  out  the  air  before  it ;  but  when  confined  steam  is  used 
special  means  have  to  be  taken,  and  in  the  best  machines  air  is  removed  by 
a  special  exliaust,  which  is  put  into  action  at  least  twice  during  the  process 
of  disinfection.  A  machine,  in  whatever  form  the  steam  is  used,  must 
comply  with  the  following  conditions  : — (a)  there  must  be  uniform  distribu- 
tion of  heat  in  the  interior ;  (b)  a  constant  temperature  must  be  maintained 
during  the  process  of  disinfection ;  (c)  there  must  be  means  of  ascertaining 
the  temperature  of  the  interior  at  any  given  moment.  These  conditions 
are  best  fulfilled  by  the  machines  which  employ  confined  saturated  steam 
under  pressure ;  the  Equifex  stove  may  be  taken  as  the  type  of  this  class. 


Fig.  118. 

"  The  disinfecting  chamber  is  a  wrought-iron  cylinder  without  a  jacket 
or  other  means  of  superheating  the  steam,  but  lagged  with  wood  and  coated 
■^nth  a  non-conducting  composition,  so  as  to  reduce  cooling  through  the 
walls  of  the  chamber."  Two  doors  are  j^rovided,  one  at  each  end,  and 
the  body  of  the  stove  usually  passes  through  a  wall  separating  two  rooms ; 
the  door  on  one  side  of  the  wall  is  used  to  introduce  the  infected  articles, 
and  the  door  on  the  other  side  serves  to  remove  tliem  when  disinfected ;  in 
this  way  there  is  no  chance  of  the  infected  mixing  with  the  disinfected 
■articles.    "  A  row  of  steam  tubes  runs  longitudinally  inside  the  stove  at  the 
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bottom  for  warming  the  stove  before  and  during  disinfection,  and  for  heat- 
n"the  ai  which  is  used  in  the  subsequent  drying  of  thick  objects.  The 
l\m  isTed  to  the  stove  by  a  pipe  G  from  the 

n  ooT^ovnt-m-  TT  r>isses  through  the  reducing  valves  I  K  and  satety  valves  ivi 
to  rstoie  anrtube^  r^^^^^^^^  AVhen  the  desired  pressure  is  reached 

n  the  ubes  i  shown  by  the  gauge  N,  steam  begins  to  escape  through  he 
safety  valve  M,  and  the  attendant  then  regulates  the  pressure  by  the 
reduciirvalve  K.  The  stove,  having  thus  been  warmed,  is  charged  wit^^ 
reducm   vaive  ^  The  door  is  then  closed  and  the  valve  I  is 

'c^TeneT  I  ving  ste^^^^^^^^^^^  through  the  safety  valve  L  into  the  body  of 
X  stove    The  steam  enters  the  stove  through  an  internal  sparge-pipe  fitted 

in^tudinallY  inside  it  towards  the  top,  and  furnished  throughout  its  length 

205°  F   at  which  point  the  valve  T  controlling  the  pipe  R  is  closed.  The 

minutes  and  opening  the  sluice  vaive  v  .  ^ 
causes  the  water  condensed  n  the  P^^^^^o  the  stove  is 

^^-rt:ss^K^^ 

through  this  v^^^^^^^^^^  t,e  steain 

S  fcoffl'y  extracted  from  tW  ui^  « 

This  process  for  ordinary  mattresses  ^akes  abc^ut  five^^^^^  ^  P^.^ 

poses  of  supervision  and  I'^ference  it  is  impo^^^^^^^ 

^ei  resentation  of  the  whole  process  ^J^^^'f^^v^^^^^^^ 

colinecting  a  small  steam  V^fl^^^^^^-^^^^^^^^  card  wrapped 

with  a  metallic  penci  ,  which  is  m  .^.ranged  to  com- 

Tound  a  vertical  barrel  driven       ^  ^^^^  ,  ^ 

pletely  rotate  once  in  twelve  l^^^^'^^' The  pressure'  gauge  is 
lines,  representing  the  tune  as  ^^^f^^^^J^^  f  with  the 

arranged  to  lift       . pencil  vertical  y  to  an  e^^^^^^^^^  1  -.^^.^^^ 

pressi°re,  and  the  diagram  is  ^'"^^^ ,  ^^"^5  th^y  correspond.  The 
Larked  the  pressures  and  tempera  mes  to  ^^^^  ^  ^^^^^^  the  diagrams  of 
cauge  is  usually  fitted  with  lock  and  ^^^^  '      f  d  sinfection  which 

^.4  are  ^ ^ tS^^  A^l^^  ^ocard,  Salomon- 


is  done." 
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sen,  and  Levison.  Spore-bearing  organisms  were  destroyed  after  twenty 
minutes'  exposure,  even  when  placed  in  the  interior  of  tightly-packed  bags. 
All  the  objects  tested  were  disinfected  without  sensible  deterioration. 

Two  English  machines,  which  are  largely  used  in  this  country,  are  made 
under  Washington-Lyon's  patent.  The  square  form  (Goddard  &  Massey)  is 
jacketed  all  round  the  .body  in  addition  to  the  two  doors.  The  jacket  is 
usually  half  filled  with  water  and  is  used  as  a  boiler.  The  fire  grate  is 
placed  immediately  under  the  body  of  the  machine.  The  steam  in  the 
jacket  is  usually  limited  to  a  pressure  of  20  lb,  and  arrangements  are  made 
to  pass  a  current  of  hot  air  through  the  chamber  before  and  after  disinfec- 
tion. The  square  shape  is  a  constructive  weakness,  and  the  jacket  forms 
in  imperfect  boiler,  which  cannot  be  properly  cleaned.  The  oval  form, 
generally  known  as  Washington-Lyon's  disinfector,  has  a  separate  boiler, 
and  is  made  with  a  jacket  surrounding  the  disinfecting  chamber.  It  is  now 
usually  fitted  with  Alliott  &  Paton's  patent  vacuum  apparatus.  In  the 
jacket  steam  is  maintained  at  a  pressure  of  32  &  per  square  inch,  but  in  the 
chamber  the  steam  pressure  is  22  tt).  Under  these  conditions  the  steam  in 
the  chamber  becomes  superheated.  By  using  the  patent  vacuum  apparatus 
and  intermitting  the  action  of  the  steam  good  results  have  been  obtained 
yvith  this  apparatus.  Pillows  were  found  to  be  damp  in  the  centre,  suggest- 
ing that  the  steam  had  been  reduced  to  the  saturated  condition. 

It  appears  to  us  that  the  machines  which  employ  saturated  steam  possess 
many  advantages  over  those  which  make  use  of  superheated  steam.  The 
temperature  in  the  disinfecting  chamber  is  more  uniform,  and  as  it  corre- 
sponds to  the  pressure,  it  can  be  kept  under  complete  control.  Unfortu- 
nately, the  employment  of  saturated  steam  under  pressure  necessitates  a 
certain  degree  of  strength  in  the  machine  which  enhances  the  first  cost. 
Also,  the  construction  becomes  slightly  complicated,  requiring  intelligent 
supervision  for  the  production  of  efficient  disinfection.  But,  as  the  tempera- 
ture of  saturated  steam  corresponds  to  the  pressure,  it  is  possible,  by  using  a 
recording  gauge,  to  have  the  whole  process  of  disinfection  under  complete  con- 
trol. This  is  a  matter  of  vital  importance,  and  the  great  initial  cost  and  ex- 
pense of  working  appear  to  be  justified  in  order  to  obtain  such  perfect  results. 

Where,  however,  the  initial  expense  cannot  be  borne,  recourse  must  be 
had  to  the  cheaper  macliines  devised  by  Reck  and  Thresh.  The  special 
features  of  Reek's  apparatus  are  :  (1)  the  use  of  low-pressure  steam  delivered 
to  the  apparatus  by  an  automatic  regulator  at  a  rate  which  cannot  be 
exceeded ;  (2)  the  absence  of  any  steam  jacket ;  and  (3)  an  arrangement  by 
which  a  cold  shower  can  be  turned  into  the  chamber,  with  the  object  of 
removing  aU  steam  from  the  interior  in  the  shortest  possible  time  after  the 
process  of  disinfection  is  completed.  The  cold  shower  is  introduced  at  the 
top  of  the  apparatus,  and  falls  on  to  a  shielding  arrangement,  which  dis- 
tributes the  water  over  a  large  surface  and  completely  protects  the  articles 
from  moisture. 

Reid  and  Whitelegge  made  experiments  with  this  machine,  employing  a 
pressure  which  did  not  exceed  1^  Bj.  The  following  table  shows  the  tem- 
perature attained  under  various  conditions  : — 


In  15  ilinutes— Folds  of  Blankets. 

In  36  Minutes. 

i  Folds. 

8  Folds. 

16  Folds. 

In  Chamber. 

In  16  Folds 
Blankets. 

Between 
Mattresses. 

219° 

1 

218° 

212° 

215-6° 

220° 

211° 
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As  regards  the  degree  of  dampness  of  the  blankets  at  the  end  of  the 
process  the  following  figures  give  the  results  obtained.  The  degree  of  damp- 
ness is  expressed  by  the  percentage  increase  of  weight. 

d  J.  ^  Percentage  increase 

in  weight. 

,  r  oil  removal  from  apparatus,       .       .       .  2'6 

Blankets  ^  without  shower    ^f^^j.  gi^^king  in  open  air  0-8 

compactly  1-      .  ,    ,  f  on  renioviil  from  apparatus,      .       .  .3-3 

folded    J    with  shower    |  after  shaking  in  open  air,         .       .       .  I'l 

The  cold  shower  does  not  appear  to  assist  in  the  drying  process,  but  it  has 
a  very  marked  effect  in  condensing  the  steam  in  the  chamber.  Anthrax 
spores  placed  within  sixteen  folds  of  blankets  and  between  two  flock  mattresses 
were  killed  by  the  prescribed  routine  treatment. 

Thresh's  disinfector  consists  of  a  horizontal  chamber  for  the  infected 
articles,  which  is  surrounded  by  a  jacket  containing  a  solution  of  calcium 
chloride  of  definite  strength.    The  jacket  which  constitutes  the  boiler  is 
heated  by  an  ordinary  furnace  placed  under  the  chamber.    The  steam  which 
arises  from  the  boiling  saline  fluid  can  be  turned  into  the  chauiber  or 
shunted  into  the  flue  at  the  back,  by  means  of  a  valve  which  is  worked  by 
a  wheel  situated  on  the  top  of  the  front  of  the  machine.    The  steam  is 
never  allowed  to  accumulate  at  a  pressure  higher  than  that  of  the  external 
atmosphere.    After  about  thirty  minutes'  exposure  to  steam,  the  current  is 
shmited  into  the  shaft,  and  air  is  induced  to  enter  by  opening  the  valve  of  a 
pipe  situated  just  below  the  door  of  the  chamber.    The  air  so  entermg 
passes  through  a  pipe  bent  in  a  gridiron  form  and  immersed  m  the  boilmg 
saline  fluid,  so  that  the  air  admitted  to  replace  the  steam  has  nearly  the 
same  temperature  as  the  saHne  fluid.    To  the  left  of  the  chamber  and  about 
two-thirds  the  way  up  is  a  small  cistern,  with  ball-cock  connected  to  a 
constant  supply  of  water,  which  feeds  the  boiler  automatically  as  the  solu- 
tion becomes  concentrated.    The  solution  of  calcium  chloride  in  water  boils 
at  220°  F   and  gives  off  steam  at  about  21.5°  F.    Consequently,  the  steam 
is  superheated  about  3°  F.    The  Thresh  disinfector  was  carefully  tested  by 
the  Lancet  Special  Sanitary  Commission  on  Disinfection.    The  foUowmg 

results  were  obtained  : —  ^  ,  j    r  n    i  4.„ 

A  contact  thermometer  ( +  212°  F.),  placed  withm  eight  folds  of  blankete, 
rang  in  four  to  eight  minutes,  and  a  maximum  temperature  of  214  -b  to 
9 16° -4  F  was  obtained.    A  similar  thermometer,  placed  withm  sixteen  toMs 
of  blankets,  rang  in  thirteen  to  fourteen  minutes,  and  a  maximum  tempera- 
ture of  215°  to  217° -6  F.  was  obtained.    Inside  a  mattress  a  contact  ther- 
mometer rang  in  thirteen  minutes,  and  a  maximum  temperature  of  214  '4  ^. 
^vas  reached.    Anthrax  spores,  which  resisted  a  temperature  of  212  i.  con- 
tinued for  fifteen  minutes,  were  killed  when  placed  withm  sixteen  folds  of 
blankets  and  between  mattresses  by  treatment  with  thirty  minutes'  steam 
foUowed  by  thirty  minutes'  hot  air.    Blankets  and  clothes  exposed  m  he 
chamber  w^^re  found  quite  dry  when  removed  after  the  completion  of  the 
disinfection  process.    The  Thresh  disinfector  is  in  some  ways  superior  to 
the  Reck  stove     In  both  machines  steam  being  employed  m  the  cuiTcnt 
^o^d^tion  e  ect;  the  air  from  the  stove  and  from  the  pores  of  tl-  ol^ect.  to 
bp  disinfected  and  so  permits  fairly  rapid  penetration.    In  Reck  s  sto^  e, 
howtrr  ftemp^^^^^^         211°  F.  was  only  obtained  between  mattress^ 
after  thirty-five  minutes'  exposure,  whereas  in  Thresh's  ^PP^-  fjj^^^^^ 
ture  of  212°  F.  was  obtained  in  fifteen  minutes.    Threshs  disinfector 
however   suffers  from  the  serious  disadvantage  that  the  boiler  is  apt  to 
L  ome  clogg^^^^     the  saline  solution,  unless  great  care  is  taken  to  keep  the 
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Dlution  at  a  constant  strength.  Also  the  jacket  being  used  as  a  boiler 
■eiiders  cleaning  a  matter  of  considerable  difficulty.  In  all  machines  which 
raploy  confined  steam  under  a  low  pressure  there  is  great  difficulty  in 
enaoving  the  air  from  the  interstices  of  the  objects  to  be  disinfected. 
Relaxation  of  a  low  pressure  does  not  sufficiently  eject  the  air  to  secure 
lerfect  penetration.  We,  therefore,  think  that  in  low-pressure  machines 
■urrent  steam  should  always  be  employed. 

The  importance  of  expelling  air  from  objects  to  be  disinfected  has  long 
leen  realised.    Delepine  has  made  many  experiments  as  to  the  best  way  of 
■  fleeting  this  result  and  securing  penetration  of  steam ;  as  a  result  of  his 
work,  it  appears  that  there  is  "  no  better  way  to  drive  air  out  of  a  steam 
hamber  (and  from  bulky,  porous  objects)  than  by  the  passage  of  an 
liundant  current  of  saturated  steam  through  such  a  chamber."    A  powerful 
urce  of  heat,  combined  with  the  smallest  amount  of  water  compatible  with 
tfety,  and  a  large  steam  outlet  with  a  hght  pressure  valve,  caused  the 
nioval  of  air  to  be  attained  in  the  most  economical  manner.  Delepine's 
vperiments  also  showed  that  the  sjjores  of  the  Bacillus  anthracis,  which 
e  have  taken  as  the  standard  of  resistance,  are  killed  by  saturated  current 
-:ea,m,  free  from  air,  in  thirty-five  seconds.    But  the  actual  time  required 
:o  free  the  steam  from  air  depends  largely  on  the  rapidity  of  the  current  of 
?team,  so  that  it  is  important  to  distinguish  between  rapid  current  steam 
lisinfectors  and  slow  current  steam  disinfectors.     In  order  to  carry  out 
these  ideas  practically,  Delepine  has  constructed  a  new  form  of  disinfector 
which  is  represented  diagrammatically  in  fig.  119. 


Fig.  119. 

"  The  steam  chamber  (A)  is  provided  with  an  outlet  (B),  guarded  by  a 
valve  (C),  opposing  a  resistance  of  a  little  over  2  lb  to  the  square  inch, 
ine  lower  part  of  the  chamber  is  separated  from  the  upper  part  by  a  steam- 
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baffle  (E)  and  slopes  towards  the  door  end  so  that  the  water  can  easily  run 
out  through  the  large  pipe  (G  G'),  which  runs  obliquely  downwards  from 
the  front  to  the  back  of  the  machine,  and  is  closed  at  its  lower  end  by  a 
valve  (G')      Into  this  pipe  opens  another  pipe  communicating  with  the 
external  reservoir  (F),  which  holds  enough  water  for  one  disinfection 
lastiiK^  thirty  minutes.    Projecting  from  the  bottom  of  the  boiler  are  two 
coppe?  plates  (K  K),  which  are  used,  first,  to  guide  the  flame  and  to  prevent 
it  spreading  over  the  portions  of  the  boiler  not  covered  with  water;  second, 
to  force  the  hot  air  to  pass  under  the  whole  length  of  the  boiler  before 
ascending  into  the  jacket;  third,  to  conduct  heat  to  the  water      fhe  t 
heating  apparatus  is  composed  of  two  parts  beside  the  furnace  itself  :  (1)  a 
hot-ail  jacket  0  0,  and  (2)  a  furnace  chamber  T  separated  from  each 
other  by  an  incomplete  partition  U  U.    This  partition,  which  forms  a  kind 
of  roof  to  the  furnace  chamber,  is  opened  in  front  in  the  space  between  the 
two  heat  baffles.     Posteriorly,  this  roof  is  complete  so  that  it  forms  the 
lower  part  of  a  flue  limited  at  the  sides  by  the  heat  baffle  K  K  and  above 
by  the  bottom  of  the  boiler.    But,  as  the  heat  baffles  do  not  quite  i-each  the 
back  of  the  boiler,  this  flue  opens  laterally  into  the  hot-air  jacket,  winch 
therefore,  becomes  a  continuation  of  the  flue  under  the  boiler     As  the  hot 
air  ascends  in  the  jacket  it  is  distributed  by  baffles  which  force  it  to 
circulate  instead  of  ascending  directly  to  the  outlets  0  ,  which  are  openings 
in  a  pipe  surrounding  the  steam  outlet."    The  heat  required  is  ^^^J^f^^Jg 
Sinclair's  "Little  Comet  Lamp,"  which  is  a  petroleum  furnace  in  winch 
prium  vapour  is  burnt.    To  use  the  apparatus, ''(1)  F  is  fil  ed  w^.  .v^^^^^^^ 
the  valves  F',  G'  being  closed ;   2)  valve  P  is  opened,         tiie  ^^^^^^^^ 
allowed  to  run  into  the  boiler ;  (3)  valve  F  is  now  closed ;  (4)  t^e  fm^ace 
which  should  be  as  far  forward  as  possible,  is  hghted^^'    In  less  tl^n  a 
Quarter  of  an  hour  steam  escapes  freely  from  under  the  valve  C.  After 
anSher  quarter  of  an  hour  sterilisation  is  completed.    The  furnace  is  then 
pushed  back  under  the  damper  and  the  flame  inlays  against  the  copper  tube 
G  G'.    Valves  C  and  G'  are  now  opened.     The  water  runs  out  o  the 
boiler  and  immediately  air  rushes  into  the  disinfecting  chamber.    The  air 
Ts  heated  in  the  pipe  G  G'  and  also  ascends  into  the  l-^-ajr  jacke^o  1- 
a  temperature  of  100°  C.  can  be  kept  up  for  twenty  minutes.    The  hot  air 
rerv^s  the  team  which  permeates  the  various  objects  and  completes  the 
diSnfection.    The  results  obtained  with  this  apparatus  have  been  Aerj 
^tm.    Anthrax  spores  pW  in  various  par^^^      the  diam  er  ^ 


satistactory.    ^iwiriii^  opui.<.o  ^^xc...^^  ...  ^  inn"  r     Thp  samet 

kUledby  an  exposure  of  fifteen  minutes  to  steam  at  100         /^^^  f^^J 
effect  was  obtained  when  the  spores  were  covered  with  cigM  foMs  ol 
bknkets.    An  exposure  of  twenty-three  minutes  under  the  ^^^^ 
sufficed  to  destroy  the  most  resistant  spores  m  garden  earth.       ith  regard 
tn  dSvint  the  results  were  equally  satisfactory.    Where  high  pressure  steam 

the  LJoi  an  authority,  Del^pine's  machnie  might 

Tor  ;SrnT  dry  heat,  the  ordinary  drying  dos^^ 
used,  but  it  can  never  be  relied  upon  to  8^?-^^"^--^^^^^^  4  eh  consiS 

the  products  of  combustion,  into  the  j^f  ^  is  pLed  at 
the  temperature  of  the  incoming  and  outgoing  air.    In  addition 
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lercurial  regulator  :is  fixed  in  the  iiilet  flue,  by  means  of  which  the  amount 
f  gas  consumed,  and  consequently  the  amount  of  heat  produced,  can  be 
nntrolled,  and  this  may  be  adjusted  to  any  temperature  desired.  As  a 
uecaution  against  fire,  an  arrangement  is  connected  with  the  outlet  flue 
>y  whichi  when  the  temperature  reaches  300°  F.,  a  link  of  fusible  metal 
melted,  and  by  this  means  a  damper  is  closed  and  the  supply  of  gas  is 
hut  off. 

Xo  matter  by  what  form  of  apparatus  carried  out,  disinfection  by  hot  air 
r  dry  heat  is  not  so  efficacious  as  by  moist  heat,  but  it  is  required  in  the 
ase  of  some  articles,  such  as  leather,  bound  books,  &c.  Probably  220°  or 
ven  212°  F.  would  be  a  sufficiently  high  temperature  to  destroy  all  disease 
vrms  if  thoroughly  applied  ;  but  this  is  the  great  difficulty  in  Kansom's 
iisinfector,  as  in  other  hot-air  stoves,  the  heat  being  very  much  greater  at 
'lue  parts  of  the  interior  than  at  others. 

Chemical  Disinfectants. — If  we  limit  our  conception  of  a  disinfectant  to 
liat  of  a  substance  wliich  is  capable,  by  its  own  inherent  poisonous  action 
ipon  a  pathogenic  organism,  to  destroy  the  life  and  power  of  development 
'f  that  micro-organism,  the  number  of  practical  chemical  disinfectants  is  small. 
\Ve  must  set  aside  all  disinfectants  that  are  expensive,  as  well  as  all  those 
\  hich  are  not  readily  soluble  in  water,  or  otherwise  are  difficult  to  apply  and 
uanipulate.  To  these  conditions  we  may  further  add  that  a  good  disinfectant 
nust  be  rapid  as  well  as  certain  in  its  action.  In  no  case  ought  more  than 
wenty-four  hours  to  be  allowed  for  the  complete  destruction  of  aU  germs, 
uid  in  many  cases  only  a  very  brief  exposure  can  be  obtained. 

Chemical  disinfectants  may  be  solid,  liquid,  or  gaseous ;  but  from  the 
lature  of  the  case  it  is  evident  that  solids  must  be  brought  into  the  form  of 
I  solution  to  enable  them  to  penetrate  throughout  any  substance  to  be  dis- 
iifected.  Disinfectants,  therefore,  are  practically  useful  only  as  solutions, 
)!■  as  gases.    The  most  reliable  disinfectants  appear  to  be  the  following  : — 

Mercuric  chloride,  or  corrosive  sublimate,  is  a  weU-known  and  highly 
nsonous  salt.  A  cold  saturated  aqueous  solution  contains  about  10  per  cent., 
ut  two  parts  of  boiling  water  dissolve  one  part  of  the  sublimate.  It  is  also 
readily  soluble  in  alcohol  or  ether.  Of  a  strength  of  1  in  1000  in  water, 
mercuric  chloride  destroys  the  bacilli  of  glanders,  anthrax,  enteric  fever, 
liphtheria,  the  spirilla  of  cholera,  and  the  micrococci  of  erysif)elas  in  ten 
-econds.  It  is  doubtful  whether  a  solution  of  1-1000  wiU.  destroy  spores  in 
ten  minutes.  The  American  Public  Health  Association  recommend  a  solu- 
tion of  1  in  500  to  be  used  for  spore-containing  infected  material.  As  a 
lisinfectant,  mercuric  chloride  has  three  great  disadvantages  :  (1)  it  corrodes 
metals,  (2)  it  forms  with  albumin  an  inert  insoluble  compound,  (3)  it  is 
poisonous. 

To  guard  against  this  latter  fact  it  has  been  suggested  to  colour  the 
sublimate  solution  with  aniline  blue ;  thus,  mercuric  chloride  |  ounce, 
liydrochloric  acid  1  ounce,  commercial  aniline  blue  5  grains,  water  .3  gallons, 
make  a  solution  of  the  required  strength  and  of  a  deep  blue  colour.  A 
I'etter  colour  is  obtained  by  adding  1  grain  of  the  blue  to  10  gallons;  this 
tint  is  sufficiently  characteristic,  and  does  not  permanently  colour  washing 
fabrics.  In  the  absence  of  aniline  blue  any  other  colouring  agent  may  be 
added,  such  as  permanganate  of  potash. 

By  Schill  and  Fischer's  experiments,  it  appears  doubtful  whether  the 
perchloride  of  mercury  can  destroy  the  spores  of  tubercle  bacilli  in  phthisical 
•^sputa,  even  in  the  proportion  of  1  in  500  solution.    This  inefficient  disin- 
fectant action  is  probably  due  to  the  fact  that  the  salt  enters  into  chemical 
combination  with  the  proteids  of  the  sputum,  or  even  forms  a  coating  around 
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the  bacilli  which  protects  the  contained  spores  from  its  further  action.  This 
peculiarity  of  the  sublimate  somewhat  detracts  from  its  general  utility  as  a 
disinfecting  agent  in  albuminous  materials,  but  the  combination  may  be  pre- 
vented by  acidulating  the  solution. 

Lingard's  experiments  show  that  a  solution  of  sublimate,  1  in  960, 
destroys  the  human  tubercular  virus  in  from  four  to  eight  hours.  Experi- 
ments made  at  Netley  on  this  point  indicate  that  with  a  1  in  1000  solution 
of  mercuric  chloride  at  least  twelve  hours'  exposure  should  be  allowed  for  the 
absolutely  complete  destruction  of  all  tubercular  virus  in  sputa,  and  even 
tlten  the  reagent  must  be  well  mixed  with  the  infected  matter.  One  part 
of  sublimate  in  5000  of  gelatine  is  antiseptic,  or  sufficient  to  inhibit  the 
growth  of  most  micro-organisms. 

Mercuric  iodide  has  lately  come  into  use  as  disinfectant,  bemg  said  to 
have  "double  the  bactericidal  poAver  of  corrosive  sublimate,  wliile  it  is  less 
poisonous."  It  is  insoluble  in  water  but  soluble  in  excess  of  potassnim 
iodide  It  has  been  compressed  into  tablets,  two  of  which  dissolved  m  a 
pint  of  water  give  a  strength  of  1  in  4000.  "For  washing  floors  1  m  4000 
should  be  employed,  and  for  disinfecting  hands  and  instruments  a  strength 
of  1  in  2000  is  suitable."    Mercuric  iodide  does  not  precipitate  albumen.  _ 

Carbolic  acid  (phenol),  when  absolutely  pure,  is  in  the  form  of  white 
crystals  which  melt  at  42°  "2  C.  or  108"  F.  The  solubility  of  these  crystals 
in  water  is  about  1  in  11  ;  a  saturated  solution  in  water  will  contain  about 
8-6  per  cent,  of  phenol.  It  is  more  soluble  in  weak  alkaline  solutions  than 
in  water ;  Avhile,  Avhen  pure,  it  is  soluble  in  all  proportions  m  ether,  alcohol, 
benzene,  chloroform,  and  carbon  disulphide. 

The  ordinary  red  or  dark  brown  fluid  sold  as  carbohc  acid  is  a  mixture  of 
-ortho-,  meta-,  and  para-cresoL  It  is  less  soluble  than  phenol  ;  a  saturated 
aqueous  solution  will  contain  only  about  3-5  per  cent. ;  it  is  soluble  m  weak 
alkaline  liquids,  but  is  precipitated  with  excess  of  alkah.  iHe  cliiel 
impurities  of  commercial  carbolic  acid  are  tar  oils.  Their  presence  and 
approximate  quantity  can  be  estimated  by  shaking  a  measured  volume  ot 
the  acid  with  twice  its  volume  of  pure  soda  solution  of  9  per  cent,  strengt^ 
Thecresylic  and  carbolic  acids  are  dissolved  by  the  alkahne  liquid,  whUe 
the  oils  separate,  the  heavy  oils  sinking  to  the  bottom,  and  the  hght  oi^ 
rising  to  the  top  ;  their  respective  volumes  can  be  then  read  oft.  iHese  tai 
oils  are  apparently  without  any  disinfectant  properties 

Numerous  "carbohc  acid  powders"  are  m  the  market;  these  are  for  the 
most  part  mixtures  of  cresylate  and  carbolate  of  lime,  and  have  no  appreci- 
able disinfecting  properties.  Calvert's  carbohc  acid  powder  is  a  tjpe  o  the 
best  form  of  carbolic  acid  powder,  as  it  has  no  lime  for  its  basis,  but  is 
merely  a  mechanical  mixture  of  the  acid  with  the  sihceous  residue  i;esi^^trng 

manufacture  of  aluminium  ^-Ipl-^  Tt  fm^^^^^^ 

powder  is  another  satisfactory  preparation  of  this  kind.    It      nude  oy 
addina  a  certain  proportion  of  crude  carbolic  acid  to  an  impure  suli^ite  ot 
calcium  pr^^^^^^^^^^^         the  action  of  sulphur  dioxide  on  ignited  limestone 
"    I'Serable  number  of  "  carbohc  acid  -aps,''  containing  more  or  le^ 
free  carbolic  acid,  are  also  in  the  market    foap  alone  we  know 
distinct  antiseptic  qualities,  but  it  is  doubtful  whether  any  of  tl^-^^J^' 
.    acid  soaps  are  of  the  slightest  use  for  disinfecting  purposes,  or  are  in  any 

^^^=He^».ave  been  made  as  to  the  ^ono^^ 
cresol  as  disinfectants.    Their  general  tenor  has  ^^^/^  sho^^^^^^ 
cent,  solutions  of  them  are  able  to  destroy  the  more  feeble  mi^^^^^^^^^^ 
in  twenty-four  hours,  but  to  ensure  destruction  of  spores  and 
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presistant  forms  of  microbial  life  it  is  necessary  to  use  at  least  5  per  cent, 
asolutions  in  water,  and  the  action  must  be  prolonged  over  a  day  at  least. 
VWynter-Blytli  aptly  remarks  that  "  if  specific  excreta  are  treated,  it  is  doubt- 
fiful  whether  5  per  cent,  solutions  are  of  sufficient  strength,  because  associated 
wwith  the  hurtful  material  there  is  a  quantity  of  organic  matter  which  must 
oon  the  one  hand  remove  some  of  the  phenol  from  the  sphere  of  action,  and 
fion  the  other  impede  the  contact  of  the  phenol  with  the  substance  which  we 
flwish  to  disinfect."  Tubercle  bacilli  are  destroyed  by  a  5  per  cent,  solution 
oof  carbolic  acid  in  half  a  minute,  but  fresh  sputum,  containing  bacilli,  requires 
tithe  addition  of  fta\  equal  quantity  of  this  solution,  which  must  be  allowed  to 
iwact  for  twenty-four  hours  in  order  to  ensure  thorough  disinfection. 

Closely  allied  to  phenol  and  the  cresols  is  creasote,  which  is  a  mixture 
Liof  several  phenol-like  bodies.  Owing  to  its  insolubility  in  water,  creasote  is 
L\of  little  practical  value  as  a  disinfectant.  Some  experiments  made  indicate 
tit  to  be  about  equal  in  value  to  cresol.  It  possesses  marked  antiseptic 
>properties,  and  on  this  account  is  largely  used  in  the  preservation  of  timber. 

The  disinfecting  value  of  the  aromatic  acids,  phenyl-propionic  and  phenyl- 
lacetic,  have  been  investigated  by  Klein.  He  found  that,  as  regards  spore- 
dess  anthrax  bacilli,  they  were  killed  on  exposure,  even  for  a  few  minutes, 
tto  solutions  of  either  of  the  acids  in  the  strength  of  1  in  400  or  less.  A 
donger  exposure  was  necessary  for  weaker  solutions.  Their  action  on  the 
virus  of  swine-plague  was  marJced  when  the  strength  was  not  less  than  1  in 
J800,  but  tubercle  bacilli  and  spores  of  anthrax  appeared  resistant  to  even 
Jthe  strong  solutions.    Both  these  acids  are  strongly  antiseptic. 

Jzal,  which  is  a  comparatively  new  disinfectant  extracted  from  an 
ixmltnown  oil  obtained  from  certain  coke  ovens,  is  a  creamy-looking  emulsion, 
ihaying  an  earthy  smell,  coui^led  with  a  faint  odour  suggestive  of  phenol, 
lit  is  readily  mixed  with  Avater,  forming  a  milky  emulsion.  Its  disinfecting 
>properties  have  been  extensively  investigated  by  us  and  found  satisfactory. 
\A  20  per  cent,  emulsion  destroyed  the  highly  resisting  spores  of  B.  suUilis 
land  B.  mesentericus  in  thirty-five  minutes.  A  10  per  cent,  emulsion  killed 
rvirulent  spores  of  anthrax  bacilli  in  twenty  minutes.  ISTon-spore-bearing 
ispecimens  of  the  above  bacilli  were  destroyed  after  five  minutes'  exposure  to 
)0-5  per  cent.,  or  1  in  200  emulsion.  A  0-3  per  cent,  emulsion  destroyed  the 
tstreptococcus  of  pus ;  and  exposure  for  half  an  hour  to  a  1  per  cent,  emulsion 
fwas  suificient  to  destroy  the  enteric  fever  bacillus  and  the  spirilla  of  cholera. 

Our  observations  dispose  us  to  regard  izal  as  a  disinfectant  of  consider- 
ilable  practical  value,  and  that  for  concrete  cases  of  disinfection  of  morbid 
umaterials  from  the  various  infectious  disorders,  an  exposure  for  fifteen 
Bminutes  in  the  strength  of  1  per  cent.  Avill  be  sufficient.  Moreover,  izal, 
■>bemg  free  from  poisonous  properties  when  introduced  by  injection  into  the 
^tissues,  or  when  administered  by  the  stomach,  possesses  qualities  which 
>:practically  no  other  efficient  disinfectant  affords.  The  inhibitory  or  anti- 
«8eptic  value  of  izal  is  equally  defined,  as  neither  spores,  micrococci,  or  non- 
isporing  bacilli  and  spirilla  can  germinate  in  medicated  media  if  the  amount 
'lot  dismfectant  added  is  O'l  per  cent. 

Lysol,  a  pure  cresol-preparation,  is  used  extensively  as  a  disinfectant, 
lit  mixes  in  any  proportion  with  water,  and  a  2  per  cent,  solution  appears  to 
"be  equal  to  a  5  per  cent,  solution  of  carbolic  acid.  It  is  said  to  be  practically 
''non-poisonous  and  does  not  roughen  the  skin.  It  is  also  an  excellent 
waeodorant. 

Chlorine  holds  the  first  place  among  the  gaseous  disinfectants  in  common 
may  be  prepared  for  the  purposes  of  disinfection  by  heating 
together  a  mixture  of  common  salt,  manganese  dioxide,  and  sulphuric. 
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acid,  or  simply  "by  the  action  of  hydrochloric  acid  on  manganese  dioxide. 
Both  these  processes  are  somewhat  inconvenient,  and  it  is  more  easily 
evolved  from  chloride  of  hme  (CaCU,Ca(C10)2)  or  bleaching  powder  by 
the  addition  of  an  acid;  thus  CaCl2,Ca(C10)2  +  2H2SO,  =  2CaS04  +  2HCl  + 
2HC10;  then  2HC1  + 2HC10  =  2CI2  +  2H,,0.  Theoretically,  bleaching 
powder  contains  56  per  cent,  of  chlorine,  but  it  is  doubtful  whether  the 
whole  of  this  gas  is  obtained  on  decomposition.  Practically,  one  pound  of 
the  powder,  on  being  treated  witli  sufficient  acid  to  completely  decompose 
it,  Avill  evolve  about  2*8  cubic  feet  of  chlorine  gas. 

We  are  indebted  to  the  researches  of  Fischer  and  Proskauer,  and  to  Cash 
for  most  of  our  knowledge  concerning  the  disinfectant  action  of  chlorine. 
In  ordinary  dry  air,  5-38  parts  of  chlorine  per  1000  cubic  feet  of  air  appear 
to  be  necessary  to  kill  all  micro-organisms.  If  the  air  be  moistened,  wliich 
may  be  done  by  wetting  the  walls,  floors,  &c.,  and  by  diffusing  steam,  1 
0-3  per  cent,  by  volume  in  each  1000  cubic  feet  of  air  is  sufficient,  disin- j 
fection  being  complete  in  from  five  to  eight  hours.  This  quantity  of  the 
gas  can  be  generated,  practically,  by  decomposing  li  ft  of  chloride  of  lime 
with  6  ounces  of  strong  sulphuric  acid  for  each  1000  cubic  feet  of  space  to 
be  disinfected.  Or,  as  an  alternative,  for  the  same  cubic  space  the  following 
should  be  used  -.—common  salt,  8  oz.  ;  manganese  dioxide,  2  oz.  ;  sulphuric 
acid,  2  oz.  ;  water,  2  oz.  :  the  water  and  acid  to  be  mixed  together,  and 
then  poured  over  the  other  ingredients  in  a  delf  basin,  which  should  be 
placed  in  a  pipkin  of  hot  sand.  Or  four  parts  by  weight  of  strong  hydro- 
chloric acid  may  be  poured  on  one  part  of  powdered  manganese  dioxide. 
Chlorine  decomposes  hydrogen  and  ammonium  sulphides  at  once,  and  more 
certainly  than  any  other  gas.  It  doubtless  destroys  organic  matter  in  the 
air,  as  it  bleaches  organic  pigments,  and  destroys  odours,  either  by  abstract- 
ing hydrogen,  or  by  indirect  oxidation.  Its  action,  however,  depends 
greatly  upon  the  humidity;  disinfection  by  chlorine  in  dry  air  being  very 
uncertain.  It  is  an  extremely  irritant,  poisonous  gas,  and  being  very  heavy 
tends  to  fall,  necessitating  the  generating  vessel  to  be  placed  in  an  elevated 
situation,  in  order  to  secure  anything  like  equal  diffusion.  Carpets, 
curtains,  &c.,  should  be  removed  and  disinfected  by  moist  heat,  as  chlorine 
fails  to  destroy  organisms  in  them,  and  they  themselves  would  be  injured 
by  its  action. 

Euchlorine,  a  mixture  of  chlorous  acid  and  free  chlorine,  obtauietl  by 
gently  heating  (by  placing  the  saucer  in  warm  water)  a  mixture  of  strong 
hydrochloric  acid  and  potassium  chlorate,  has  been  also  used  instead  of 
pure  chlorine.  The  odour  of  euchlorine  is  more  pleasant  than  that  of 
clilorine ;  it  acts  as  rapidly  on  iodide  of  potassium  and  starch  paper,  and 
appears  to  have  a  similar  action  on  organic  substances;  it  is  probably 
inferior  to  pure  chlorine,  but  the  ease  of  development  and  its  pleasanter 
smell  are  in  its  favour.  , 

Chlorine  fumigation,  carried  out  under  the  best  conditions,  may  tail,  ana 
often  does  fail,  to  disinfect  spore-holding  material  covered  over  or  lurking 
in  chinks  or  cracks.  Delepine  and  Ransome's  observations,  upon  tue 
practical  disinfection  of  tuberculous  rooms  by  chlorine,  show  clearly  that, 
as  often  perfunctorilv  carried  out,  attempts  at  disinfection  by  chlorme  gas 
are  fallacious.  These  observers  recommend  that,  m  place  of  evolving  tne 
crude  gas  from  inconvenient  apparatus,  the  chlorine  in  the  nascent  state  may 
be  generated  in  the  places  required  by  thoroughly  waslnng  all  parts  of  a  room 
with  a  1  in  100  solution  of  bleaching  powder.  After  the  application  of  the 
solution,  chlorine  continues  to  be  evolved  so  long  as  all  the  cblorinated  hme 
has  not  been  decomposed,  and  that  without  anything  further  being  requires 
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t  to  be  done.  If  necessary,  it  is  easy  to  increase  its  activity  by  adding  an 
a  acid  to  the  solution,  or  by  saturating  the  air  of  the  rooms  with  acid  fumes 
;i  and  by  raising  the  temperature  for  a  few  hours.  Tliis  washing  with  chloride  • 
t  of  lime-water  should  for  safety  be  repeated  three  or  four  times  in  succession. 
1 3j  starting  each  time  at  the  same  corner  of  a  room,  each  layer  would  have 
:  time  to  penetrate  into  the  wall  and  partly  dry  before  the  next  is  applied. 
1  The  room  may  be  closed  afterwards,  a  small  safe  petroleum  stove  being  first 
f  placed  in  the  middle  of  the  chamber,  precautions  being  taken  to  prevent 
a  any  chance  of  fire.  Over  this  stove  a  large  tin  basin  full  of  acidified  water 
i  or  chlorinated  lime  solution  should  be  placed. 

Disinfection  by  chlorine  in  this  way  should  be  complete  in  less  than  three 
1  hours.  Bleaching  powder  itself  does  not  spoil  things  as  much  as  one  would 
e  expect,  and  can  be  used  as  indicated  in  rooms  from  which  all  draperies  and 
c  carpets  have  been  removed  without  any  fear  of  damage,  provided  the  walls 
:iand  ceilings  are  not  decorated  with  valuable  paintings  or  papers.  The 
(  quantity  of  powder  required  for  a  room  measuring  10  feet  in  all  directions 
\  would  not  be  more  than  8  ounces,  and  the  quantity  of  water  3  pints  for 
c  one  washing. 

Sulphurous  acid,  or  sulphur  dioxide,  has  been  for  many  years  the  most  fJ<i  ^.  T 
c  common  and  favourite  disinfecting  agent,  owing  to  its  cheapness  and  the  '  ' 
t  ease  with  wliich  it  can  be  generated.    This  gas  is  formed  whenever  sulphur 
i  is  burned  in  air  or  oxygen.    It  is  usually  generated  by  burning  roU  sulphur ; 

room  is  sealed  up  as  hermetically  as  possible,  the  sulphur  lighted  in  some 
s  suitable  receptacle,  and  allowed  to  burn  as  long  as  it  will.  A  still  more 
c  eonvenient  method  is  to  take  an  ordinary  benzoline  lamp,  fill  it  with  carbon 
I  bisulphide,  and  light ;  as  the  carbon  bisulphide  is  consumed,  the  sulphur  is 
e  evolved  as  sulphur  dioxide.  The  generation;  of  sulphur  dioxide  by  these 
I  means  is  now  largely  superseded  by  the  employment  of  sulphurous  acid 
1  Hquefied  under  pressure,  and  which  is  supplied  by  the  manufacturers  in 
c  cyhnders  available  for  convenient  use.  When  sulphur  is  burned  in  a  per- 
f  fectly  closed  space,  its  consumption  is  limited  by  the  quantity  of  air  in  that 
s  space  :  theoretically,  a  cubic  foot  of  air  will  burn  up  634  grains  of  sulphur, 
t  but  It  will  not  do  this  unless  freely  supplied  with  aii\  One  pound  of 
-<  sidphur,  when  completely  burnt,  gives  off  11-2  cubic  feet  of  sulphur  dioxide 
V  which  for  1000  cubic  feet  of  space  gives  1  -12  per  cent.  With  the  addition 
u  of  alcohol  under  careful  experimental  conditions,  40  per  cent,  of  the  possible 
t  total  quantity  of  sulphur  in  a  closed  space  can  be  burnt,  but  in  ordinary 
r  rooms  not  much  more  than  20  per  cent,  is  usually  consumed.  To  attain 
t  the  maximum  consumption,  the  sulphur  must  be  broken  up  into  pieces  not 
li  larger  than  a  hazel  nut,  and  divided  about  a  room,  never  putting  more  than 
.'One  pound  in  any  one  vessel. 

Sulphur  dioxide  is  a  powerful  reducing  agent,  uniting  with  the  oxygen 
••01  many  substances  to  form  sulphuric  acid.    It  may  occasionaUy  give  up 
•'«xygen  and  when  mixed  with  much  vegetable  matter  may  itself  give  rise 
10  sulphuretted  hydrogen.    Commonly,  it  destroys  hydrogen  sulphide,  form- 
ing water  and  sulphur. 

,   The  bactericidal  or  disinfectant  value  of  sulphurous  acid  lias  been  exten- 
sively investigated  by  Cash,  Wolffhiigel,  Koch,  and  others.    On  the  whole 
tneir  results  have  been  unsatisfactory,  though,  on  the  other  hand,  Dubief 
<^n^  ^tH^'-'I      ^°  ^®      efFeetual  germicide,  especially  when  the  air  is 
■  2  '  ,         P''^'''^*^        ''''^•^  ^^^^  ^Sain  that  the  best  results  with  this 

iiafa.  ^      obtained  under  very  strict  experimental  conditions,  such 

■x,htSJ''T!     unattainable  in  ordinary  circumstances.    The  best  results  are 
"tainea  by  well  moistening  the  sulphur  with  methylated  spirit,  when  under 
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tlie  most  favourable  conditions,  the  air  of  the  room  thus  disinfected  may 
contain  10  per  cent,  of  sulphur  dioxide.  Koch's  experiments  show  that 
even  when  present  to  this  extent,  and  the  air  saturated  with  moisture,  micro- 
organisms grew  vigorously  after  twenty-four  hours'  exposure.  To  obtain 
this  percentage  of  sulphurous  acid  gas  in  the  air,  even  under  favourable 
circumstances,  it  would  require  at  least  10  lb  of  sulphur  to  be  burnt  for  each 
1000  cubic  feet  of  air  space ;  as,  however,  it  is  impossible  to  burn  up  all  the 
sulphur,  even  this  quantity  would  not  yield  the  amount  of  SOo  theoretically 
required.  As  the  disinfection  of  any  given  place  is  usually  a  complex  opera- 
tion, involving  afterwards  mechanical  processes  of  scrubbing  and  cleansing, 
it  is  possible  that  a  less  quantity  may  suffice,  but  in  any  case  this  should 
not  be  placed  at  a  lower  limit  than  3  tt)  of  sulphur  for  each  1000  cubic  feet 
of  space.  Too  great  reliance,  however,  must  not  be  placed  upon  disinfection 
by  means  of  sulphurous  acid  ;  at  best  it  is  an  uncertain  agent,  and  distinctly 
inferior  to  either  chlorine  or  nitrous  acid.  The  slightest  covering  will 
protect  micro-organisms  from  its  action. 

Nitrogen  tetroxide  can  be  evolved  by  placing  a  piece  of  copper  in  nitric 
acid  and  a  little  water.  The  nitrogen  dioxide  which  is  given  off  takes 
oxygen  from  the  air,  and  red  fumes,  consisting  chiefly  of  nitrogen  tetroxide 
(^204),  are  formed. 

"The  oxidising  action  of  nitrogen  tetroxide  is  very  great  on  organic 
matter.  It  removes  the  smell  of  the  mortuary  sooner  than  any  other  gas. 
It  is  very  irritating  to  the  lungs,  and  in  large  quantities  may  cause  vertigo, 
nausea,  vomiting,  and  even  death  :  great  care  is  required  in  its  use. 

The  action  of  nitrogen  tetroxide  results  from  the  ease  with  which  it 
parts  with  oxygen  to  any  oxidisable  substance,  being  converted  into  nitrogen 
dioxide,  which  again  at  once  combines  with  atmospheric  oxygen. 


D 

and  SO' 


on. 


For  1000  cubic  feet,  take  copper  shavings,  1  oz. ;  nitric  acid,  3  oz. ; 
water,  3  oz. ;  then  pour  the  mixed  acid  and  water  upon  the  copper  in  a 

small  jar.  i-  •  c  • 

If  precautions  are  taken  to  reduce  leakage  to  a  minimum,  disnifection 
by  means  of  fumigation  with  any  of  the  three  gases  above  mentioned  may  be 
able  to  destroy  most,  if  not  all,  of  the  freely  exposed  and  less  resistant 
micro-organisms;  more  than  this  cannot  be  expected.  Exact  experiments 
as  regards  nitrogen  tetroxide  are  wanting,  but  some  few  observations  that 
have  been  made  indicate  that,  as  a  germicidal  agent  for  disinfecting  purposes, 
it  holds  a  position  somewhat  superior  to  sulphurous  acid  but  inferior  to 
chlorine.    As  a  deodorant  it  is  undoubtedly  superior  to  both. 

Formaldehyde.— Tug,  value  of  formaldehyde  as  a  gaseous  disinfectant  has 
been  established  by  the  work  of  many  observers.  The  gas  may  be  generated 
in  various  ways.  The  first  experiments  in  this  country  were  made  '-W.^^^'^te^ 
and  Rideal  who  generated  formaldehyde  gas  by  evaporating  formalin  (4U 
per  cent,  solution  of  formaldehyde)  in  an  open  dish.  By  this  method  a  con- 
siderable quantity  of  soUd  paraform  formaldehyde  is  produced  so  that  no 
reliable  quantity  of  gas  can  be  obtained.  In  France  and  Germany  lamps 
were  devised  for  generating  formaldehyde  directly  from  methyl  alcohol.  1  le 
most  recent  of  these  lamps  is  the  one  devised  by  Richard  and  known  as  tlie 
Formogene  Richard.  This  lamp  is  composed  of  a  reservoir  for  .the  methyl 
alcohol :  from  the  bottom  of  the  reservoir  the  methyl  alcohol  is  led  to  tlie 
burner  by  a  U-shaped  tube.  The  burner  resembles  in  construction  an 
Argand  burner,  and  is  so  arranged  that  it  can  be  covered  with  a  cup  or  l^rass 
■u„ii  4.i,„  „r.,.„^  ,.oT.f  of  Tvhi-ch  is  formed  by  a  wire  case  containing  platmiseu 

allowed  to  reach  the  wick  from  below,  the  spirit 


asbestos.    So  long  as  air  is 
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ontinues  to  burn  with  a  flame  even  after  the  beU  has  been  placed  over  it; 
lilt  by  closing  the  lower  part  of  the  tube  the  flame  is  extinguished.    If  the 
lame  is  put  out  after  the  platinised  asbestos  has  been  heated  sufficiently 
the  alcohohc  vapours  wiU  continue  to  rise,  and,  on  coming  in  contact  with  the 
hot,  finely-divided  platinum,  will  become  oxidised  so  as  to  form  formic 
Idehyde  and  water.    Air  is  supplied  to  aU  the  parts  of  the  wire  case  con- 
iimng  the  platinised  asbestos.     A  lamp  holding  tliree  litres  of  methyl 
Icohol  and  supphed  with  three  burners  is  supposed  to  generate  formic 
Idehyde  gas  m  sufficient  quantity  to  disinfect  a  room  of  a  capacity  of  about 
-700  cubic  feet.    Deldpme's  experiments  with  this  lamp  showed  that  the 
"  f  •  P'Jocyaneus,  B.  tuberculosis,  and  Staphylococcus  in/ogenes  aureus 

\vere  killed  whether  m  the  dry  or  moist  state,  even  when  placed  in  deep  narrow 
recesses  or  protected  by  one  to  three  layers  of  filtered  paper,  or  embedded  in 
A  thick  layer  of  sputum.  The  spores  of  B.  anthracis  were  killed  in  twelve 
experiments  out  of  nineteen,  made  under  conditions  not  favourable  to  the 
ree  access  of  the  gas."  Kanthack  also  obtained  very  good  results  with  the 
tormogene-Richard  lamp.  In  our  experiments  we  found  that  a  litre  of 
wood-spirit  was  required  for  every  1000  cubic  feet;  but,  as  wood-spirit  of 
:he  proper  quahty  and  strength  costs  about  10s.  per  gallon,  the  expense  of 
-he  process  militates  against  its  universal  adoption. 

A  second  method  of  generating  formaldehyde  is  to  convert  solid  para- 
ormaldehyde  into  gas  by  heating  it  in  the  presence  of  water  vapour.  This 
s  known  as  Schering's  method,  and  in  Germany  the  "  Aesculap  "  lamp  is 
'luployed  for  this  method  of  disinfection.  Tablets  of  paraformaldehyde 
■ach  of  which  weighs  one  gramme,  are  placed  in  the  upper  portion  of  the 
amp,  and  are  then  converted  into  gas  by  the  heat  and  moisture  derived 
rem  he  combustion  of  methylated  spirit.  In  England  "  AJformant "  lamps, 
V  and  B  have  been  devised  for  Schering's  method,  but  they  give  too  small 
quantity  of  water  for  the  best  results.  This  defect  has  been  remedied 
ecently  by  the  introduction  of  the  "  Hydrof ormant »  lamp,  in  which  is 

r/"Tll'  ^''''^  -"^'^"'^  P  '"''^^'^        this  water  is  converted 

10  steam  at  the  same  time  as  the  tablets  are  converted  into  gas.  Flii^ge 

tes  that  250  tablets  should  be  vaporised  in  the  Aesculap,  in  orderla 
.infect  a  room  having  a  capacity  of  100  cubic  metres.    Neisser  has  made 
Setrnfj  9^?""^'?'  Schering's  method.     He  vaporised  140 

r  nt  Tv  ^      f  1^  a  ^00^  ^^ith  a  capacity  of  2471  cubic  feet. 

~  '''^S  «^      dipT^therice,  Staphylococcus 

TciZr'?  'T^  f-fP''^''^'^^^  pyogenes,  also  linen  strips  covered  with  an 
lies  nT,.  w  ^  ^^T"''  ^^'^^^^  containing  anthrax 

ble  and  nn  fl  f  P^*^^"^  throats  were  exposed  under  the  roof,  on  a 
om  onll  if       IT'-  °^  thirty-five  cultures  placed  in  the 

Z  ?S  f  1  '.1"^^'''"'  Staphylococcus  pyogenes  aureus  spread  on  linen 
ftWf  nf  f  exposure  of  seven  hours.    Neisser  also  tried  the 

fter  ZlTT  ^  ^^^'^^  "^'^P''"'      t'^^ercular  sputum  dried  on  pieces  of  linen. 

er  seven  hours  exposure,  eight  of  these  infected  strips  and  four  controls 
Z  sputum  were  inoculated  into  guinea-pigs.    At  the  end  of 

'US  CtThV.  r/^^  ^'''1'  "'"'^'^^  guinea-pigs  were  found  tubercu- 

^le  ^   ,f  '^^^^^^  inoculated  with  the  sputum 

.  Pr,>n  ?  ^«™aldehyde  vapour  were  found  perfectly  healthy.  In  our 
S^pTr  lOOeub?  T  niethod,%ve  alL  found'  that  fi^e 

ateria   wTl  i        .  J''  thorough  disinfection  of  infected 

^ntSdi^tral^^^^^^^^^  '^''-'^        100  cubic  feet  should  be 

3  A 
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C  Flil-^'e  has  suggested  what  is  known  as  the  "Breslau  method. 
This  "depends  on  the  fact  that  paraformaldehyde  is  only  formed  in  con- 
siderable quantities  when  a  solution  of  formalin  is  concentrated  beyond 
fortv  per  clnt  So,  in  this  method,  the  formaldehyde  is  obtamed  by  heating 
a  dilute  solution  of  formalin,  which  must  not  be  vaporised  until  it  becomes  bo 
concentrated  as  to  cause  the  formation  of  paraformaldehyde.  Sufficient 
watervapour  is  also  produced  in  the  room  to  prevent  the  gas  produced 
being  converted  into  L  solid  paraformaldehyde.  From  a  table  supplied 
the  operator  obtains  the  amount  of  solution,  the  required  dilution,  and  the 
amount  of  sijirit  necessary  for  the  cubic  space  to  be  disinfected. 

Sossman  introduced  a  method  in  which  the  formaldehyde  vapour 
is  Ob  lined  by  heating  formalin  mixed  with  10  per  cent,  of  glycerine. 
Polvmerisation  is  said  to  be  prevented  by  the  presence  of  glycerine 

Sat  one  of  the  first  wirkers  with  formaldehyde  vapour  volatilised 
formalin  'mixed  with  calcium  chloride,  under  a  pressure  of  three  atmos- 
phe^esTi;  an  autoclave.  This  method  has  not  found  much  favour,  owmg  to 
tbp  exnense  involved  in  working  with  an  autoclave. 

Ittiae  pi-esent  time  Schermg's  method  is  largely  used  in  England,  but. 
as  a  rule  too  few  tablets  are  employed  to  ensure  thorough  disinfection. 

In  a£on  to  the  foregoing,  numerous  other  chemical  reagents  have  from 
time  to  time  been  suggested  as  disinfectants.  Of  these  ^od^ne  is  not  well 
Xted  foT^se  as  a  fumigating  agent,  chiefly  on  -o-^^f^fj^^t^,^^^^^ 
vaoour  which  is  8-5  times  heavier  than  air,  rendering  its  equal  diflusion  i  ery 
2St  ld\ne  trichloride  possesses  marked  disinfectant  P-P-ties  m  sohj 
Hon  of  1  per  cent  but  its  chief  value  lies  in  its  antiseptic  powers,  1  m  3000 
.rvent  n?tir'rowth  of  a  variety  of  pathogenic  organisms;  there  is  one 

luTeseneed  to      of  6  per  cent  =f        -to^^'Sft^nat  oS^ 

useless  to  add  a  little  oi  d.o       v.  reacrent  or  a  highly  -con 

case  of  a  salt  like  permanganate  of  V^l''^'^2Tt^ "     '  ic  matf- 
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observed  in  practice,  and  that,  in  consequence,  what  is  intended  to  be 
disinfection  more  often  than  not  amounts  only  to  deodorisation,  or  at  most  to 
imperfect  anti-septicising. 

From  what  has  been  said,  it  will  be  seen  that  disinfectants  and  dis- 
infecting processes  have  not  aU  the  same  value,— the  most  powerful  and 
lehable  being  fire,  boihng,  steam,  "exposure  to  dry  air  at  or  above  250°  F  for 
irom  eight  to  nine  hours,  corrosive  sublimate  (1  in  500),  carbohc  acid  of  not 
ess  strength  than  5  per  cent.,  and  izal  5  per  cent.  Among  those  capable  of 
destroying  sensitive  but  not  the  more  resistant  micro-organisms  are  chloride 
of  lime,  nitrous  and  sulphurous  acids,  3  or  4  per  cent,  solutions  of  carbolic 
acid,  brief  exposures  to  heat  and  weak  solutions  of  corrosive  sublimate  and 
izal  FinaUy,  among  those  that  have  been  shown  by  experiment  to  be 
unable  to  destroy  bacteria,  under  the  conditions  usuaUy  occurring  in 
pmcfcice,  are  solutions  of  chloride  of  zinc,  ferrous  sulphate,  1  or  2  per  cent 
so  utions  of  carbohc  acid,  boracic  acid,  and  other  disinfectants  in  excessive 
Jilution.  Hot  air  and  fumigation  applied  to  bulky  objects  for  inadequate 
periods  of  time  are  equally  ineffective  tuequaie 

he  hulnf"' rl°''      1  ^^^^S.~All  articles  of  little  value  should 

IpT^'  ^^",fPPi^^'^*i°^  °f  l^^^^t  some  way  is  the  most  sure  and  at  the 
,ame  time  usuaUy  the  most  practicable  method  of  disinfection.  For  bulkv 
u-  icles,  such  as  bedding,  blankets,  and  clothing  generaUy,  moist  heat  or 
.xtui^ted  steam  wUl  be  found  the  most  efficacious.  °In  the^^aSTf  bedding 
Axe  hair  or  feathers  m  mattresses  or  pillows  may  be  taken  out  and 
oosened  before  exposing  them  to  disinfection  by  heat.  Where  moist  heat 
•aunot  be  apphed  or  obtained,  exposure  to  dr/  air  at  or  abovnto"  F 

0  about  nine  hours  should  be  secured;  but  in  no  case  should  efforts  a 

1  infection  by  means  o   dry  heat  be  substituted  for  moist  heat  when  the 
atter  procedure  is  available. 

In  circumstances  where  no  means  exist  for  disinfecting  bulky  articles  of 
lothing  and  bedding  by  these  methods,  they  should,  if  possible  be  destroved 
ome'Si.  "'T  '"^f'  '""V  ^^^^^^^  for  some  r^^^^^^^^^ 

1       ^  ^  Carbohc  acid,  5  parts  to  100  of  water,    (c)  Bichloride  of 

Uo^fofi^^^^^^^^  '  ^^^^^^  -iHnebluVsgral^fto  a 

lionld  ll  T  \  .,^ft«^/ofking  in  any  one  of  these  solutions,  the  clothin- 

SSi^r^  boiled  and  thoroughly  washed  with  soap  and  wLter  ° 
iJ^e^TflZl  r^^^^  and  Discharges.-The  iine  and  bowel  dis- 
lionlrl\    i'^equent  in  enteric   fever,  cholera,  dysentery,  and  diarrhoea 

"o   ovZ"'"'"^  'it  carbo  J'acid  soSn Tl 

20  '  witfa  Wb  ""^r  '^^*'°^.  ^  ^0^'  Siyen  above),  or  izal  1 
U'eeVa  terwt^^^^^^  1  "^/f^  quantity  of  the  disinfectait 

■uir  for  fir  1    %  T   .  T^'"^^  ^®  ^^11  ™ixed,  left  for  half  an 

r  Jd  H       disinfectant  to  act,  and  then  either  burnt,  buried,  or  dis 

SardsT^^^^^^^^  be  weli  flush  d 

^^^i^J^^^  ''''  -  -  ^or 

■llected  in  f         f  V  "•'^'1  to^^ns.    The  f^ces  are 

'  ntu?np?l  ^  ^"^^^^  «ff-«l^oot  fi-o"^  the  ward!    Steam  is 

and  whentSdriS^t^^  SoX/r:: 
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In  cholera  and  yeUow  fever,  the  vomited  matters  should  be  treated  in  the 

"LnVctetSs  to  be  observed  in  the  treatment  of  all  other  discharges 
from  the  sick.  Thus,  all  discharges  from  the  mouth,  throat,  nose,  and  kin|8 
in  diphtheria,  whooping-cough,  scarlet  fever,  smaU-pox,  meas  es,  and  phthisis 
should  be  wiped  away  with  pieces  of  rag  in  place  of  handkerchiefs ;  these 
raRS  to  be  burnt  after  use.  Failing  this,  they  should  be  treated  in  a  simdar 
mfnner  as  an  infectious  stool.  In  diphtheria  and  scarlet  fever  direct 
Wication  of  some  disinfectant  is  advisable.  In  scarle  fever  and  smaU- 
iox  when  the  infective  matter  exists  in  the  skin  particles  so  freely  given 
off  crre  should  be  taken  to  render  these  particles  innocuous.  This  can,  to 
flarrexS  be  accomplished  by  washing  the  skin  with  warm  water  and 

a  medicated  oleaginous  preparation  made  by  mixing  1  drachm  of  carbonc 
acM  aid  3  of  eucalyptus' oil  in  8  fluid  ounces  of  ohve  or  almond  oil  ^ 
the  sle  diseases,  much  good  results  from  or  s.^^^^^^^ 

iTiniil-h  and  nose  with  a  warm  solution  of  common  salt  (about  2  diaclims  oi 
sa?U^th  ha'f  a  Irachm  of  boric  acid  to  a  pint  of  water),  and  then  burmng 

Z^A^lS^noi  Excretal  Discharges. -Apart  from  their  disinfection  it 

IZ'l'S^X^^"  most  powerful  as  a  deodorant, 

Tnrat  as  a  .tenliser:    Quicklime,  5  parts,  and  carbohc  acid,  1  part,, 

/m,  which  contains  26  grams  ofjmc  ^'"J^'J'  Yj       L   „m  ^^oti^ 

used  in  strength  of  1  pmt  to  ^      °"  f  cLy'  flnid,  preve.« 

excreta.  .  ? '  ^""^^1%!*  s^  C  bnt  itWf ' 

Thf^SnXy"  ha.  similar  powers.hu. 

■nrslS^iS  aU  good  deodorants  a^^^^^^^^^ 

to  false  ideas  of  secvu-ity.  p,,„„itiire  —An  accent  of  the  first  importance 

,0,  S,^'S£Sioirrn:t 'n^rdlAe  free  perftation  oi  frch 
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while  all  woodwork  should  be  well  scrubbed  with  soft  soap  and  hot  water, 
ov  washed  with  a  corrosive  sublimate  solution  (1  in  5000)  or  cliloride  of 

lime  (1  in  100).  The  walls  also  should  be  well  washed  with  the  same 
solutions.  The  experiments  of  Chamberland  in  France,  and  Delepine  in 
tins  country,  leave  little  doubt  that  washing  with  chloride  of  lime  gives  the 
niost  satisfactory  disinfection  of  all  surfaces  to  which  it  can  be  applied. 

1  he  difficulty  of  ordinary  room  disinfection  is  that  the  surfaces  and  objects 
ro  be  treated  are  unduly  injured,  not  merely  by  this  corrosive  chemical  but 
Ijy  the  process  of  Avashmg  with  any  liquid.  An  attempt  to  overcome  this 
objection  has  been  made  by  means  of  the  Geneste-Herscher  sprayer.  This 
IS  an  apphance  for  mechanically  projecting  a  Hquid  disinfectant  in  the  form 
ut  a  spray  sufficiently  fine  to  aUow  each  drop  to  rest  where  it  strikes  and 
^vhere  necessary,  with  a  velocity  sufficient  to  inject  it  into  any  surface  irregu- 
larities. Mackenzie  strongly  advocates  disinfection  by  spray.  He  has  used 
the  method  for  over  three  years  without  any  recurrence  of  infection,  except 
\vithin  the  mcuhahon  period.  Wards  occupied  bv  scarlet  fever  cases  were 
^l.rayed  and  then  received  diphtheria  cases,  but  nJt  a  single  case  of  scarlet 
i-ver  developed  amongst  them.    In  the  same  way  wards  exposed  to  chicken- 

)x  lor  weeks  were  used  for  measles  without  any  cross-infection.  These 
.ractical  results  are  even  more  convincing  than  laboratory  experiments,  and 
diow  that  the  spray  when  properly  used  is  an  efficient  method  of  disinfection 
Mackenzie  uses  a  solution  containing  four  ounces  of  formalin  and  five  ounces 
.t  glycerine  in  one  gallon  of  water.  An  exposure  of  half  an  hour  at  least 
^hoidd  be  secured;  this  is  easily  effected,  as  if  the  surfaces  of  a  room  are 
horoughly  sprayed  they  remain  wet  for  at  least  an  hour,  and  a  strong  smeU 
fo^'-^ldehyde  is  perceptible  after  four  or  five  hours.  Sprayin"  with 
ormaldehyde  combines  wetting  with  the  strong  antiseptic  solution  and 
umigation  with  the  gas.  A  12.foot  tube  appears  to  give  the  best  results, 
^  the  long  tube  secures  a  more  equable  production  by  the  spray-cloud." 
The  only  disadvantage  of  the  spray  method  is  the  serious  discomfort 
xperienced  by  the  operator  if  the  process  is  efficiently  carried  out;  When 
"rmaldehyde  IS  employed  some  protection  for  the  eyes  is  necessarv 
™ve  sublimate  (1  in  1000)  is  used  in  Paris  for  t'he  siL^'s  and 

ZtaZ^T.n    TT^^  ^''T^^  ^"^^  ^till  the  operators 

.pear  at  times  to  suffer  from  troublesome  cough  and  vomiting.  Carbolic 

e^^lfZf^  "ffT  l^yPoohlorites  have  also  been  employed  for 

le  spray  method,  but  are  not  so  useful  as  formaldehyde  solution.    For  the 
.sinfection  of  ships,  the  spray  method  is  strongly  to  be  recommended. 
'aslie7w^b?fl  i^'-r^^'.  ''""^^y  ^"^^^P^d,  and  then  weU 

T^M  1  1  '  ^'^f  ^'^^S  re-papered.  Ceilings  need  to  be  scraped 
fel.       '"'^^  "^^y-         fabrics  must  be  removed  from 

mftul'Twno  1  """^^"ff  disinfection  by  moist  heat.  All  articles  of 
m        n  .     '      """^'"^  '^^^bed  with  soft  soap  and  hot  water 

ou^  wl^ w!;"n  iJ' 'r^''*'"'''  '  ^^"^  fumigated  for  three  or  more 
' e^ed  and  ^^^t  T"""''       ^""^^        ^^"^^^^^  being  subsequently 

eneci  and  kept  open  for  twenty-four  or  thirty-six  hours.    Fumi-ation  of 

quUe  a  suLSl  °  i«  performed,  it  must  be  clearly  understood  that  it 
£  th^  ^.  ''"^  proceeding,  and  that  it  can  only  be  done  effectually 
3  iratbn    T'V^"^  be  reiidered  quite  unfit  for 

S  fumi  Jr'  *^\P""fi^ation  or  deodorisation  of  mortuaries  and  dead- 
uses,  fumigation  with  nitrous  acid  or  chlorine  is  both  useful  and  practi- 
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cable,  but  their  actual  disinfection  will  be  best  secured  by  complete  and 
thorough  washing  and  scrubbing  with  chloride  of  lime  or  corrosive  sublimate 
solutions  combined  with  free  perflation  of  air. 

Disinfection  of  Ships.— Disinfection  on  steamships  afloat  is  practically 
the  same  as  elsewhere,  with  the  exception  that  the  apparatus  commonly 
employed  for  the  purpose  of  disinfecting  bedding  and  clothing  is  smaU  and 
specially  adapted  for  use  on  board.    In  ports  and  harbours  the  difficulties 
of  disinfection  may  be  overcome  by  fitting  up  a  hulk  or  tug  with  apparatus 
for  disinfection  by  steam  or  by  the  mercuric  or  formaldehyde  spray.  All 
bedding,  ship's  linen,  cushions,  curtains,  carpets,  rugs,  personal  baggage,  and 
wearing  apparel  are  removed  from  infected  ships  by  the  Port  Samtary 
Authority,  and  disinfected  by  steam  heat  in  specially-constructed  cjiambers. 
Leather  articles  and  such  as  would  be  injured  by  moist  heat  should  be 
treated  with  mercuric  or  formaldehyde  spray.     The  disinfection  of  the 
ship  itself,  after  disembarkation  of  the  passengers,  can  be  secured  by 
wetting  all  available  surfaces  of  the  vessel  excepting  cargo,  but  includmg 
hold,  saloons,  forecastle,  decks,  &c.,  with  a  solution  of 
formaldehyde  conveyed  by  rubber  hose  from  the  disinfecting  hulk  or  tug 
For  the  diinfectioii  of  bilges  the  best  results  are  o^^^ained  by  a  strong 
solution  of  caustic  potash  or  soda,  or  milk  of  lime,  to  saponify  the  ^e^y 
material    followed  by  crude  carbolic  acid  or  creolm  m  the  proportion 
r  120,  or  live  steam  when  available.     If  necessary  the  -ashing  of 
surfaces  mav  be  supplemented  by  fumigations  with  clilorine  or  formalde- 
hyde vap'S    Every^pening  is  battened  down,  and  the  process  completed 
in  about  eight  hours. 
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CHAPTER  XIV. 


CLIMATE. 

The  word  climate  (KXi>a,  a  slope,  from  /cAiVciv,  to  incline)  originally  signified 
that  obliquity  of  the  sphere  with  respect  to  the  horizon  from  which  results 
the  inequality  of  day  and  night.  In  its  modern  acceptation  it  may  be  taken 
to  mean  the  sum  of  all  the  meteorological  conditions  of  a  place  or  region, 
including  not  only  those  of  temperature,  but  the  meteorological  conditions 
generally,  so  far  as  these  exercise  an  influence  on  the  animal  and  vegetable 
kinc'doms  There  are  four  principal  factors  in  the  production  of  the  chmate 
of  any  place  or  country :— (1)  Distance  from  the  equator ;  (2)  Height  above 
the  sea  :  (3)  Distance  from  the  sea ;  (4)  Prevailing  winds. 

With  regard  generaUy  to  the  effect  of  climate  on  human  hfe,  it  would 
seem  certain  that  the  facility  of  obtaining  food  (which  is  itself  influenced 
bv  climate),  rather  than  any  of  the  immediate  effects  of  chmate,  regulates 
the  location  of  men  and  the  amount  of  population.  The  human  frame 
seems  to  acquire  in  time  a  wonderful  power  of  adaptation.  The  Jlsquimaux, 
when  they  can  obtain  plenty  of  food,  are  large  strong  men  (though  nothmg 
is  known  of  their  average  length  of  life),  and  the  dwellers  m  the  hottest 
parts  of  the  world  (provided  there  is  no  malaria,  and  that  their  food  is 
nutritious)  show  a  stature  as  lofty  and  a  strength  as  great  as  any  dweUers 
in  temperate  climates.  Peculiarities  of  race,  indeed,  arising  no  one  knows 
how  but  probably  from  the  combined  influences  of  climate^  food,  and  cus- 
toms, acting  through  many  ages,  appear  to  have  more  effect  on  stature 
health,  and  duration  of  life  than  climate  alone.  Still,  it  would  seeni  probable 
that,  in  climatic  conditions  so  diverse,  there  arise  some  special  differences 
of  structure  which  are  most  marked  in  the  skin,  but  may  possibly  invoke 

"'^^^  How  soon  the  body,  when  it  has  become  accustomed  by  length  of  residence 
for  successive  generations  to  one  climate,  can  accommodate  itself  to,  or  beai 
the  conditions  of,  the  climate  of  another  widely  ei-ent  place  is  a  qu^^^^^^^^^^ 
which  can  only  be  answered  when  the  influences  of  climate  are  ^j^tt^  ^J^^^^^; 
The  hypothesis  of  "  acclimatisation  "  impUes  that  hei;e  is  at  fir  t  an  mjui  ous 
effect  produced,  and  then  an  accommodation  of  the  body  ^  t^e  new  c  m^^ 
tions  within  a  very  limited  time  ;  that  for  example,  the  d^^'eHe  n  l  o^^^^^^^ 
zones  passing  into  the  tropics,  although  he  at  first  suffers,  acquire.-,  in  a  tew 
years  sCrsJecial  constitution  which  relieves  him  from  injurious  conse- 
quences whidi,  it  is  supposed,  the  change  at  first  broijgh  w  th  it  Ihere 
are,  therefore,  two  assumptions,  viz.,  of  an  injurious  effect,  and  of  a  leiiel 
from  it.    Is  either  correct  1  ^         ■    i  ^,-,i"m"on 

It  may  seem  a  bold  thing  to  question  the  ^^^''^^.fl^^^^^^^^ 
that  a  tropical  climate  is  injurious  to  a  northern  ^.<?«^*^*;f  ^oS^ 
some  striking  facts  which  it  is  difficult  ty-eco"Cile  with  such  a^^ 
The  army  experience  shows  that,  both  m  the  West  Indies  and  m  India, 
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mortality  of  tlie  soldier  has  been  gradually  decreasing,  until,  in  some  stations 
in  the  West  Indies  (as,  for  example,  Trinidad  and  Barbadoes),  the  sickness 
and  mortality  among  the  European  soldiers  are  actually  less  than  on  home 
service  in  years  which  have  no  yellow  fever.  In  India,  a  century  ago, 
p people  spoke  with  horror  of  the  terrible  climate  of  Bombay  and  Calcutta, 
and  yet  Europeans  now  live  in  health  and  comfort  in  both  cities.  In 
Algeria  the  French  experience  is  to  the  same  effect.  As  the  climate  and 
the  stations  are  the  same,  and  the  soldiers  are  of  the  same  race  and  habits, 
wwhat  has  removed  the  dangers  which  formerly  made  the  sickness  threefold 
iand  the  mortality  tenfold  the  ratio  of  the  sickness  and  deaths  at 
hhome  1 

The  explanation  is  very  simple :  the  deaths  in  the  West  Indies  were 
ppartly  owing  to  the  virulence  of  yellow  fever  (which  was  fostered,  though 
pprobably  not  engendered,  by  bad  sanitary  conditions)  and  the  general  excess 
oof  other  febrile  and  dysenteric  causes.  The  simple  hygienic  precautions 
«wliich  were  efficacious  in  England  have  been  as  useful  in  the  West  Indies. 
FProper  food,  good  water,  pure  air  have  been  supplied,  and,  in  proportion  as 
Jthey  have  been  so,  the  deadly  effects  attributed  to  climate  have  disappeared. 
TThe  effect  of  a  tropical  climate  is,  so  to  speak,  relative.  The  temperature 
tand  the  humidity  of  the  air  are  highly  favourable  to  decompositions  of  all 
[kinds ;  the  effluvia  from  an  impure  soil,  and  the  putrescent  changes  going 
von  in  it,  are  greatly  aggravated  by  heat.  The  effects  of  the  sanitary  evils 
which,  in  a  cold  climate  like  Canada,  are  partly  neutralised  by  the  cold,  are 
[■developed  in  the  West  Indies,  or  in  tropical  India,  to  the  greatest  degree. 
[:In  this  way  a  tropical  climate  is  evidently  most  powerful,  and  it  renders 
Jail  sanitary  precautions  tenfold  more  necessary  than  in  the  temperate  zone. 
JBut  all  tliis  is  not  the  effect  of  climate,  but  of  something  added  to 
Iclimate. 

Take  away  these  sanitary  defects,  and  avoid  malarious  soils  or  drain  them, 
Band  let  the  mode  of  living  be  a  proper  one,  then  the  European  does  not 
lidie  sooner  in  the  tropics  than  at  home. 

It  must  be  said,  however,  that  an  element  of  uncertainty  may  be  pointed 
tout  here.  In  our  tropical  possessions  the  European  remains  now  only 
(tfor  short  periods-,  and  during  this  time  he  may  be  for  some  years  on  the 
uiuUs,  or  at  any  rate  in  elevated  spots.  The  old  statistical  reports  of  the 
iiarmy  pomted  out  that  the  mortaUty  in  the  West  Indies  augmented  regu- 
^irly  with  prolongation  of  service,  and  it  may  be  said  that,  after  all,  the 
slessened  sickness  and  mortality  in  the  tropics  is  owing,  in  some  degree, 
t*o  avoidance  by  short  service  of  the  influence  of  climate.  But  as  the 
rwnole  long  service  was  constantly  passed  under  the  unfavourable  sanitary 
conditions  now  removed,  it  does  not  foUow  that  the  inference  to  be  drawn 
MToni  the  statistical  evidence  as  to  length  of  service  is  really  correct. 

J?  acts  prove,  then,  that  under  favourable  sanitary  conditions  (general  and 
epersonal)  Europeans,  during  short  service,  may  be  as  healthy  as  at  home, 
^as  lar  as  shown  by  tables  of  sickness  and  mortality,  and  it  is  not  certain 
icnat  long  service  brings  with  it  different  results. 

It  may,  however,  be  urged  that,  admitting  that  a  non-malarious  tropical 
™ate,  per  se,  may  not  increase  sickness  or  mortality  during  the  most 
•pgorous  years  of  life,  it  may  yet  really  diminish  health.    This  practically 
B  tne  gist  of  the  whole  relationship  between  climate  and  health,  so  that  a 

■t  hST^    rlT^^       '"^J^'*  '•  0)  «li"iate  injurious 

K>  health  ?  and  (2)  How  far  is  it  beneficial  to  health  1 

in  attempting  to  answer  these  questions,  it  is  necessary  to  inquire  what 

•  Known  of  the  effects  of  climatic  agencies  on  the  frame.    The  influences 
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of  locality  and  climate,  as  far  as  they  are  connected  with  soil  and  water, 
have  already  been  sufficiently  discussed  elsewhere.  Setting  aside  the 
question  of  the  amount  of  sunlight,  and  the  actual  chemical  composition  of 
the  atmosphere,  the  chief  climatic  conditions  or  elements  which  influence 
health  are  temperature,  humidity,  air  movement  or  wind,  and  atmospheric 

pressure.  *  , 

Influence  of  Temperatvire  upon  Health. — The  amount  of  the  sun  s  rays ; 
the  mean  temperature  of  the  air;  the  variations  in  temperature,  both 
periodic  and  non-periodic ;  and  the  length  of  time  a  high  or  low  temperature 
lasts,  are  the  most  important  points.  Temperature  alone  has  been  made  a 
ground  of  classification. 

(a)  Equable  or  insular  climates ;  i.e.,  with  slight  yearly  and  dmrnal  varia- 
tions ;  this  condition  being  due  to  the  proximity  to  the  sea,  which  tends  to  : 
equalise  the  temperature ;  as  the  specific  heat  of  water  is  great,  it  takes  a 
long  time  to  be  heated,  or  to  be  cooled;  the  heat  is  slowly  absorbed  and  ■ 
slowly  given  out,  therefore  the  temperature  of  the  neighbourmg  air  is 

equalised.  .    .  . 

(6)  Extreme  or  continental;  i.e.,  with  great  variations;  the  conditions 

being  the  reverse  of  those  just  stated. 

Althoucrh  the  effects  of  heat  cannot  be  dissociated  from  the  other  condi- 
tions, it  is  necessary,  however  briefly,  to  notice  them.  The  effect  of  a  certam 
degree  of  temperature  on  the  vital  processes  of  a  race  dwelling  generation 
after  generation  on  the  same  spot,  is  a  question  wliich  has  as  yet  been 
but  imperfectly  answered.  The  problem  is  generally  presented  to  us 
under  the  form  of  a  dweller  in  a  temperate  zone  proceeding  to  countries 
either  colder  or  hotter  than  his  own.    In  this  restricted  sense  we  shaU  now 

consider  it.  -,  ^  ■, , .  ^    ■  „ 

With  regard  to  the  effect  on  the  Anglo-Saxon  and  Celtic  races  of  going  to 
live  in  a  climate  with  a  lower  mean  temperature  and  greater  variations  than 
their  own,  we  have  the  experience  of  Canada,  Nova  Scotia,  and  some  parts 
of  the  Northern  American  States.  In  all  these,  if  food  is  good  and  plenti- 
ful, health  is  not  only  sustained,  but  is  perhaps  improved.  The  agricultural 
and  out-door  life  of  Canada  or  Nova  Scotia  is  perhaps  the  cause  of  this, 
but  certain  it  is  that  in  those  countries  the  European  not  only  enjoys 
health,  but  produces  a  progeny  as  vigorous,  if  not  more  so,  than  that  ot  tne 

parent  race^^^^  of  heat  exceeding  the  temperate  standard  must  be  distin- 
guished according  to  origin;  radiant  heat,  or  the  direct  rays  of  the  su^ 
Ld  non-radiant  heat,  or  that  of  the  atmosphere.  In  the  latter  ca.e,  m 
addition  to  heat,  there  is  more  or  less  rarefaction  of  the  a\r,  and  also 
clc  dent  conditions  of  humidity  and  movement  of  the  a-,  wluch  mus  b 
taken  into  account.  The  influence,  again,  of  sudden  transi  ion  loin  l  ea^ 
to  cold  or  the  reverse,  has  to  be  considered.  Europeans  from  temperate 
chill's  floulSh,  apparently,  in  countries  -t  much  liotter  than  t^i.r  own 

as  in  some  parts  of  Australia,  New  Z^'^I^^-^'/^^t.^^.^,  5l"\'3^r:^^^^^^ 
nnnarpntlv  the  vi"Our  of  the  race  has  improved.    But  theie  is  a  ^en^^ 
rp^SSJLtVtW  do  not  flourish  in  countries  ^^h  h^^^^^^^^^ 
vearlv  mean  of  20°  E.  higher,  as  m  many  parts  of  India    that  tlie  ra 
TwYndleTand  finally  dies  out;  and,  therefore,  that  no  acch^^^^^^^^^^^ 
occurs.    And  certainly  it  would  appear  that  m  ^'I'lZ  Toe  no  reach 
show  that  the  pure  race,  if  not  intermixed  with  ^"l^^'^^'Jl^^^^ 
beyond  the  thi'rd  generation.    Yet  it  seems  only  "S^^Vnl  mltrinve  been 
circumstances  besides  heat  and  the  other  elements  of  f  ^^^^^  to 
acting  on  the  English  race  in  India,  that  any  conclusion  opposed 


mrLUENCE  OF  TEMPEEATUEE. 


747 


acclimatisation  must  he  considered  as  based  on  scanty  evidence.  "We  have 
not  gauged  on  a  large  scale  the  effects  of  climate  pure  and  simple,  uncom- 
phcated  with  malaria,  bad  diet,  and  other  influences  adverse  to  health  and 
longevity. 

(a)  Influence  of  the  Direct  Rays  of  the  Sun. — It  is  not  yet  known  to  what 
temperature  the  direct  rays  of  the  tropical  sun  can  raise  any  object  on 
which  they  fall.  In  India,  on  the  ground,  the  iincovered  thermometer  will 
mark  160°,  and  perhaps  212°  F. ;  and  in  tliis  country,  if  the  movement  of  air 
is  stopped  in  a  small  space,  the  heat  in  the  direct  sun's  rays  can  be  raised 
to  the  same  point.  In  a  box  with  a  glass  top  Sir  H.  James  found  the 
thermometer  mark  237°  F.,  when  exposed  to  the  rays  of  the  sun,  on  the 
14th  July  1864.  In  experiments  on  frogs,  when  temperature  much  over 
the  natural  amount  is  applied  to  nerves,  the  electrical  currents  through  them 
are  lessened,  and  at  last  stop.  E.  H.  Weber's  observations  show  that  for 
men  the  same  ride  holds  good ;  the  most  favourable  temperature  is  30°  R. 
(  =  99°"5  F.).  It  appears  also  from  Ktihne's  experiments  that  the  heat 
of  the  blood  of  the  vertebrata  must  not  exceed  113°  F.,  for  at  that 
temperature  the  myosin  begins  to  coagulate.  Perhaps  this  fact  may  be 
connected  with  the  pathological  indication  that  a  very  high  temperature  in 
any  disease  (over  110°  F.)  indicates  extreme  danger. 

To  what  temperature  is  the  skin  of  the  head  and  neck  raised  in  the  tropics 
in  the  sun's  rays?  No  sufficient  experiments  have  been  made,  either  on 
this  point  or  on  the  heat  in  the  interior  of  caps  and  hats  with  and  without 
ventilation.  Doubtless,  without  ventilation,  the  heat  above  the  head  in  the 
interior  of  the  cap  is  very  great.  It  is  quite  possible,  as  usually  assumed, 
that  with  bad  head-dresses  the  heat  of  the  skin,  bones,  and  possibly  even  of 
the  deep  nerves  and  centres  (the  brain  and  cord),  may  be  greater  than  is 
accordant  with  perfect  preservation  of  the  functions  of  the  nerves,  or  .of  the 
necessary  temperature  of  the  blood,  or  with  the  proper  fluidity  of  some  of 
the  albuminous  bodies  in  the  muscles  or  nerves. 

The  difficulty  of  estimating  the  exact  effect  of  the  solar  rays  is  not  only 
caused  by  the  absence  of  a  sufficient  number  of  experiments,  but  by  the 
common  presence  of  other  conditions,  such  as  a  hot,  rarefied,  and  perhaps 
impure  air,  and  heat  of  the  body  produced  by  exercise,  which  is  not  attended 
by  perspiration.  Two  points  are  remarkable  in  the  history  of  heat  stroke, 
VIZ.,  its  extreme  rarity  in  mid  ocean  and  at  great  elevations.  In  both  cases 
the  effect  of  the  sun's  rays,  per  se,  is  not  less,  but  even  greater,  than  on  land 
and  at  sea-level ;  yet  in  both  heat-stroke  is  uncommon ;  the  temperature  of 
the  air,  however,  is  never  excessive  in  either  case. 

The  effect  of  the  direct  rays  on  the  skin  is  another  matter  requiring 
investigation.  Does  it  aid  or  check  perspiration  1  That  the  skin  gets  dry 
there  is  no  doubt,  but  this  may  be  merely  from  rapid  evaporation.  But  if 
the  nervous  currents  are  interfered  with,  the  vessels  and  the  amount  of 
secretion  are  sure  to  be  affected,  and  on  the  whole  it  seems  probable  that  a 
physiological  effect  adverse  to  perspiration  is  produced  by  the  direct  rays  of 
the  sun.  If  so,  and  if  this  is  carried  to  a  certain  point,  the  heat  of  the  body 
niust  rise,  and,  sui^posing  the  same  conditions  to  continue  (intense  radiant 
I  eat  and  want  of  perspiration),  may  pass  beyond  the  limit  of  the  tempera- 
ure  of  possible  life  (113°  F.).  In  the  Turkish  bath  it  may  sometimes 
"e  observed  that,  on  entering  the  hottest  chamber,  the  skin,  which  had 
previously  been  acting  freely,  becomes  dry.  A  feeling  of  oppression  accom- 
panies this,  but  relief  is  experienced  as  soon  as  perspiration  is  re-established, 
ihis  Avould  seem  to  point  more  to  an  actual  arrest  of  function  than  to  a  mere 
rying  up  of  the  secretion.    The  same  thing  in  a  modified  degree  may  occur 
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ill  a  tropical  climate,  in  which  case  the  intensity  of  fever  will  depend  upon 
the  time  that  elapses  before  accommodation  is  reached. 

The  effect  of  intense  radiant  heat  on  the  respiration  and  heart  is  another 
point  of  great  moment  which  needs  investigation.  The  pathological  effect 
produced  by  the  too  intense  direct  rays  of  the  sun  is  seen  in  one  or  two 
forms  of  insolation,  and  in  fatal  cases  apparently  entails  paralysis  of  tlie 
heart  or  respiration. 

(b)  Heat  in  Shade. — The  effect  of  high  air  temperature  on  the  native  of 
a  temperate  climate  passing  into  the  tropics  has  not  been  very  Avell  deter- 
mined, and  some  of  the  conclusions  are  drawn  from  experiments  on  animals 
exposed  to  an  artificial  temperature. 

1.  The  temperature  of  the  hodj  does  not  rise  greatly— not  more  than 
0°-5  or  1°  F.  (John  Davy) ;  from  1°  to  2|°  and  3°  C.  (Eydaux  and  Brovvn- 
S^quard).    In  some  experiments  not  published,  the  late  Dr  Becher  deter- 
mined his  own  temperature  in  a  very  careful  way  during  a  voyage  round 
the  Cape  to  India.    He  found  the  body-heat  increased,  and  in  the  propor- 
tion of  0°-05  F.  for  every  increase  of  1°  F.  in  the  air.    Rattray  also 
found  a  decided  increase,  varying  from  0°-2  F.  to  V-2  F.  ;  the  greatest 
increase  was  in  the  afternoon.    We  may  conclude  that  the  tropical  heat 
raises  the  temperature  of  the  body  of  a  new-comer,  probably  because  the 
evaporation  from  the  skin  is  not  capable  of  counterbalancing  the  great 
additional  external  heat,  but  it  is  now  known  that  in  old  residents  the  same 
fact  does  not  hold  good.    The  temperature  of  the  body  is  the  result  of  the 
opposincT  action  of  two  factors— Isi,  of  development  of  heat  from  the 
chemical  changes  of  the  food,  and  by  the  conversion  of  mechanical  energy 
into  heat  or  by  direct  absorption  from  without ;  and  2nd,  and  opposed  to 
this,  of  evaporation  from  the  surface  of  the  body,  which  regulates  internal 
heat     So  accurately  is  this  balance  preserved,  that  the  stability  of  the 
animal  temperature  in  all  countries  has  always  been  a  subject  of  marvel. 
If  anything,  however,  prevents  this  evaporation,  radiation  and  the  cooling 
effect  of  moving  wind  cannot  cool  the  body  sufficiently  in  the  ti-opics. 
Then,  no  doubt,  the  temperature  of  the  body  rises,  especially  if  in  additaon 
there  is  muscular  exertion  and  production  of  heat  from  that  cause,  ihe 
extreme  discomfort  always  attending  abnormal  heat  of  body  then  com- 
mences     In  experiments  in  ovens,  Blagden  and  Fordyce  bore  a  temperature 
of  260°  F.  with  a  small  rise  of  temperature  {2f  F.),  but  the  air  was  dry, 
and  the  heat  of  their  bodies  was  reduced  by  perspiration ;  when  the  air  m 
ovens  is  very  moist  and  evaporation  is  hindered,  the  temperature  of  the 

body  rises  rapidly.  .     i      i  •    i.  j  i.  i  „of 

2  The  respirations  are  lessened  in  number  m  animals  subjected  to  neat. 
According  to  Vierordt,  less  carbon  dioxide  and  presumably  less  AA^ter  are 
eliminated.    Rattray  proved  by  a  great  number  of  observations  that  the 
number  of  respirations  is  lessened  in  persons  passing  from  a  cold  to  a  tiol 
climate.    The  amount  of  diminution  varies ;  in  some  experiments  the  faU 
was  from  16-5  respirations  per  minute  m  England,  in  ^"^tel^  to  12  74 
13-74  in  the  tropics.    In  another  series  of  experiments  the  fa  1  was  Horn 
17-3  respirations  per  minute  to  16-1 ;  the  breathing  is  also  gentler  ^.e 
deep.    Rattray  1ms  also  shown  that  the  spii'ometric  measurements  of  he 
expLd  air  increases  in  the  tropics  and  falls  in  temperate  f 
average  variation  being  about  8-7  per  cent,  of  the     al  sinrometric  ne  suj 
ments     This  will  hold  good  at  all  ages,  but  is  less  at  ei  l^i'  extreme  «f  h^ 
and  is  most  marked  in  persons  of  largest  frame  and  most  full  blood  d  The 
explanation  of  this  spirometric  increase  in  the  respiratory  action  of  the 
hmgs  B  compared  with  the  lessened  number  of  inspirations,  is  said  to  be 
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lue  to  the  fact  that  with  a  high  temperature  the  quantity  of  oxygen  present 
ia  the  air  is  diminislied.  Thus,  a  cubic  foot  of  dry  air  at  32°  F.  weighs  ' 
166-85  grs.,  wliich,  neglecting  the  slight  amount  of  carbon  dioxide  jDresent, 
■;ives  in  that  cubic  foot  of  air  436-5  grs.  of  nitrogen  and  130-35  grs.  of 
xygen.  Assuming  that  a  man  at  rest  breathes  16-6  cubic  feet  of  air  per 
lOur  into  liis  lungs,  he  will  at  32°  F.  receive  2163-8  grs.  of  oxygen  per 
lour.  At  a  temperature  of  100°  F.  (which  is  not  unusual  in  the  tropics) 
I  cubic  foot  of  dry  air  weighs  498  grs.,  and  is  made  up  by  weight  of 
383-5  grs.  of  nitrogen  and  114-5  grs.  of  oxygen.  Therefore,  in  an  hour, 
Ijreathing  as  before,  the  man  would  receive  1901  grs.  of  oxygen,  or  nearly 
12  per  cent,  less  than  he  would  breathe  in  at  the  lower  temperature. 

3.  The  heart's  action  has  been  usually  stated  to  be  quickened  in  the 
tropics,  but  Rattray's  numerous  observations  show  that  this  is  incorrect; 
the  average  pulse  in  the  tropics  was  lower  by  21  beats  per  minute  than  in 
the  temperate  zone.  In  experiments  on  animals,  moderate  heat  does  not 
quicken  the  heart,  but  great  heat  does. 

4.  The  digestive  powers  are  somewhat  lessened,  there  is  less  appetite,  less 
desire  for  animal  food,  and  more  wish  for  cool  fruit.  The  quantity  of  bile 
secreted  by  the  liver  is  not  increased,  if  the  stools  are  to  be  taken  as  a 
guide,  though  Lawson  believes  that  an  excess  of  colouring  matter  passes 
out  with  the  stools ;  nothing  is  known  of  the  condition  of  the  usual  liver 
work. 

5.  The  shin  acts  much  more  than  usual  (an  increase  of  24  per  cent, 
according  to  Rattray),  and  great  local  hypersemia  and  swelling  of  the 
papillee  occur  in  new-comers,  giving  rise  to  the  familiar  eruption  known  as 
"prickly  heat."  In  process  of  time,  if  exposed  to  great  heat,  the  skin 
suffers  apparently  in  its  structure,  becoming  of  a  slight  yellowish  colour 
from,  probably,  pigmentary  deposits  in  the  deep  layers  of  the  cuticle. 

6.  The  urine  is  lessened  in  quantity.  The  urea  is  lessened,  as  shown  by 
experiments  in  hot  seasons  at  home  and  during  voyages.  It  is  probable 
that  this  is  simply  from  lessened  food.  The  pigment  has  been  supposed  to 
be  mcreased,  but  this  is  doubtfid.  The  chloride  of  socUum  is  lessened; 
the  amount  of  uric  and  phosphoric  acids  is  uncertain.  * 

7.  The  effect  on  the  nervous  system  is  generally  considered  as  depressing 
and  exliausting,  i.e.,  there  is  less  general  vigour  of  mind  and  body.  But  it 
IS  an  undoubted  fact  that  the  greatest  exertions  both  of  mind  and  body  have 
lieen  made  by  Europeans  in  hot  climates.  Robert  Jackson  thought  as  much 
work  could  be  got  out  of  men  in  hot  as  in  temperate  climates.  It  is 
probable  that  the  depressing  effects  of  heat  are  most  felt  when  it  is  com- 
buied  with  great  humidity  of  the  atmosphere,  so  that  evaporation  from  the 
skm  and  consequent  lessening  of  bodily  heat,  are  partly  or  totally  arrested. 

The  most  exhausting  effects  of  heat  are  felt  when  tlie  heat  is  continuous, 
i.e.,  very  great,  day  and  night,  and  especially  in  sandy  plains,  where  the 
air  is  highly  rarefied  day  and  night.  There  is  then  reaUy  a  lessened  quantity 
oxygen  in  a  given  cubic  space.  Add  to  this  fact  that  the  respirations  are 
lessened,  and  we  have  two  factors  at  work  which  must  diminish  the  ingress 
ot  oxy^n,  and  thereby  lessen  one  of  the  great  agents  of  metamorphosis? 

8.  Rattray  made  observations  on  the  weight  and  height  of  forty-eight 
naval  cadets,  aged  from  14 J  to  17  years,  during  four  successive  changes  of 
Climate  during  a  voyage.  The  results  show  that  in  the  tropics  they 
increased  in  height  more  rapidly  than  in  cold  climates,  but  that  they  lost 
w  eight  very  considerably,  and,  in  spite  of  their  rapid  growth,  Rattray  con^ 
■luaes  that  the  heat  impaired  the  strength,  weight,  and  health  of  these 
-las.    His  hgures  seem  conclusive  on  these  points,  and  show  the  beneficial 
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influence  of  cold  on  youths  belonging  to  races  long  resident  in  temperate 
climates. 

On  the  whole,  even  when  sufficient  perspiration  keeps  the  body  temperar 
ture  within  the  limits  of  health,  the  effect  of  great  heat  in  shade  seems  to 
be,  as  far  as  we  can  judge,  a  depressing  influence  lessening  the  nervous 
activity,  the  great  functions  of  digestion,  respiration,  sanguification,  and 
directly  or  indirectly  the  formation  and  destruction  of  tissues.  Whether 
this  is  the  heat  alone,  or  heat  and  lessened  oxygen,  and  great  humidity,  is 
not  certain. 

So  bad  have  been  the  general  and  personal  hygienic  conditions  of 
Europeans  in  India,  that  it  is  impossible  to  say  what  amount  of  the  former 
crreat  mortality  in  that  country  was  due  to  excess  of  heat  over  the  tempera- 
ture of  Europe,  Nor  is  it  possible  to  determine  the  influence  of  heat  alone 
on  the  endemic  diseases  of  Europeans  in  the  tropics— liver  disease  and 
dysentery.  There  is,  perhaps,  after  all,  little  immediate  connection  between 
heat  and  liver  disease. 

Rapid  Changes  of  Temperature.— The  exact  physiological  effects  have  not 
yet  been  traced  out ;  and  these  sudden  vicissitudes  are  often  met  by  altered 
clothing,  or  other  means  of  varying  the  temperature  of  the  body.  The 
oreatest  influence  of  rapid  changes  of  temperature  appears  to  occur  when 
the  state  of  the  body  in  some  way  coincides  with  or  favours  their  action. 
Thus,  the  sudden  checking  of  the  profuse  perspiration  by  a  cold  wmd 
produces  catarrhs,  inflammations,  and  neuralgia.  It  is  astonishing,  how- 
ever to  find  hoAV  well  even  phthisical  persons  will  bear  great  changes 
of  temperature,  if  they  are  not  exposed  to  moving  currents  of  air;  and 
there  can  be  little  doubt  that  the  wonderful  balance  of  the  system  is  soon 

lead^ted.  ^^^^  _The  degree  of  cold  which  inhabitants  of  temperate 
climates  can  bear  without  ill  effect  is  well  shown  in  the  experiences  of 
Arctic  vovacers.  Parry  noted  the  thermometer  as  Ioav  as  -55  F„  or  87 
below  the  freezing  point ;  Franklin  at  -58°  F.,  or  90°  below  the  freezing 
point :  and  Back  at  -70°  F.,  or  102'  below  the  freezing  point.  The  actual 
effects  of  cold  naturally  vary  in  degree  and  kind.  Much  depends  upon  the 
•decrree  of  cold,  the  duration  of  the  exposure,  and  the  medium  or  maimer 
of ''appUcation :  to  these  conditions  may  be  added  the  extent  of  surface 
■exposed  and  the  general  health  or  physiological  condition  of  the  person 
exposed  It  is  a  matter  of  common  knowledge  that  moderate  cold,  acting 
durin<^  a  short  time,  or  even  very  severe  cold,  during  a  still  shorter  time, 
when  followed  by  the  glow  of  reaction,  exercises  a  tonic  and  stimulating 

Tn  temporary  exposure  to  cold,  or  even  slight  exposure,  there  is  first  the 
sensation  of  cold  with  pallor  of  the  skin,  shivering  and  tingling,  foUo^^-e^^^J 
numbness:  the  pulse  becomes  slower,  excretion  of  water  by  the  lungs  ana 
skin  diminishes,  while  the  urine  increases  in  quantity.  If  the  exposure 
to  cold  be  prolonged,  and  the  circulation  and  heat-producing  POwers  cannot 
be  maintained,  the  arterioles  become  contracted  and  no  longer  perniit  the 
passage  of  blo^d-corpuscles,  and  thus  all  physiological  and  chemical  cha  ges 
are  arrested.  The  extremities  become  starved,  and  hence  death  of  t^ese 
parts  takes  place  by  frost-bite  and  gangrene.  Prolonged  e^P^.^^^j^to  extreme 
cold  -ives  rise  to  an  overpowering  sense  of  languor,  sensibility  becom^ 
?owered7the  individual  loses  power  of  reaction  and  sinks  to  sleep  or  becom^ 
deliriou  .  death  usually  resulting  from  coma,  hough  it  "^j^J  °«  "5  ^^^^^ 
«vncope  or  asphyxia.  Deprivation  of  food,  partial  or  complete,  materiauy 
adds  0  ti'e  Imrtful  influence  of  cold.    In  a  weU-nourished  person,  cold  aor, 
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containing  bulk  for  bulk  more  oxygen  than  warm'  air,  produces  a  sensation 
of  ■well-being,  increased  appetite,  and  an  inclination  towards  increased 
physical  and  mental  activity.  It  is  only  in  the  feeble,  or  when  the  cold  is 
pushed  to  such  an  extreme  as  to  act  as  a  depressant,  that  injurious  results 
ensue. 

In  the  production  of  these  effects  it  must  be  borne  in  mind  that  the 
actual  temperature  is  not  the  only  factor  to  be  taken  into  consideration : 
dryness  and  stillness  of  the  air  permit  a  much  lower  temperature  to  be  borne 
with  comfort  than  when  the  air  is  damp  or  in  motion.  Even  moderate 
wind  renders  a  low  temperature  unbearable.  It  is  the  stillness  and  dryness 
of  the  air  in  Arctic  regions,  and  at  some  health  resorts  at  high  altitudes, 
that  render  the  extreme  degrees  of  cold  there  prevalent  not  only  tolerable 
liut  even  beneficial.  We  have  no  evidence  to  say  with  certainty  that  any 
diseases  are  dhectly  caused  by  cold.  The  specific  fevers  are  generally  less 
l^revalent,  and  micro-organisms  generally  less  active  at  low  than  at  high  or 
moderate  temperatures.  Catarrhal  affections  may  be  induced  by  sudden 
exposures  to  cold,  or  the  so-caUed  chill,  but  beyond  this  general  statement 
we  are  not  justified  in.  going. 

Influence  of  Atmospheric  Humidity  on  Health. — According  to  their 
degrees  of  humidity  climates  are  divided  into  moist  and  dry.  Tyndall's 
observations  show  how  greatly  the  humidity  of  the  air  influences  climate, 
by  hindering  the  passage  of  heat  from  the  earth.  As  far  as  the  body  is  con- 
cerned, the  chief  effect  of  moist  air  is  exerted  on  the  evaporation  from  the 
skin  and  lungs,  and  therefore  the  degree  of  dryness  or  moisture  of  an 
atmosphere  should  be  expressed  in  terms  of  the  relative  (and  not  of  the 
absolute)  humidity,  and  should  always  be  taken  in  connection  with  the 
temperature,  movement,  and  density  of  the  air,  if  this  last  varies  much  from 
that  of  sea-level.  The  evaporating  power  of  an  atmosphere  which  contains 
75  per  cent,  of  saturation  is  very  different,  according  as  the  temperature  of 
the  air  is  40°  or  80°  F.  As  the  temperature  rises,  the  evaporative  power 
increases  faster  than  the  rise  in  the  thermometer. 

There  is  a  general  opinion  that  an  atmosphere  which  permits  free 
\\  ithout  excessive  evaporation  is  the  best ;  but  there  are  few  precise 
experiments. 

The  most  agreeable  amount  of  humidity  to  most  healthy  people  is  when 
the  relative  humidity  is  between  70  and  80  per  cent.  In  chronic  lung 
iliseases,  however,  a  very  moist  air  is  generally  most  agreeable,  and  allays 
^o\xg\x.  The  evaporation  from  the  lungs  produced  by  a  warm  dry  atmosphere 
ippears  to  irritate  them.  On  the  other  hand,  a  still,  cold  atmosphere  is  dry, 
\vitliout  much  capacity  for  holding  moisture ;  so  that  the  bracing  effects  of 
the  cold  are  felt,  without  the  irritation  produced  by  too  rapid  evaporation 
rom  the  respiratory  surface.  This  may  be  one  cause  (among  others)  of  the 
I'onefit  derived  in  winter  from  such  places  as  Davos,  &c. 

The  moist  hot  siroccos,  which  are  almost  saturated  with  water,  are  felt  as 
'ppressive  by  man  and  beast ;  and  this  can  hardly  be  from  any  other  cause 
tlian  the  check  to  evaporation,  which  interferes  with  elimination  of  effete 
matters  by  transpiration,  and  the  consequent  rise  in  the  temperature  of  the 
oody. 

It  IS  not  yet  known  Avhat  rate  of  evaportion  is  the  most  healthy.  Exces- 
ive  evaporation,  such  as  may  be  produced  by  a  dry  sirocco,  is  well  borne  by 
^'>me  persons,  but  not  by  all.  Probably,  in  some  cases,  the  physiological 
I  'ctor  of  perspiration  comes  into  play,  and  the  nerves  and  vessels  of  the 
^kin  are  altered;  and  in  this  way  perspiration  is  checked.  We  can  hardly 
^'■count  m  any  other  way  for  the  fact  tliat,  in  some  persons,  the  dry  sirocco, 
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or  dry  hot  land  -wind,  produces  harshness  and  dryness  of  the  skin  and 
general  malaise,  which  possibly  (though  there  is  yet  no  thermometric  proof) 
may  be  caused  by  a  rise  of  temperature  of  the  body. 

From  the  experiments  of  Lehmann  on  pigeons  and  rabbits,  it  appears  that 
more  carbon  dioxide  is  exhaled  from  the  lungs  in  a  very  moist  than  in  a  dry 
atmosphere.  The  pathological  eEfects  of  humidity  are  intimately  connected 
with  the  temperature.  Warmth  and  great  humidity  are  borne  on  the  Avhole 
more  easily  than  cold  and  great  humidity.  Yet  in  both  cases,  so  wonderful 
is  the  power  of  adaptation  of  the  body  that  often  no  harm  results. 

The  spread  of  certain  diseases  is  supposed  to  be  intimately  related  to 
humidity  of  the  air.  Malarious  diseases,  it  is  said,  never  attain  their  fullest 
epidemic  spread  unless  the  humidity  approaches  saturation.  Plague  is  said 
to  be  checked  by  a  very  dry  atmosphere.  In  the  dry  Harmattan  wind,  on 
the  west  coast  of  Africa,  small-pox  is  difficult  to  inoculate  ;  and  cow-pox  is 
kept  up  with  great  difficulty  in  very  dry  seasons  in  India,  but  if  care  is 
taken  in  the  storage  of  lymph  and  in  the  manipulative  procedures  necessary 
to  carry  out  the  operation,  there  is  no  actual  inability  to  carry  on  vaccination 
durino-  the  very  hot  and  dry  seasons  of  India  and  elsewhere.  YeUow  fever, 
on  the  other  hand,  seems  less  dependent  on  moisture,  or  will  at  any  rate 
prevail  in  a  dry  air.  The  observations  at  Lisbon,  which  Lyons  recorded, 
show  no  relation  to  the  deAV-point.  -r,  .■ 

With  regard  to  other  diseases,  and  especially  to  diseases  of  sanguihcation 
and  nutrition,  observations  are  much  needed. 

Influence  of  Air  Movement  on  Health.— This  is  a  very  important  climatie 
condition.  The  effect  on  the  body  is  twofold.  A  cold  wind  abstracts  heat, 
and  in  proportion  to  its  velocity;  a  hot  wind  carries  away  httle  heat  by 
direct  abstraction,  but  if  dry  increases  the  evaporation,  and  in  that  way 
may  in  part  counteract  its  own  heating*  power.  Both,  probably,  act  on  the 
structure  of  the  nerves  of  the  skin  and  on  the  contractihty  of  the  cutaneous 
vessels,  and  may  thus  influence  the  rate  of  evaporation,  and  possibly  attect 

also  other  organs.  ,  j.    ■   ■      i.  „„„ 

The  amount  of  the  cooling  effect  of  moving  bodies  of  air  is  not  easy  to 
determine,  as  it  depends  on  three  factors,  viz.,  the  velocity  of  movement,  the 
temperature,  and  the  humidity  of  the  air.  The  effect  of  movement  is  ve^ 
areat  In  a  calm  atmosphere  an  extremely  warm  temperature  is  borne  witn- 
out  difficulty.  In  the  Arctic  expeditions  cabn  air,  many  degrees  below  zero 
of  Fahrenheit,  caused  no  discomfort.  But  any  movement  of  such  cold  air  at 
once  cl  ills  th;  frame.  It  has  been  asserted  that  some  o  the  l^ot  and  very 
dry  desert  winds  will,  in  spite  of  their  warmth,  chill  the  body ;  and  if  so  it 
can  scarcely  be  from  any  other  reason  than  the  enormous  evaporation  they  . 
Suse  Lm  the  skin.  It  is  very  desirable,  however,  tl-t  this  observ^t^^^ 
should  be  repeated,  with  careful  thermometrical  observations  both  on  the 
body  in  the  usual  way  and  on  the  surface  of  the  skin. 

The  main  action  which  produces  change  m  the  character  of  winds  is 
their  beinc.  forced  to  mount  up  when  they  meet  with  any  elevation  above 
Sace  of  the  ground.  .  The  ascent  of  air  ^^^^^ 
pressure  is  reduced,  and  it  is  therefore  rarefied  This  rarefaction  ^ 
the  air  to  fall  in  temperature,  though  this  fall  is  to  a  ceitam  ext  , 
counteract^         the  latent  heat  set  free  by  ^-^^Vr^fi  no 

listure.    WlL  the  air  has  reached  the  summit  oi^l^f^^^;^^^^^ 
longer  to  ascend,  and  the  reverse  action  sets  n.    The       descei  a 
uncler  constanti;  increasing  pressure,  and  is  thereby  warmed  Avhde,  as 
mountain  side  is  not  a  water  surface  it  cannot  obtain  7^^t"re  mi  its  ;» 
down     It  therefore  arrives  at  the  plains  as  a  warm  and  dry  wind. 


i 


! 


I 

INFLUENCE  OF  WINDS.  753 


explains  why,  when  any  wind  sets  straight  in  against  a  coast  line,  it  is  in 
.  general  wet,  and  that  the  bolder  and  more  mountainous  the  coast  is  the- 
:;moister  the  wind  will  be.  ' 

The  more  important  local  winds  which  have  great  influence  on  the  health 
oof  the  countries  in  which  they  prevail  are  the  following  :— 

The  Simoom,  or  poison  wind  of  the  desert,  is  a°species  of  whirlwind 
Bwhich  prevails  m  Arabia,  and  sometimes  buries  whole  caravans  in  sand 

i   ii  f  ^S^P*'  ^''^'^  ^^'^^  ^^bic  word  for  fifty,  as  it  blows  usuaUy 

dor  the  fifty  days  from  Easter  to  Whitsuntide,  is  a  hot,  dry  blast  from  thl 
desert,  laden  with  sand  particles.  The  Harmattan  is  another  withering 
idesert  mnd  blowmg  over  the  Sahara  towards  the  west  coast  of  Africa! 
iYeTd^°Isknds'  ^""^  ""^^^^       influence  felt  as  far  as  the  Cape 

A  notoriously  dry  wind  in  Western  Eui-ope  is  the  Fohn  of  Switzerland, 
±nown  also  as  the  Schneefresser,  or  snoweaterj   it  corresponds  to  the 

/.t^-  The  intense  heat, 

and  dryness  of  this  wind  are  due  to  its  having  descended  from  the  passes 

ZL'I^f^T.'^''^''''^  ^«ther  .dry,  descending  wind  is  the 

Mistral  of  the  Riviera,  or  the  Maestro  of  Italy.    It  is  a  north-west  wind, 
St^^tll        ^f^d^""g  places  exposed  to  it  most  undesirable  residences 
durmg  Its  prevalence.    The  first  effect  of  this  wind  on  visitors  is  agreeable 
mSe  noit.r'  dryness  it  soon  causes  unpleasant  sensation^ 

E  the  nose  and  mouth,  and  often  pains  in  the  limbs.    In  consumptives  its 
p.ppearance  has  been  sometimes  followed  by  an  attack  of  haemoptysis 

Going  farther  eastward  we  find  a  wind  from  the  same  quarter,  known 

n  So  J  ^""'i'  Maggiore  and  Garda.    At  Trieste  and 

IvfiS     fi.  a«  the  Bora,  blowing  so  furiously  that  streets  are 

?w  'TAr'  ""'^      bannisters  to  enable  wayfarers  to  hold 
e  cXd  the  ^^'f^  ^'-^''^  generaUy,  the  same  wind 

nvel^toZ'e'S.TrS?'-^''°^  Mediterranean  basin,  is  just  the 

nverse  to  the  Mistral.    It  is  a  warm,  moist  wind,  generally  preluding  rain 

rfei  eTanel,  S  "  ''.l'^^"^.'  *°  g^ther'moistur'e  I  crossing  the 
id  sSlv  ft  S  hni-^^"?  "''''^  ''^""'^'^  ^  ^^i^d ;  in  Malta 
id  in  thP  C^tn    'T    '  ""^^  ^''^  Corsica  it  is  less  so, 

m  m  the  Genoese  Riviera  is  very  moist  but  not  very  warm.    The  names 

"ffiter  "  or  "'tI  '^P^j'f'^^^^^S  the  " Brickfielders  "  of  Sidney,  and  the 
^e  nerm.n.^r     I  1-1^"^^'      T^'^  dust-laden  character. 

.TevaS  ^vfr^^^^^  '°^^^-^^^t  trades,  vary  their 

tst  and  In  I      .  y'^'-    0^       ««a««^al  winds,  the  north- 

tl  andTH;^^^^  important.    These  prevail  in 

I  d  sumL.  '        """^  y^a^'  ^^ally  the  winter 

Ihe  no^th  eTsnrr'  ^^^^^^^^^T'  ,  The  north-east  monsoon  corresponds 
»C  Sst  1  '  ''''^  ^  r ^1"1«  south-westmonsoon 
'  WeSZ  'm    "^^'^.^^P^^^^d  by  low  barometric  pressure  and  heavy  rains. 

iWe  Sth  in  ^^^^  i«  south-wes 

«8^^    A.  inS  ^^'*'™i:«ia  Eastern  South  America  it  is  the  north 

«ed  4h  ^he  m^l?''     V^T *  ^^^^  «^  temperature,  as  com- 

««)pe7  raisL  Ah.%r  «outh-west  wind  is  the  warmest  in  Central 

^d  in  SnS  F^,'  r  north-east,  the  coldest 

kthe  least  freauerr;    T""^^^^  temperature  7=  F.,  is  in  the  west  one 
ast  trequent  of  winds;  whereas  on  the  eastern  coasts  of  Asia  and 

3  B, 
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K  ■  o  rrioRi-  frpouent  wiiid— the  north-west-lowers  the,  temperature 
"  a^s't  SeTouth  wind,  which  raises  the  temperature  more 

than  10°  F.,  is  the  ^^^^'ef^^^.^J^;^^^  ,  prevalent  wind  is  the  south-west,  next 

•east,  and  six  times  moic  ^  CQioisherV     The  north-east  is  the  rarest 

makes  its  prevalence  more  felt  and  the  north.   The  west 

east  and  east  wmas,  uiuwiug  xiv^  TJnrth  Sea,  are  dry 

mmmmm 

thoBB  liable  to  rheumatism  or  ^^^^^^^^^^f  ^'J^^"^'  i^i^  _When  the  difference  of 

tionie..  leiensd  pressure  of  a,t;      ^^f^^^^  90oStak^^ 

,  p„„nd;.tat  to  vanes  w^h  ^^f^J^^^ter  at  Taoo"  fe* 
pressure  is  lost  at  25UU  ^ ^Iso  lowered  temperature  and 
and  at  16,000  feet  a^^o^^  one-half  ^^^^'^^^ll^^^,  ,f  air,  increased 
lessened  moisture  above  4000         ^'f;"' "^^^^^^  the  air  is  freei 

:amount  of  Hght,  greater  sun  ^'f 

^IZ^i^t^^:^  S  rtoSana  .eL  cLe  to  it  . 
The  physiological  effects  of  lessened  pr  jure  be^n  to  be  ^rceptiHe  . 

urinary  water,    ii-t  gredu  noi^ni/  n-  „  „f  ennprficial  vessels,  ani 

™hody  against  the  contaiimig  V'^^^lf'J^l^^ZT^y^^^^^ 
.occasionally  bleeding  from  the  nose  4  nnde 

in  the  limbs  from  the  lessened  pressure  ^ot  owin: 

6000  or  7000  feet  the  effect  of  ^"^^^^^^^a^^  (^^^^^^^^  pleasr. 

.olely  to  lessened  pressure,  ^^^^^  cat     ve  improvement  . 

able  excitement  of  the  se^is  s)  .s  toj.u^  ajery^^^_  ^  . 

digestion,  sanguification,  ana  "  nthin<^  definite  ie  known, 

that  tissue  change  is  accelerated,  ^f^^,  3"^^  de^^^^^^^^         ^^^^^  -  tar 
The  rapid  evaporation  at  f-^'ff^^^'^J  Mexico  \he  hygrometer  . 
^fX^r,"^^  to  only  .5  per  cent.  ^ 
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saturation,  and  yet  the  lower  rooms  of  the  houses  are  very  humid,  so  that 
Jn  the  town  of  Mexico  there  are  really  two  climates — one  very  moist,  in 
jthe  rez-de-chaussee  of  the  houses ;  one  very  dry,  in  the  upper  rooms  and  the 
outside  air. 

The  diminution  of  oxygen,  in  a  certain  cubic  space,  is  precisely  as  the 
■pressure,  and  can  be  calculated  for  any  height,  if  the  barometer  is  noted. 
ITakmg  dry  air  only,  a  cubic  foot  of  air  at  30  inches,  and  at  32°  F.,  contains 
1.130-4  grains  of  oxygen.  An  ascent  (about  5000  feet)  M^hich  reduces  the  baro- 
meter to  25  inches  will  lessen  this  ^th,  or  the  available  oxygen 

=  108-6  grains.  But  it  is  supposed  that  the  increased  number  of  respirations 
eempensates  for  this ;  and,  in  addition,  it  must  be  remembered  that  in  ex- 
loermaents  on  animals,  as  long  as  the  percentage  of  oxygen  did  not  sink  below 
_i  certain  point  (14  per  cent.),  as  much  was  absorbed  into  the  blood  as  when 
tehe  oxygen  was  m  normal  proportion.  Jourdanet  has  indeed  asserted  that 
hihe  usual  notion  that  the  respirations  are  augmented  in  number  in  the 
(inhabitants  of  high  lands  is  "completely  erroneous";  that  the  respirations 
rire  m  fact  lessened,  and  that  from  time  to  time  a  deeper  respiration  is 
c'oluntarily  made  as  a  partial  compensation.  But  Coindet,  from  1500 
bbservations  on  French  and  Mexicans,  does  not  confirm  this:  the  mean 
number  of  respirations  was  19-36  per  minute  for  the  French,  and  20*297 
ror  the  Mexicans. 

As  a  curative  agent,  mountain  air  (that  is,  the  consequences  of  lessened 
wessure  chiefly)  ranks  very  high  in  aU  anemic  affections  from  whatever 
aiause  (malaria,  haemorrhage,  digestive  feebleness,  even  lead  and  mercury 
o.oisoning);  and  it  would  appear,  from  Hermann  Weber's  observations, 
bhat  the  existence  of  valvular  heart  disease  is,  if  proper  rules  are  observed 
^10  contra-mdication  against  the  lower  elevations  (2000  to  3000  feet) 
^Z  F^  T^'  ""''^  «^       aU  benefited  by  high  Alpine  position 

ocrofula  and  consumption  have  been  long  known  to  be  rare  among  the 
weUers  on  high  lands  and  the  curative  effect  of  such  places  on  "these 
aseases  IS  also  marked ;  but  it  is  possible  that  the  open-air  life  which  is  led 
.as  an  influence,  as  it  is  now  known  that  great  elevation  is  not  necessary 
nr  the  cure  of  phtlnsis.  Weber  and  others  have  shown  how  in  the  true 
ftl  T"^  Dauphine,  m  Peru  aaid  Mexico,  and  in  Germany,  phthisis 
™  S  prevented  by  high  altitudes.     The  mom  recent 

Fper  enee  of  Davoz  Platz  i«  .certainly  confirmatory  of  this 
«e  Swjr°   °"       Alps  phthisis  is  arrested  in  strangers,  in  many  places 
odri  l^T/^        ^"'"'^  heights  suffer  greatly  frV  it ;  the  caL  is 
my  in  1.11  -11    \°^f/?^P%ed  in  making  embroidery  congregate  all 
"!  a  Pn.l?    '  '^oms,  where  they  are  often  obliged  to  be 

^constrained  position;  their  food  is  poor  in  quality.    Scrofula  is  very 

^^nl^r  T""'  1^°  ^'""^       "P^^-^^^-  «^^^Pt^  therefore,  in 

om?/ ^^ntl^^^^^^^                     getting  well  of  phthisis  the  natives  die 

Ss  f7rTi                  ^^'f  T\^"^'  ^^"'^  l^^^l  conditions  and  social 

Tat  ?        n  ""T^  ?^  P^'*^^^'^^^  th^*^  that  in  most  cases  this 

■evaHl  seem  possible  that,  after  all,  it  is  not  indeed 

S  a^eThe  lZlr'''V'  t'       ''"^^'^  P^^'^^^      P-^      and  eSrcTse 
T  Sreat  agents  in  the  cure  of  phthisis. 
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The  diseases  for  which  mountain  air  is  least  useful  are-rheumatism,  at  the 
lowJr  eleXns  ^^^^^^  the  air  is  moist  (above  this  rheumatism  is  improved) 
anTkroTc  Xm^  affections  of  the  bronchial  tubes  and  pleura  and 
neurai^  xL^mountai^^  asthma"  appears,  however,  from  Weber s 
obsertto,  to  be  no  specific  disease,  but  to  be  common  pulmonary 
f.Tnr>hv=(pma  following  chronic  bronchitis.   

^t^sels  liL   that  pneumonia,  pleurisy,  and  acute  bronchitis  are  more 
n^T^r.-.nTi  in  bif?her  Alpine  regions  than  lower  down. 

sZiso^^^^^^  Press^cre.-The  effects  in  increased  pressure  have 

beennotcedin  persons  working  in  diving-bells,  caissons,  &c^,  and  in  those 
submit  d  to  treatment  by  compressed  ^^'l%-^^%^l];^ZoX^S^ 

the  ™om;  recession  of  blood  from  the  peripheral  parts  ;  there  i   a  littie 
Si'Lg  and  sometimes  pain  in  the  ears;  ^^^^^ 

is  increased  in  quantity;  appetite  is  '^''^^''^^X  J^J^'^^  atmos- 

effect  is  to  lessen  the  quantity  of  blood  m  tbe  veins        ^^^^^    '  ^ 

foundations  of  bridges  the  pressure  in  the  a^  chambeis  ™; 

to  4  atmospheres,  and  if  due  W^^-^^L^:.  iltnvenien  a^^^  experienced 
lower  the  pressure  too  ^api^lj,  no  symptoms  or  incom  e  ^.^^^  accidents, 
by  workmen  when  employed  m  them  for  ^^^^^'^  ^^^^^^^^^  muscular 
and  ill  effects  have  occurred  are 

pains,  nose  bleedings,  and  paralysis,       ^^^^^f/^^^^^Xn  the  reduction  of 

Lving  tiie  ^igl^-P--^^^^^^^  .'l^UTable  effects  appear  to  occur 

pressure  has  been  too  rapid.    V  ery  leAV  u  ^^^^^ 

Snder  the  actual  high  pressure  The  ^'"^^l^^^'-^l'^l^  ,i,.en,  the  body 
to  be  in  the  too  sudden  reduction  of  P/^^;^^  .^-.^^Ji,^^^^^  variations  oi 
seems  to  be  quite  able  to  ^^^^^^^^^^jf  ^^^^  GlaSher  and  CoxweU,  these 
pressure ;  thus,  m  a  balloon  ascent  made  by  Wa  s  ^.^^^^^  g 

Lervers  were  able  o  ^^^^^^  ^r  ^an^  ^  ^^I^o  worked  in  sinking 
inches  of  mercury,  while,  on  the  other  ^and^  men  ^^^^ 

•     P^^^^/°^''^f:st2S:  '^T1  se^rint^^^^^^^^^  of  atmospheric 

jtST^^c^&  air  has  sofar  bee. 
^     As  a  curative  agent  m  P^^f  ^^^f  ,  f^" '^f  ^^^^^^  In  the  "  compressed 

unfavourable,  but  is  of  exceeds  an  additaor 

change  is  taken  away.  ,  .  oxygen,  when  it  enteP 

Some  observations  ^^.f^^  ^Tv^^^^^^^  of  atnios 

the  blood  under  pressure  (such  as  that  gnen  oy 
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pheric  air,  or  3J  atmospheres  of  pure  oxygen),  is  toxic  to  birds,  jJroducing 
convulsions.  Convulsions  are  produced  in  dogs  when  the  pressure  is  only 
7  or  8  atmospheres  and  when  the  oxygen  amounts  to  only  double  the 
normal,  or,  in  other  words,  reaches  32  c.c.  per  100  c.c,  of  blood.  Bert  con- 
jectured that  the  toxic  influence  of  oxygen  was  on  the  nervous  centres,  like 
strychnine.  The  animal  temperatm-e  fell  2  or  3  degrees  (C.)  during  the 
convulsions,  so  that  excess  of  oxygen  did  not  cause  increased  combustion. 
In  the  case  of  a  dog  kept  under  a  pressure  of  9|  atmospheres  for  some  time, 
gas  was  found  in  the  ventral  cavity  and  in  the  areolar  tissue.  In  man  the 
pressure  of  only  5  atmospheres  appears  to  be  dangerous. 

Acclimatisation. — The  doctrine  of  acclimatisation  has  been  much  debated, 
but  probably  we  do  not  know  sufficiently  the  physiological  conditions  of  the 
body  under  different  circumstances.  In  the  case  of  Europeans  living  till 
puberty  in  a  temperate  region,  near  the  sea-level,  and  in  a  moist  cUmate 
hke  England,  and  then  going  to  the  tropics,  the  question  of  acclimatisation 
would  be  put  in  this  form, — Does  the  body  accommodate  itself  to  greater 
heat,  to  lessened  humidity  in  some  cases,  or  greater  in  others,  and  to 
varying  altitudes  1 

There  can  be  little  doubt  that  the  body  does  accommodate  itself  within 
certain  limits  to  greater  heat,  as  we  have  seen  that  the  lungs  act  less,  the 
skin  more,  and  that  the  circulation  lessens  when  Englishmen  pass  into  the 
tropics.  There  is  so  far  an  accommodation  or  alteration  impressed  on  the 
functions  of  the  body  by  unwonted  heat.  And  we  may  beheve  that  this 
effect  is  permanent,  i.e.,  that  the  lungs  continue  to  act  less  and  the  skin 
more  as  long  as  the  Europeans  remain  in  the  tropics.  Doubtless,  if  the  race 
were  perpetuated  in  the  tropics,  succeeding  generations  would  show  fixed 
alterations  in  these  organs. 

We  may  conclude  that  the  converse  holds  true,  and  that  the  cold  of 
temperate  regions  will  influence  natives  of  the  tropics  in  an  opposite  way, 
and  this  seems  to  be  rendered  likely  by  the  way  in  which  lung  affections 
arise  in  many  of  them. 

We  may  admit  there  is  an  acclimatisation  in  tliis  sense,  but  in  no  other. 
The  process  is  one  of  adaptation  rather  than  acclimatisation.  The  usual 
belief  that  the  constitution  acquires  in  some  way  a  power  of  resisting 
unhealthy  influences— that  is,  a  power  of  not  being  any  longer  susceptible 
to  them— IS  not  supported  by  any  good  evidence.  The  lungs  in  Europeans 
will  not  regain  their  weight  and  amount  of  action  in  the  tropics ;  a  change 
to  a  cold  climate  only  will  cause  this ;  the  skin  retains  its  increased  function 
until  the  cause  producing  it  is  removed.  So  also  there  is  no  acclimatisation 
in  any  sense  of  the  word  for  malaria. 

From  the  results  of  a  long  extended  inquiry  into  the  effects  of  climate  on 
different  races  of  people,  Stokvis  concludes  '"'  that  the  power  of  resistance 
01  the  healthy  adult  European  living  in  the  tropics  quite  equals,  and  in 
some  measure  is  even  superior  to,  the  vital  power  of  the  native  races."  On 
tne  other  hand,  there  are  certain  peculiarities  of  the  race  which  have  been 
^'TaduaJly  acquired  by  inheritance  from  generation  to  generation,  and  that 
Wie  longer  the  European  resides  in  the  tropics  the  more  likely  is  he  to  lose 
ms  superior  resisting  powers ;  and  it  is  possible  that  the  European  Creole  is 
ooth  bodily  and  mentally  inferior  to  the  European. 

Classification  of  Climates.— The  simplest  plan  of  classifying  climates  is 
oased  upon  geographical  limits,  and  largely  according  to  latitude.    This  at 
Jest  is  imperfect  unless  allowance  be  made  for  the  influence  of  warm  or  cold 
_ea-currents,  large  ocean  areas,  and  the  nearness  or  distance  of  mountain 
'inges.    ihese  latter  in  particular  greatly  affect  rainfall  and  exposure  to 
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winds  Allowing  for  these  modifying  influences,  and  based  upon  the 
principle  or  limits  of  latitude,  a  commonly  accepted  classification  of  climates 

is  as  follows : —  ^    r   i  t-  ■  j 

Warm  aimates.— These  include  the  greater  part  of  Africa  and  its 
islands;  Southern  Asia,  embracing  India  and  China ;  Polynesia,  including 
aU  Australia  except  Victoria;  North  America  south  of  California;  and 
South  America  north  of  Uruguay,  with  the  West  Indies.  These  chmates 
are  marked  by  high  temperature,  heavy  rainfall,  and  more  or  less  well- 
defined  dry  and  wet  seasons.  Such  climates  are  usually  met  with  m  places 
Ivin-  between  the  equator  and  35°  of  latitude  north  or  south  of  it.  They 
can  be  subdivided  into  equatorial,  tropical,  and  sub-tropical  groups.  In  the 
equatorial  the  mean  annual  temperature  is  from  80  F.  to  M  i^.,  tne 
nMmum  being  54°  F.  and  the  maximum  118°  E.  The  mean  temperature 
decreases  slowly  as  we  recede  from  the  equator.  The  '^ffere-ce  of  tei^ 
perature  during  the  day  is  slight,  but  there  is  a  marked  faU  ^t  m^J^t 
radiation.  The  rainfall  is  rarely  less  than  40  inches  annuaUy,  and  it  is  this 
which  tempers  and  reduces  the  otherwise  extreme  heat 

Though  possibly  all  the  diseases  usually  attributed  to  the  influence  of 
warm  climates  are  not  rightly  so,  still  these  climates  are  pecuharly  apt  to 
be  associated  with  such  affections  as  heat-stroke,  yeUow  fever  choler^ 
den-ue,  liver  abscess,  dysentery,  smaU-pox,  and  various  forms  of  malarial 
feve°r,  while  scarlet  fever  and  measles  are  comparatively  rare. 

Temperate  GUmates.-These  have  a  mean  temperature  of  60  F-,  often 
with  great  extremes;  four  weU-defined  seasons,  usually  most  rainy  during 
autumn  and  winter;  and. the  geographical  limits  of  f'^^  ^5  to  50  oj 
latitude  The  temperate  climates  are  inhabited  by  the  most  vigorous  races 
of  the  world  and  would  seem  to  have  been  in  all  ages  speciaUy  favourable 
to  th  ^hyll  and  inteUectual  growth  of  the  human  race.  The  most  prev 
alent  diseases  are  for  the  most  part  the  ordinary  diseases  of  Euiope  and 
Srica  especially  rheumatism,  acute  and  chronic  pneumonia  various  affec- 
tions of  the  air-passages,  and  the  large  group  of  exanthema  a.  ^^^'^^'^ 
consumption  is  common,  but  cannot  be  said  to  be  the  special  P^o^^^t^^ 
these  climates,  "though  doubtless  immunity  from  the  disease  has >een 
shown  to  eS  under  "various  and  indeed  opposite  climatic  conditions 

^^'cAmates.-These  belong  to  regions 

l.ti-hirlP  and  the  poles.  In  them  the  summer  is  short,  often  lasting  but  a 
few  weeS^  w^^^^  ^^i^ter  is  long.  Snow  is  extensive,  ^ut  of  rain  there 
STitre  or'none  The  temperature  falls  rapidly  between  latitudes  5 D  and 
7^  and  the  fal  amounts  to  22°  F.  to  27°  F.,  the  coldest  region  being  not 
If  Cpde,  but  about  10°  from  it  north  of  Behrnig^s  Straits,  the  mea. 

w^ch  can  be  directly 

if  of  bvtnawhiX  prevails.    Ophthalmia  and  amaurosis  are  also  re- 
C«n.a<e..-Th«  are  peculiar  being  ™f ''^CrrJ 
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are  (1)  the  Alpine,  where  the  winter  is  very  cold,  dry,  and  calm,  but  the 
sun's  rays  are  most  powerful ;  (2)  the  Rocky  Mountains  of  North  America, 
where  the  climate  resembles  that  of  the  Alpine  resorts,  but  warmer,  drier,, 
less  snow,  but  more  dust ;  (3)  the  sanitaria  of  the  Andes,  with  a  climate- 
generally  dry,  warm,  and  bracing,  except  at  La  Paz,  where  the  winter  is- 
cold;  (4)  Himalayan  stations,  where  the  climate  is  cool,  but  subject  ta 
considerable  extremes,  and  damp  owing  to  the  excessive  rainfall ;  (5)  the 
South  African  Highlands  of  Cape  Colony,  Orange  Eiver  Colony,  and  the 
Transvaal,  where  the  climate  is  warm,  with  seldom  any  extreme  of  cold 
except  during  the  rainy  season  and  a  few  days  of  winter. 

Mountain  chmates  are  peculiarly  favourable  to  those  having  imperfect 
chest  development,  with  hereditary  or  other  tendencies  to  consumption  ;  but 
are  imsuitable  for  those  troubled  with  chronic  bronchitis,  or  acute  diseases 
of  the  lungs,  kidneys,  liver,  or  brain.  The  .peculiar  effects  of  mountain 
climates  appear  to  be  due  to  the  increased  aeration  of  the  blood  which  takes- 
place  during  the  act  of  breathing  mountain  air,  and,  as  a  result  of  this,  these 
chmates  are  best  suited  for  those  capable  of  taking  abundant  exercise,  and 
thstinctly  hurtful  to  the  aged  and  very  feeble. 

Marine  climates  are  those  prevailing  upon  islands,  capes,  and  sea  coasts, 
in  which  the  temperature  is  remarkably  equal,  rarely  reaching  extremes, 
and  in  which,  owing  to  the  increased  moisture  and  rainfall,  a  certain 
softness  of  atmosphere  is  experienced.  The  climates  of  Great  Britain, 
iS'orway,  and  Iceland  may  be  taken  as  types  of  these  so-called  marine 
chmates. 

The  principal  diseases  which  appear  to  be  in  any  way  peculiar  to  marine 
climates  are  rheumatism,  and  the  various  affections  of  the  lungs  and  air- 
passages,  the  greater  part  of  which  may  be  due  to  the  dampness  and  con- 
stant weather  changes  which  are  so  characteristic  of  these  climates. 
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CHAPTER  XV. 


METEOROLOGY. 

Meteorology  is  the  science  of  weather ;  while  the  word  weather  denotes 
the  general  condition   of   the  atmosphere  at  any  particular  time,  and 
especially  of  that  portion  of  the  atmosphere  near  the  surface  of  the  earth. 
These  definitions  suggest  that  weather  is  a  general  result  produced  by  the 
combined  action  of  several  different  elements,  each  consisting  of  a  special 
set  of  phenomena  in  the  physics  of  the  atmosphere,  such  as  those  depending 
on  its  warmth,  motion,  dryness,  humidity,  transparency,  and  the  like; 
while  the  leading  principles  of  modern  scientific  meteorology  are  first,  the 
making  of  accurate  and  systematic  observations  of  these  phenomena,  and  i| 
secondly,  their  practical  interpretation.     The  making  of  meteorologica  3 
observations  presents  for  the  most  part  no  great  difficulty,  the  essential  1: 
qualification  being  "  a  capacity  for  doing  a  small  piece  of  routine  work  a 
stated  times  without  losing  interest  in  it,  and  so  becoming  careless.      lo  be 
of  any  value,  the  observations  made  at  different  places  must  be  comparable, 
the  instruments  used  must  be  similar  in  form,  exposed  m  a  similar  way, 
and  the  errors  peculiar  to  them  and  to  the  observer  must  be  known. 

•1 

TEMPERATURE,  HOW  OBSERVED  AND  CALCULATED. 

Thermometers.— The  principle  of  these  instruments  is  that  they  measure 
temperature  by  the  expansion  of  bodies.    The  first  thermometer  is  supposed 
to  h?ve  been  invented  by  Sanctorio,  of  Padua,  in  1590  ;  but  t^e  ns^ory  0 
the  instrument  practically  dates  from  1714,  when  Fahrenheit  of  Dantzic 
constructed  the  thermometer  known  by  his  name.  w  tlieii 

Liquids  are  the  bodies  best  suited  for  the  purpose  of  indicating,  by  their 
expansCor  contraction,  the  intensity  of  heat,  in  ^l^^^^^^f  ^ruc  ion  of 
Sermometers  ;  the  expansion  of  gases  being  too  grea   and  tha  of  solids  too 
.nfnll     Of  liauids  mercury  and  alcohol  are  practicaUy  the  only  ones  used , 
helormer'brute  of  its  e^  exi3ansion  at  "  tempe^^^^^^^^^ 

ZoXric  pressure  it  does  not  soUdify  at  the  greatest  known  cold 
thrtaTn?,  mercury  is  used  for  recording  high  degrees  of  heat,  aad 

alcohol  for  low  temperatures.  uniform  bore, 

A  thermometer  consists  of  a  capillary  glass  tube  ot  unilorm  do  , 

clos^l  TZ  end,  and  blown  out  at  the  other  into  '^.^f  ^  ^f^^  ^^^^^^ 
is  filled  mth  mercury  or  spirit.    Both  the  bulb  ^"^^^^^  .^^^^^^^^^^^^^^ 
filled  with  mercury  or  spirit,  and  the  expansion  or  ^^^^JjJ^^^^^^^h  it  is 
by  a  scale  graduated  either  on  the  stem  itself,  or  on  a  frame  to  which 
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attached.  The  construction  of  a  thermometer  involves  the  following  opera- 
I  tions  : — calibration  or  division  of  the  tube  into  parts  of  equal  capacity,  filling 
i.the  thermometer,  and  the  graduation.  In  order  to  provide  the  thermometer 
\'with  a  scale  to  which  variations  of  temperature  can  be  referred,  two  points 
nmust  be  fixed  which  represent  identical  temperatui'es.  "Experiment  has 
?  shown  that  ice  constantly  melts  at  the  same  temperatm'e,  whatever  be  the 
.■.degree  of  heat,  and  that  distilled  water  under  the  same  pressure  and  in  a 
vvessel  of  the  same  kind  always  boils  at  the  same  temperature.  Conse- 
aquently,  for  the  first  fixed  point,  or  zero,  the  temperature  of  melting  ice  has 
bheen  taken ;  and  for  the  second  point,  the  temperature  of  boiling  water  in  a 
nmetal  vessel  under  the  normal  atmospheric  pressure  of  760  millimetres." 

On  the  continent  the  space  between  zero  and  the  boiling  point  is  divided 
iiinto  100  parts,  and  this  division  is  called  the  Centigrade  or  Celsius  scale. 

Another  scale  introduced  by  E^aumur,  a  French  physicist,  in  1731,  has 
tithe  ame  fixed  points  as  in  the  Centigrade,  but  the  interval  between  them  is 
(Idivided  into  80  instead  of  100  parts  ;  that  is  to  say,  80  degrees  Et^aumur 
e'cqual  100  degrees  Centigrade,  or  1  degree  Eeaumur  is  f  of  a  degree  Centi- 
ETgrade,  or  1  degree  Centigrade  is  |-  of  a  degree  Eeaumur.  Consequently,  to 
■^icorrect  Eeaimiur  degrees  into  Centigrade  ones,  it  is  necessary  to  multiply 
Ithem  by  f.  Similarly,  Centigrade  degrees  are  converted  into  those  of 
BEeaumur  by  multiplying  them  by  4. 

In  England  and  America,  for  general  use,  the  thermometric  scale  invented 
by  Fahrenheit  is  still  employed.  In  this  scale  the  higher  fixed  point  is, 
dike  that  in  the  Centigrade  and  Eeaumur  scales,  that  of  boiling  water ;  but 
:lthe  lower  fixed  point  or  zero  is  not  the  temperature  of  melting  ice,  but  that 
1  obtained  by  mixing  equal  parts  of  snow  and  sal  ammoniac,  and  the  interval 
>between  the  two  is  divided  into  212  parts  or  degrees.  The  zero  temperature 
ma  this  scale  is  lower  than  that  of  melting  ice,  with  the  result  that  when  a 
FFahrenheit  scale  thermometer  is  placed  in  melting  ice,  it  stands  at  32  degrees, 
uand,  therefore,  100  degrees  on  the  Centigrade  scale  and  80  on  the  Eeaumur 
vequal  212  less  32,  or  180  degrees  on  the  Fahrenheit,  or  1  degree  Fahrenheit 
■^equals  -f  of  a  degree  Centigrade,  and  |  of  a  degree  Eeaumur.  For  the  con- 
•version  of  any  given  number  of  degrees  Fahrenheit  into  Centigrade  or 
\Reaumur  degrees,  the  number  32  must  be  first  subtracted  in  order  that  the 
l|degrees  may  count  for  the  same  part  of  the  scale,  and  the  result  then  multi- 
'iphed  by  the  relative  value  of  the  two  degrees.  Conversely,  Centigrade  and 
{Eeaumur  degrees  may  be  converted  into  Fahrenheit  by  adding  32  after 
mnultiplymg  by  the  ratio  value. 

Thus,  |C.  +  32  =  F.  fE.  +  32  =  F. 

(F-32)|  =  C.  (F-32)A  =  E. 

In  both  the  Eeaumur  and  Centigrade  scales  all  temperatures  below  the 
*reeznig^ point  have  a  "minus"  sign  prefixed  to  them.  In  the  case  of  the 
|J^ahrenheit  scale  the  zero  is  32  degrees  below  the  freezing  point,  so  that  the 
•ir^^^j^^  ^^^^  seldom  used  for  temperatures  occurring  in  the  United 
^ngdom.    The  Fahrenheit  and  Celsius  scales  agree  at  -40°. 

It  has  been  found  that  in  the  course  of  time  the  zero  of  thermometers 
•tends  to  rise,  so  that  when  they  are  immersed  in  melting  ice  the  mercury 
'DO  longer  sinks  to  zero.  This  displacement  of  the  zero  is  generally  attributed 
h  of  the  volume  of  the  bulb  and  also  of  the  stem,  occasioned 

voy  the  pressure  of  the  atmosphere.    When  very  accurate  thermometers  are 
equired  it  is  usual  to  fill  them  two  or  three  years  before  they  are  graduated. 
^^■^  good  mercury  thermometer  should  answer  to  the  following  tests, 
wnen  completely  immersed  in  melting  ice,  the  top  of  the  mercury  should 
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exactly  indicate  zero  or  32°,  according  as  to  whether  the  scale  be  Centigrade 
and  Reaumur  or  Fahrenheit ;  and  when  suspended  in  the  steam  oi  water 
boilinff  in  a  metal  vessel  with  the  barometer  at  29-92  inches,  the  mercury 
should  be  stationary  at  either  100°  or  212°  according  to  the  kind  of  scale. 
The  value  of  the  degrees  should  be  uniform,  as  shown  by  a  detached 
piece  of  mercury  occupying  an  equal  number  of  degrees  m  all  parts  oi  the 

^^^The  thermometers  used  in  meteorological  observatories  are  of  various  | 
kinds -—standard  thermometers,  ordinary  thermometers,  registering  ther- 
mometers, sometimes  called  maximum  and  minimum  thermometers,  seit- 
recording  thermometers,  and  radiation  thermometers.  . 

A  Standard  thermovieter  is  a  thermometer  made  with  great  care,  and  is 
employed  for  testing  the  accuracy  of  the  instruments  used  for  ordinary  i 
observations.     Standard   thermometers   are   usually  mercurial,  because, 
between  the  two  fixed  points  on  the  scale,  the  expansion  of  mercury  is 
perfectly  uniform.    Its  scale  must  be  cut  on  the  stem,  and  should  range' 
from  far  below  zero  to  the  boiling  point  of  water.    The  scale  should  not  be 
marked  for  several  years  after  the  tube  has  been  filled,  m  order  to  guard, 
against  the  defect  known  as  the  displacement  of  zero,  arising  from  he 
^adual  contraction  of  the  bulb  which  results  from  the  slowness  with  wh^ 
fused  glass  returns  to  its  original  density     As  the  bulb  ' 
less  mercury,  which  is  forced  into  the  tube  to  a  higher  level  than  the  tem- 
perature warrants,  whereby  the  instrument  tends  to  read  high^ 
^    Ordinanj  tliermometers  need  no  special  remarks  beyond  that  they  s^^^^^ 
be  constructed  of  mercury,  and  have  a  certificate  of 

recognised  scientific  institution.  In  order  to  guard  against  the  defect  pro  , 
duced  by  the  "displacement  of  zero,"  it  is  advisable,  at  least  once  a  year,  to, 
d^rmine  the  freezing  point  of  water  on  the  thermometers  by  immersmg: 

"^l^^^^^ZZZ::-..  instruments  provided  ^^^^^^^ 
which  enables  us  to  ascertain  the  highest  or  lowest  temperature  to  which  theyj 

"^^i^r^r ^^^^^^^^^^  are  of  two  kinds,  Phillip,  and  Negi^tti.. 
Both  these  instruments  have  mercurial  columns,  a  de^^^ied  poit^n  ol 
which  serves  as  an  index  for  the  highest  temperature  reached  In  PMhp 
the  detached  portion  of  the  mercurial  column  is  separated  from  the  res^ 
I  o  hiSf  of  air  In  Ne-retti's  the  detachment  is  made  by  means  of  a 
con^^^^^^^^^^        th  tube,  which,  while  allowing  the  expanding  mercv^ 

otss  when  the  temperature' is  rising,  is  sufficient  to  overcome  the  natu^ 
cohesioi7of  the  metal  when  contracting,  to  P^^^^'  ct  S 

..ZT  kth  these  instruments  arfe  placed  horizontally,  and  both  can  b« 
resSy  lotring  the  bulb,  and  then  either  gently  tapping  or  swinging  the 

"^^^n  tnerr..neters  are  of  two  '^i^ds  ".^'s  a^^^^^^^^ 
In  Rutherford's  instrument  a  small  metallic  index  is  immersea 

tL  rises  again,  the  alcoho  passes  the  "^^ex  and  lea^^^^^^ 

farthest  from  the  bulb  at  the  lowest  ^J^f^^^^l^^^^^^^^^  1^"^^ 
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the  top  of  the  tube.  Both  these  faults  can  be  easily  cured  by  holding 
le  thermometer  bulb  downwards  and  swinging  it  rapidly  round ;  this  will 
sually  cause  the  air  bubbles  to  disperse,  and  displace  any  condensed  alcohol 
■om  the  top  of  the  tube.  If,  by  chance,  as  the  result  of  this  procedure, 
le  index  be  thrown  into  the  bulb,  a  little  tapping  and  patience  will  bring  it 
at  again. 

To  avoid  the  annoyance  arising  from  breakage  of  the  column  by  bubbles 
f  air,  and  from  vaporisation  in  alcohol  minimum  thermometers,  CaseUa 
as  invented  a  mercurial  minimum  thermometer  (fig.  120).  In  this 
istrument  there  is  no  steel  or  other  index  employed ;  its  general  form  is 
lown  in  the  figure,  c  being  a  tube  with  large  bore,  at  the  upper  end  of 
Iiich  a  flat  glass  diaphragm  is  formed  by  the  abrupt  junction  of  the  small 
lamber  a  b,  the  inlet  to  which  at  b  is  larger  than  the  bore  of  the  indicating 
ibe.  The  result  of  this  is  that,  having  set  the  thermometer,  the  contract- 
ig  force  of  the  mercury  in  cooling  withdraws  the  fluid  in  the  indicating 
em  only ;  whilst  on  its  expanding  with  heat,  the  long  or  indicating  column 


.  Fig.  120. 


eoes  not  move,  the  increased  bulk  of  mercury  finding  an  easier  passage 
twough  the  larger  bore  into  the  small  pear-shaped  chamber  attached.  To 
't  this  mstrument,  it  is  necessary  to  raise  or  lower  the  bulb  end,  so  as  to 
uuse  the  mercury  to  flow  slowly,  until  the  best  part  of  the  tube  c  is  full 
aiatne  chamber  a  &  quite  empty;  if  at  any  time  mercury  will  not  readily 
WW  trom  the  smaU  chamber  as  above,  a  tap  or  jerk  with  the  hand  will 
uuse  It  to  do  so. 

Previous  to  the  invention  of  these  maximum  and  minimum  thermometers, 
•registering  instrument  known  as  Six's  thermometer  (fig.  121),  from  the 
"me  of  Its  inventor,  was  much  used,  and  is  so  now.    The  tube  of  the 
cstrument  is  long  and  U-shaped.    One  limb  constitutes  the  cold  tube,  and 
«  at  Its  extremity  a  bulb,  while  the  other  limb  is  the  heat  tube,  having  at 
B  rop  or  end  a  small  chamber  in  which  is  confined  some  air.    The  middle 
OTion  of  the  tube  contains  mercury  extending  round  the  bend  and  part  of 
e  way  up  each  limb.     The  bulb  and  both  tubes  or  limbs  above  the 
»x<niry  contain  alcohol.     Inside  the  alcohol  are  two  steel  indices,  one 
»mg  m  the  cold  and  the  other  in  the  heat  tube.    These  are  readily  set 
caused  to  rest  gently  upon  either  column  of  mercury  by  moving  them 
iohoT?  1  ^^^^g  if        temperature  rises,  the 

rTv  "^'^^  expand  and  push  down  the  mercury  in  the  cold 

u'inHl  ^'"'^^  ^^S'  ^^'i       ^«  ^^oi"g  drive  up  the  index  in 

U  1.1  •  r  *^™Perature  ceases  to  rise,  when  the  point  of  maximum  heat 

fe  nrpi?«  1    1  °f  i'^d"^^-    On  a  fall  of  tempera- 

precisely  the  reverse  will  happen,  for  then  the  spirit  within  the  bulb 
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will  contract,  and  the  pressure  in  the  air  chamber  at  the  top  of  the  heat 
leg  will  force  the  mercury  down  in  it,  but  up  in  the  cold  limb,  while  the 
cold  index  will  continue  to  go  up  so  long  as  the  tempera- 
ture continues  to  fall.    Of  course  the  scales  read  down-, 
wards  on  the  cold  leg  and  upwards  in  the  heat  one,  am 
in  each  the  lower  end  of  the  index  shows  respectively  th 
lowest  and  highest  temperature  reached  since  the  instrumeni 
was  last  set.    The  presence  of  the  air  chamber  makes  a  Six'[ 
thermometer  unsuited  for  travelling,  and  necessitates  th 
vertical  position.    The  instrument  is  further  liable  to  error, 
owing  to  the  fact  that  sometimes  alcohol  will  ooze  roun 
by  the  side  of  the  mercury,  and  so  pass  from  the  cold  t 
the  heat  leg.    As  the  scales  run  in  opposite  directions,  it 
obvious  that  if  this  defect  occurs,  it  gives  rise  to  a  larg 
error  in  the  reading  of  the  temperature.     No  one  but 
skilled  optician  can  rectify  this  evil. 

Self-recording  thermometers,  or  thermographs,  are  mstni 
ments  adapted  with  an  arrangement  by  which  they  recorr 
their  own  readings.     Of  these  instruments  those  of  Cnp 
or  Eichard  are  familiar  examples.     The  bulb  is  a  larg^ 
ciirved  flattened  tube,  filled  with  a  liquid  which  tends 
straighten  Avith  an  increase  of  heat,  and  this,  bemg  co 
nected  with  a  long  lever  in  such  a  manner  as  to  rise  wit. 
increase,' of  temperature  and  to  fall  with  decrease,  marks 
tracing  'line  upon  a  revolving  cylinder.    This  cylmder  d 
pends  upon  a  clockwork  arrangement,  and  can  be  wound  u 
started  and  left  untouched  for  given  periods  of  time,  at  tl 
end  of  which  records  of  temperature  will  be  found  for  eve: 
instant  during  the  period.     As  the  curvature  of  the  tu 
and  the  spring  mechanism  are  apt  to  alter,  these  ms  _ 
ments  need  to  be  corrected  and  compared  periodicaUy  wi 
an  accurate  mercurial  thermometer. 

Radiation  thermometers  are  commonly  employed  to  afford  a  measure 
the  intensity  of.  the  heat  radiations  received  from  the  sun,  or  given  oil 

the  surface  of  the  earth.  ,    .    -,  ,  t 

Some  idea  of  the  intensity  of  the  sun's  heat  is  obtained  by  means  of 
are  called  solar  radiation  thermometers  or  maximum  thermonieters  piac 
direct  in  the  sun's  rays.    In  order  to  avoid  loss  of  heat  by  reflection  froi 
the  bright  glass  surface  of  the  bulb,  this  and  one  inch  of  the  stem  is  co^ 
with  l^npblack.  and  this  again,  to  protect  it  from  bemg  --j^f ^ 
Z  placed  in  a  glass  case  out  of  which  air  has  been  pumped  to  make  rt 
vacuum     Unfortunately,  the  presence  of  the  outer  glass  co^^ring  largd 
Interfees  with  the  cooling  influence  of  wind,  which  materially  aftects  11 
dis    but  on  of  heat  by  the°sun  in  nature.    Notwithstanding  this  theo  etK 
defect  the  blackened  bulb  maximum  thermometer  tn  vacuo       the  h« 
fnstrument  we  have  for  measuring  the  amount  of  heat  given  out  or  rach^ 
bv  the  stm     The  instrument  is  exposed  freely  to  the  sun  and  air  by  fi^ 
KroXlly  i  feet  above  the  ground,  well  away  f--^-^  ^J^^ 
with  its  bulb,  in  this  country,  pointing  south-ea^t.  Jhe  heat  rec^^^^^ 
ZL\^       instrument  will  be  the  temperature  at  which  an  equilibrium 
blnce  i  esSedl^^^^   the  heal  produced  by  the  ^^^J^^'^, 
sun  on  the  bulb,  and  the  cooling  caused      ^^fXr  "f  course  wd  ha. 
the  bulb  to  the  glass  jacket  or  ««^f""S '/^/^^/^^^^^f  ^ws  Iherefoi 
practically  the  same  temperature  as  that  of  the  air.    It  tolloA^-, 
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.at  the  excess  of  the  temperature  of  the  black  bulb  over  that  of  the  outer 
..ir,  as  registered  by  a  maximum  thermometer  in  the  shade,  will  be  an 
[approximate  measure  of  the  power  of  the  actual  sun's  rays,  or  in  other 
Yords,  the  power  of  the  sun's  radiation  of  heat.  Thus,  suppose  the  black 
■julb  thermometer  shows  a  reading  of  116°,  and  the  shade  or  air  maximum 
e)e  76°.  The  difference  between  them  of  40°  will  be  the  approximate 
iQsasure  of  the  sun's  intensity.  As  an  alternative  method,  it  has  been 
suggested  to  expose  alongside  of  the  black  bulb  in  vacuo  a  similar  ther- 
iQometer  also  in  vacuo,  only  with  its  bulb  bright,  and  to  register  the 
liifference  between  the  readings  of  the  two  instruments  as  the  amount  of 
volar  radiation.  It  has  been  objected,  with  some  reason,  to  both  these 
icethods  that  the  indications  of  the  black  bulb  or  sun  maximum  thermometer 
r<re  not  of  much  value,  because,  in  the  first  place,  the  sun's  rays  do  not 
eiecessarily  have  their  greatest  power  at  the  hour  of  maximum  air  tempera- 
iiure,  but  much  earlier,  and  that  to  obtain  reliable  results  we  should 
therefore  subtract  from  the  black  bulb  reading,  not  the  maximum,  but  the 
ctual  air  temperature  at  the  moment  the  black  bulb  reaches  its  highest 
CHoint.  What  is  really  wanted  is  a  measure  of  the  total  heat  received  from 
Tihe  sun,  not  a  record  of  its  maximum  intensity  at  any  instant.  The 
e.eho-pyrometer  of  Southall,  and  the  actinometers  of  Pouillet,  Crova, 
diangley,  Herschel,  and  Eichard,  which  to  a  certain  extent  give  this,  are' 
anfortunately,  not  suited  for  general  use ;  but  "  much  may  be  learned  frora 
\he  duration  of  direct  solar  radiation,  even  without  attempting  to  estimate 
as  intensity." 

Not  only  is  there  a  constant  gain  of  heat  by  the  earth  from  the  sun,  but 
itere  is  also  a  more  or  less  constant  loss  of  heat  from  the  earth  and  from  all 
bjects  on  it.  This  loss  of  heat  is  spoken  of  as  terrestrial  radiation,  and  is 
•ery  much  greater  when  the  sky  is  clear  than  when  overcast  with  clouds, 
t'he  amount  of  this  loss  of  heat  by  radiation  is  determined  by  placing  a. 
imimum  thermometer,  as  already  described,  on  short  supports  some  4  inches, 
rff  the  ground,  preferably  on  a  plot  of  grass.  Should  the  ground  be  covered 
lath  snow,  the  instrument  should  be  laid  upon  the  surface  of  the  snow. 
rVhere  a  grass  plot  is  not  available,  the  thermometer  should  be  placed  on  a 
nrge  black  board  laid  upon  the  ground.  The  difference  or  defect  of  this 
omimum  temperature  below  that  of  the  air  minimum  in  the  shade  is  taken 
s  the  amount  of  terrestrial  radiation.  The  bulb  of  minimum  thermometers 
wed  for  this  observation  is  often  modified  so  as  to  present  the  greatest, 
nmount  of  surface  relatively  to  its  contents,  either  by  making  it  in  the  form 
f  a  hollow  cylinder,  or  by  arranging  it  in  the  form  of  a  fork,  or  by  drawing 
0  out  and  bending  it  back  upon  itself. 

Thermometer  Exposure.— The  method  of  exposing  radiation  thermo- 
aeters  has  been  definitely  stated,  but  the  proper  exposure  of  other  or  shade 
diermometers  so  that  they  may  indicate  the  true  temperature  of  the  air  is 
matter  of  some  difficulty.  Two  conditions  are  required :  (1)  a  constant 
Peculation  must  be  kept  up  round  the  thermometer  bulbs,  and  in  its  passage 
3  the  instruments  the  air  must  not  have  its  temperature  changed  by  passing 
fver  hot  or  cold  surfaces ;  (2)  the  thermometer  bulbs  must  be  protected  not 
"my  from  the  direct  rays  of  the  sun,  but  from  radiations  of  all  kinds  from 
Mrrounding  objects.  These  conditions  are  probably  most  nearly  realised  by 
ae  shng  thermometer,  which  is  attached  to  a  cord  some  2  feet  in  length  and 
wung  round  like  a  shng  in  the  shade.  Obvious  objections  exist  to  observa- 
'lons  of  this  kind,  and  various  kinds  of  thermometer  shelter  have  been 
revised.  Perhaps  the  best  is  that  used  in  this  country  and  called  after  its 
nventor  the  "Stevenson"  screen.    It  consists  merely  of  a  hut  or  box 
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made  of  stout  boards,  with  a  ridge  roof  and  louvred  sides,  open  below,  and 
standing  some  4  feet  off  the  grass  on  four  legs.  It  should  be  placed  where 
it  will  be  freely  exposed  to  the  movements  of  the  air,  and  at  least  20  feet 
away  from  any  house  or  building. 

Eeadiag  of  Thermometers. — All  good  thermometers  can  be  read  by  the 
eye  to  tenths  of  a  degree.  The  maximum  and  minimum  thermometers  are 
read  once  a  day,  usually  at  9  a.m.  ;  the  former  marks  the  highest  point  reached 
on  the  previous  afternoon,  and  must  be  so  entered  on  the  return ;  the  latter, 
the  lowest  point  reached  on  the  same  morning.  For  the  army  returns  the 
ordinary  thermometer  is  read  twice  a  day,  at  9  a.m.  and  3  p.m.  If  three 
readings  are  taken  daily,  the  hours  of  6  a.m.,  2  p.m.,  and  10  p.m.  are  the 

best.  .        •    T,  J     •  i. 

Range  of  Temperature. — The  maximum  and  minimum  m  shade  give  most 
important  climatic  indications ;  the  difference  between  them  on  the  same  day 
constitutes  the  range  of  the  diurnal  fluctuation.    The  range  is  expressed  m 

several  ways.  i, 

The  extreme  daily  range  in  the  month  or  year  is  the  ditterence  between 
the  maximum  and  minimum  thermometer  on  any  one  day. 

The  extreme  monthly  or  annual  range  is  the  difference  between  the 
greatest  and  least  height  in  the  month  or  year.  ^i. 

The  mean  monthly  range  is  the  daily  ranges  added  and  divided  by  the 
number  of  days  in  a  month  (or  the  difference  between  the  mean  of  all  the 
maxima  and  the  mean  of  all  the  minima).  ■,  j-      j      i  o 

The  yearly  mean  range  is  the  monthly  ranges  added  and  divided  by  1^. 

Mean  Temperature.— mean  temperature  of  the  day  is  obtained  m  theJ 

following  ways : —  ,  r  i  i. 

(a)  At  Greenwich  and  other  observatories,  where  by  means  of  photograpny 
the  height  of  the  thermometer  at  every  moment  of  the  day  is  registered,  the 
mean  of  the  hourly  readings  is  taken.    This  has  been  found  to  accord  mthi 
the  absolute  mean  (found  by  taking  the  mean  of  the  whole  curve)  to  withm 
^th  of  a  degree.    It  may  also  be  recorded  by  means  of  a  self-registermg 

^^^*(6rAliproximately  in  several  ways.  Taking  the  mean  of  the  shade 
maximum  and  minimum  of  the  same  day.  In  this  country,  during  the  cold 
months  (December  and  January),  the  result  is  very  close  to  the  trutli ;  but 
as  the  temperature  increases  a  greater  and  greater  error  is  produced,  until 
in  July  the  mean  monthly  error  is  +  r-9  F.,  and  in  some  hot  days  is 
much  greater.  In  the  tropics,  the  mean  of  the  maximum  and  minimum 
must  Ave  a  result  still  further  from  the  truth. 

Monthly  corrections  can  be  applied  to  bring  these  means  nearer  the  trutn. 
Lloyd  has  suggested  the  following  rule  for  this  country,  the  result  being 
the^pproxim^te  mean  temperature.    Multiply  the  difference  between  th 
observed  maximum  and  minimum  by  the  proper  factor  obtained  from  the 
foUowing  table,  and  add  the  product  to  the  minimum. 

,,  Factor. 
Month.  Q.g^Q 

January  and  December,   n-bQQ 

February  and  November   ^.^gg 

March  and  October,   0"476 

April  and  September,   q.^^q 

May  and  August,       .       •   q  .^gg 

June  and  July,  

In  a  great  number  of  places  the  mean  temperature  of  the  d^y/;;^^^^^^^ 
as  stated  in  books,  is  derived  solely  from  the  mean  of  ^ 
minimum;  if  a  Stevenson's  screen  is  in  use  this  is  very  nearly  the  truth 
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according  to  Scott,  the  approximation  to  tlie  true  mean  is  very  close  in 
,  lost  parts  of  the  world,  especially  if  the  observations  be  taken  as  near  the 
;  id  of  the  period  as  possible,  near  midnight,  for  instance,  for  the  mean  of 
lae  civil  day  of  twenty-four  hours.  The  apjjroximate  mean  temperature 
laay  also  be  obtained  by  taking  observations  at  certain  times  during  the  day. 
if  these  be  taken  at  7  a.m.,  2  p.m.,  and  at  9  p.m.,  or  at  t,  t'  and  t",  the 

allowing  formula  by  Herschel  may  be  used,  ^       =  mean  temperature 

ff  day.  If  the  hours  are  8  a.m.,  3  p.m.,  and  10  p.m.,  the  formula  is— 
it  +  W  +  m" 

■      24         =mean  of  day.     If  the  temperature  be  taken  twice  a  day 

t  homonymous  hours,  such  as  9  a.m.  and  9  p.m.,  the  mean  of  these  is 
practically  the  true  daily  mean. 

The  nearest  approach  to  the  mean  temperature  of  the  day  by  a  single 
hbservation  is  given  at  from  8  to  9  p.m.  ;  the  next  is  in  the  morning— about 
>  o'clock  in  July  and  10  in  December  and  January.  The  mean  monthly 
'Emperature  is  the  mean  of  the  daily  means  :  the  mean  annual  temperature 
i  the  mean  of  the  monthly  means. 

The  nearest  approach  to  the  mean  annual  temperature  is  given  by  the 
aean  of  the  month  of  October.  Observations  made  from  a  week  before  to  a 
ffeek  after  the  24th  April,  and  again  in  the  corresponding  weeks  of  October, 
\ive  a  certain  approximation  to  the  yearly  mean  temperature. 
_  The  changes  in  temperature  of  any  place,  during  the  day  or  year,  are 
tither  periodic  or  non-periodic.  The  former  are  dependent  on  day  and 
igght,  and  on  the  seasons,  i.e.,  on  the  position  of  the  place  with  respect  to 
lae  sun.  The  periodic  changes  are  sometimes  termed  fluctuations,  and  the 
tifferences  between  day  and  night  temperatures,  or  the  temperatures  of  the 
oottest  and  coldest  months,  are  often  called  the  ampUtudes  of  the  daily  or 
nearly  fluctuations. 

Daily  Periodic  Changes.— On  land,  the  temperature  of  the  air  is  usually 
fc  Its  lowest  about  3  o'clock  a.m.,  or  just  before  sunrise,  and  at  its  maximum 
Kbout  2  o clock  p.m.;  it  then  faUs  nearly  regularly  to  3  o'clock  a.m.  At 
■*a,  the  maximum  is  nearly  an  hour  later. 

The  amount  of  diurnal  periodic  change  is  greater  on  land  than  on  water: 
1  tiie  mterior  of  continents  than  by  the  seaside ;  in  elevated  districts  than 
.  sea-level.  As  far  as  land  is  concerned,  it  is  least  on  the  sea-coast  of 
•opical  islands,  as  at  Kingston  in  Jamaica,  Colombo  in  Ceylon,  Sinc^a- 
lore,  &c.  ° 

In  Sinde  and  Baluchistan,  and  throughout  the  dry  tract  to  the  west  of 
«e  Jumna,  the  daily  range  of  the  thermometer  is  greatest  in  October  and 
^  ovember  when  the  difi-erence  between  sunrise  and  afternoon  averages  not 
S!S      ?  sometimes  40°  F.   The  same  occurs  in  the  northern 

m  .  Bombay  m  the  earlier  months  of  the  year,  when  land  winds, 
rom  between  west  and  north-west,  blow  most  steadily.  In  the  north-west 
ZoTf  28°  to  32°  F.,  both  in  March  and  April.    These  varia- 

nons  take  place  daily,  and  with  much  regularity. 

M  -  Changes.— In  the  northern  hemisphere  the  coldest 

MP»r  i^/sualy  January;  in  some  parts  of  Canada  it  is  February.  On 
i«t  ti      '^oldest  month  is  commonly  March.    The  hottest  month  is  in 

wL?    Tl,     {^.''Ji^"'"  ^"'^  "^"S^^*^                           "e'^riy  always 

tt)tW  1.    .  i    of  ^""^^  ^^^^  country  are  about  the  21st  January  ;  the 

^  n  davr.V^'..^^''  1-"^^^  day  is  about ^hirty- 

'^  ^Sr  solstice  ''^^''^  ^^'^'^^^  ^^^^^ 
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It  is  thus  seen  that  both  for  the  diurnal  and  annual  alterations  of  heat 
the  greatest  heat  is  not  simultaneous  with,  but  is  after,  the  culmination  of 
the  sun ;  this  is  owing  to  the  slow  absorption  of  heat  by  the  earth. 

The  amplitude  of  the  yearly  fluctuation  is  greater  on  land  than  sea,  and 
is  augmented  by  land,  so  that  it  reaches  its  highest  point  in  the  interior  of 
great  extra-tropical  continents. 

It  increases  towards  the  pole  for  three  reasons,— 

1  The  geographical  fluctuation  of  the  earth's  position  causes  a  great 
yearly  difference  of  the  angle  with  which  the  sun's  rays  fall  on  the  earth. 

2  The  duration  of  incidence  of  the  sun's  rays  (i.e.,  the  number  of  hours 
of  sunshine  or  shade)  has  greater  yearly  differences  than  in  the  tropics. 

3.  In  the  northern  hemisphere  especially  there  is  a  very  great  extent  ot 
land,  which  increases  radiation.  ^     •   i  i  ;i 

The  amplitude  of  the  yearly  fluctuation  is  very  smaU  m  the  tropical  lands 
at  sea-level!  At  Singapore  it  is  only  3-6  F.  (Jan.  78  -8,  July  82  -4) 
while  it  is  immense  on  continents  near  the  pole.  At  Yakoutsk,  m  ^  ortk 
Asia  it  is  11 2° -5  F.  (January  -  44° -5  and  July -t- 68).  All  fluctuations 
depend  to  a  large  extent  upon  the  distance  from  the  sea,  although  local 
causes  may  have  some  influence,  such  as  the  vicinity  of  high  lands. 

In  any  place  there  may  be  great  undulations  and  small  fluctuations,  or 
areat  changes  in"  each  way.  At  Brussels,  the  greatest  possible  yearly 
undulation  is  90°  F.  In  some  parts  of  Canada  immense  undulations  some- 
times occur  in  a  day,  the  thermometer  ranging  even  50  to  lO  ^.  m  one  day. 

The  difference  between  the  highest  and  lowest  readings  recorded  at  Leh, 
which  is  the  most  northerly  and  driest  station  where  observations  are  re^ 
corded  in  India,  averages  94°  F.,  and  has  been  as  much  as  103  J^.  Un  tne 
plls  of  the  Punjab  it°yaries  from  80°  F.  (at  Mooltan  to  86°  F  at  Peshaw^ 
Ld  sometimes  reaches  92°  F.  At  the  hill  stations  ^V.^„7^^>-' J^^^ 
Murree  and  63°  F.  at  Simla :  at  Darjihng  it  is  only  4/  F.  At  Quetta  toe 
^erage  range  in  the  course  of  the  year  is  80°  F..  while  at  Jacobabad  the 
average  is  86°  F.,  and  the  greatest  89°  F.^  At  Bombay  it  averages  31  F., 
at  Madras  48°  F.,  and  at  Colombo  only  25  F.  .  n     •  „  w 

Temperature  of  the  Air  of  any  place—This  depends  on  the  foUowmg  j 

'"'"''fltUudV-The  nearer  the  equator  the  hotter  the  air.    For  231°  on  either  , 
side  tt  equator  he  sun's  rays  are  vertical  twice  in  the  year  and  are  never 
r^ore  oblique  than  47°.    The  mean  yearly  temperature  of  the  equator  is 

'""HJJ^^i^'^^i^  TFa.a..-The  sun's  -ys  passing  through 
the  a^;  w  th  but  trifling  loss  fall  on  land  or  on  water.  The  specific  heat  of 
W  bei^  '  only  one  quarter  that  of  water,  it  both  absorbs  heat  and  gives  xt 
lana  iDem   omy       4  ^^^^  ^^^^^^^  l^e^t  more  slowly, 

RO'  to  82"  F    and  that  of  the  air  is  generally  be  ow  (2   to  e^en  o  ;  j 
fluctuation.     The  kind  of  soil  has  a  great  effect  pn  absorption. 
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'H'^V  ^^aisher  s  balloon  ascents  in  a  cloudy  sky,  it  was  found  to  be  about 
t  F.  for  each  inch  of  barometric  fall,  at  first ;  but  when  the  barometer  had 
iallen  11  inches,  the  decline  of  temperature  was  more  rapid.  Under  a  dear 
sky,  there  was  a  faU  of  5°  F.  for  each  of  the  first  4  inches  of  descent :  then 
4  per  inch  till  the  thirteenth  inch  of  descent,  and  then  4° -5  for  fourteenth 
liiteenth,  and  sixteenth  inches  of  descent.  ' 

There  are  other  influencing  circumstances  of  local  importance,  the  chief 
Uemg  aspect  and  the  nature  of  the  soil  To  these  may  be  added  forests, 
.  hich,  in  hot  climates  especially,  greatly  moderate  the  heat,  by  shielding 
he  soil  from  the  sun's  rays,  and  by  evaporation  from  the  leaves 

Distribution  of  Temperature.-The  manner  in  which  heat  is  distributed 
^-er  the  globe  is  shown  by  maps  on  which  are  drawn  isothermal  lines,  or 
mes  connectmg  places  that  have  the  same  mean  temperatures  :  these  mean 
Muperatures  may  be  either  for  the  year  or  for  the  several  months.  The 
t        T  ,  mean  monthly  temperature,  shown  by  an  isothermal  line 
fi  n    .   ,  I'P-'  ^  extending  from  about  8°  W.  Ion-  in 

.orth  Central  Africa,  to  about  72=  E.  long,  in  the  Punjab,  forming  a  belt  of 
bout  18  m  width  ;  its  southern  limit  in  Africa  being  about  9°  N.  lat  iS 
lorthern  limit  reaches  nearly  35°  N.  lat.  ' 

The  hottest  places  on  the  earth  are— in  the  eastern  hemisphere  near  the 
ied  Sea  at  Massowah,  and  at  Kliartoum  (15°  N.  lat.),  and  oftheXle  in 
.ower  Nubia  ;  aimual  temperature  =  90-5  F.  :  in  the  western  hemisphere 
n  the  Continent  near  the  West  Indies,  the  mean  annual  tempe^atuiS 
;  «1  5  1^.  These  are  sometimes  called  the  climatic  poles  of  heat.  The 
jj^iest  readings  of  a  ^  verified  thermometer  in  India  have  been 

hv  25lh  ]8Sfi  ^T^'  '""i  ^^Jf^^r."'  122-2  F.  at  Jacobabad,  both  on 
'  Ir  l  ^^'^  ^'^^''^  (Yakoutsk  to  Usjausk, 

9°  FrKa^^^^^^^^^  The  lowest  reUngs  recorded' have 

pJn  1  "^y^  ^^fi^^  ft  Rensselaer  harbour  in  Greenland,  and-8r  F 
.\  Govochow  at  Wencliojausk  in  Siberia.  -t- 


SUNSHINE. 

4e^rnTn;iet^d^r(2^^  ^^^^^  Campbell: 

^  lupple-Casella  Universal  Sunshine 
•'corder;  (3)   the  Jordan  Photo- 
iphic  Recorder.    The  principle  of 
■  first  tM'o  of  these  instruments  is 
same,  the  second  being  really 
modification  of  the  first.  They 
'Hsist  mainly  of  a  glass  sphere,  so 
ounted  that  when  the  sun  shines 
rays  are  focussed  as  by  a  lens 
"^n  a  strip  of  cardboard,  with  the 
■J'llt  that  a  burnt  track  or  hole  is 
ft  tor  such  periods  of  time  as  the 
"1  shmes.     The  cardboard  is 
'ced  in  the  instrument  that 


'ite  sections  of  it  correspond 
I'lods  of  time  in  hours 


so 
de- 
to 


Fig.  122, 


Jordan's  instrument '(fig.  122)  is.  strictly  speaking,  rather  a  recorder  of 

3  c 
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sunlight  than  of  sunshme.  The  improved  pattern  consists  of  two  sem  - 
cylindrical  boxes,  one  to  hold  the  forenoon,  the  other  the  afternoon  record, 
and  on  the  inside  of  each  of  which  a  sheet  of  sensitive  cyanotype  paper 
£  Lef u  ly  placed  day  by  day.  A  sht,  through  which  he  beam  of  sunlight 
Lds  en  mnce,  is  placed  in  the  centre  of  the  rectangular  side  o  each  box, 
so  tir  the  length  of  the  beam  within  the  chamber  is  the  radius  of  the 
cylindrical  surface  on  which  it  is  projected.  The  path  o  the  sunbeam 
therefore  foUows  a  straight  line  on  the  sensitive  paper  at  all  seasons  The 
ttrument  m^^^  be  carefully  adjusted  to  the  meridian  and  to  the  latitude  of 
the  place,  and  must  be  firmly  fixed  "  (Moore). 


WIND. 

The  facts  to  be  observed  relating  to  winds  are  practicaUy  limited  to  those 
^^nnnpoted  with  direction,  force  or  pressure,  and  velocity. 

D^ir-^^^  a  ruk,  there  is  comparatively  little  trouble  m  obtaimng 
records  as  to  direction,  as'if  no  vane  is  convenient,  the  smoke  from  a  chim- 
ney  will  readily  give  the  information,  provided  of  course,  the  observer  has 

'  ^r:^:^^^^^^  of  tree.  buHdings,  or  any- 

^^^^^or^b^v^^^^^^^^^  tuM  t  recorded  to  the  neare.  pomt 

^^^^ riX^i 

¥hus  SppiTwe  re^^^^     16  points  of  the  compass  and  give  a  numerical 

va^ue  ofTto  each  observation  •  if  the  wind  be  due  N.,  we  f  ^^f 

Ihe  fuU  value  of  4 ;  if  the  reading  were  N.W.,  we  should  ^he 

Z:Zl^^^^  observation.    Suppose  we  ^ave  the  ^^o^^^ 

^■Ve\nt  Swi^g  ;ay.  Giving  to  each  observation  a  numerical 
value  of  4,  we 


get— 


S. 

S.E. 
E. 

S.S.E. 

N.W. 

W.N.W. 

N.E. 

E.N.E. 

Is. 

N.E. 


N. 


=  2 

=  1 

=  2 

=  1 

=  4 

=  2 


12 


S. 

4 
2 


E. 

• 

2 
4 
1 


2 
3 


14 


2 
3 


Then,  deducting  the  opposite  directions  from  each  other,  we  get 


N.  12 
S.  9 

Not  N.  3 


E.  14 
W.  5 

Net  E.  9 
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neai^r' t'tht'  ^'^'^^''^^^^^^^^  ^^^-E-  quarter  of  the  compass,  and 

neaier  than  I^.  Since  each  quarter  consists  of  90°,  the  precise  mean 
direction  IS  at  a  point  on  the  compass  f  of  90°  from  n  favour  of  E  or 
at  an  angle  of  67j°  from  I^.,  ^vhich  is  a  mean  direction  of  E  N  E  ' 

Pressure  and  Velocity:  Anemometers.  —  The  instruments  for  thp 
measurement  of  wind,  either  as  regards  pressure  or  veSrare  1^^^^^ 
anemometers.     The  earlier  forms  of  these  instruments  were  rectanS 
plates  hung  on  hinges  on  a  horizontal  axis.    The  ang^wS  tS  e  p!a  es 
made  with  the  vertical  indicated  the  wind's  pressure     In  another  kind 
thB  movements  of  the  plates,  resisted  by  either ^ings  or  weiS^^^^^^ 
pon  a  chart  by  means  of  a  connected  pencil  the  degree  and  amZt  of 
their  displacement.    In  another  form,  the  pressure  of  the  wind  is  merured 
y  malong  it  blow  into  the  mouth  of  an  open  tube  kept  facing  th^cSrent 

■coTurof  :jr''  the  degree  of  pLsure  fx  ;ted"pon 

I  column  of  water  or  mercury  m  an  U  tube.    The  later  and  better  formrrS 

er;7rii:t?r2f^et-ft^^^^^^^^^^^^^ 

aand  that  500  rotations  of  tri^^ind  a  e^'L  e  oZ^^^^^^  --d-motion, 
eevei^  to  the  allowance  for  friction  being  p  aced  pSbablv  tTo  Lb  '^'f,' 
amotion  being  nearer  two  than  three  times  ll^^^^^^^  ^.^ 
|;of  wmd  movement,  as  recorded  by  many  of  thie  instrame  J^^^^^ 
as  something  like  20  r>pp  na^i-        \J  ^      a  ,f  ^"^'^^'•^^lents  m  general  use, 
meed  to  b/ t.t^r        ^?   cent  too  high.    AU  anemometers  to  be  reliable 


Beaufort  Scale. 
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1 

2 

3 

4 

5 
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7 
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10 
11 
12 


Description  of  Wind. 

Calm 

Light  air 

Light  breeze 
Gentle  breeze 
Moderate  breeze 
Fz'esh  breeze 
Strong  breeze  . 
Moderate  gale 
Fresh  gale 
Strong  gale 
Whole  gale 
Storm 
Hurricane 


Velocity  in  miles 
per  hour 
3 

13 
18 
23 
28 
34 
40 
48 
66 
65 

75  . 
90 


•.emo^eten,,  Dines  XTa'r L  pZ^^fJiT  ^17*"^  °' 
~re  foot  from  the  recorded  velo  itr  "m  £  ,i  ?o„ro„      """'""^^  P"' 
I"'  ae  _  equals  one  two-huLredft  '(^^TZ  ^STTZ 
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velocity,  or  P  =  0-005  xV^.  According  to  tliis  formula,  a  wind  Llo^ving 
with  a  velocity  of  50  miles  an  hour  exercises  a  pressure  of  12J  IT;  on  the 
square  foot.  Unfortunately  for  the  value  of  this  formula,  the  factor  200  is 
nearly  as  doubtful  as  that  of  three  for  the  friction  ratio  of  Kobmsons 

'''''' DiSmai  Variation  of  Wind.— In  this  country  the  wind  has  an  average 
velocity  of  8  miles  an  hour,  and  rarely  exceeds  40;  but  its  direction  and 
force  are  subiect  to  certain  diurnal  variations.  As  a  rule,  at  mid-day  the 
wTnd  blows  from  sea  to  land,  and  from  plains  to  hills,  whUe  m  the  evening 
the  direction  will  be  reversed. 

In  all  parts  of  the  world  the  upper  air  currents  move  fastei  than  the 
lower  following  in  the  northern  hemisphere  a  direction  slightly  to  the  right, 
n  the  southern  to  the  left.    Now  during  the  day  the  heating  of  the  lower 
"r  strata  causes  them  to  ascend,  thereby  increasing  the  f-^tion  be^vee^^^^^^ 
upper  and  lower  currents,  and  proportionately  reducing  the  ^^ff^^^^^/ 
velocity     The  lower  current,  under  the  influence  of  the  upper,  is  deflected 
to  the  r  ght  in  the  northern  hemisphere,  to  the  left  in  the  southern,  and  has 
ts  speed^icreased  in  both  cases,  while  the  upper  under  tli^  -fluence  ot  tire 
lower  is  deflected  in  the  opposite  direction  with  diminution  of  velocity 
These  effects  are  naturally  mo?e  marked  the  greater  the  diurnal  hea  mg  of 
the  Ler  strata  relatively  to  the  upper,  and  the  greater  the  normal  angle 
bSwern  the  two  currents.'  For  these  reasons :  (1)  Near  the  equator,  and  over 
the  onen  sea  there  is  little  diurnal  variation  of  wind  either  in  direction  or 
p  ed^    (?)  bn  p  ains  and  similar  land  surfaces,  even  at  great  elevations  the 
wild  shifte  with  the  hands  of  the  clock,  and  attains  its  maxiimim  strength 
rfng  tife  afternoon,  backing  and  diminishing  again  at  nig^it  -  ^h-^^^^ 
hPTTii.T,here     The  changes  of  direction  are  reversed  m  the  southern  hemi 
spS  73)  On  mountain  peaks  the  wind  shifts  against  the  hands  of  th. 
cloZ  and  diminishes  in  strength  during  the  afternoon,  and  veer  and 
increases  again  at  night.    The  changes  m  direction  are  reversed  m  the 
southern  hemisphere. 

ATMOSPHERIC  ELECTRICITY. 

Even  in  fine  weather  the  atmosphere  is  charged  with  electricity. 

?nTto  be  ellctrified  when,  after  having  been  rubbed  or  placed  m  com- 

greatest  in  the  highest  and  mos  ^  ^^^^^^^  flat  liW  it  becomes 

only  found  at  a  certain  height  above  ^1^^  '  "'^^fi^'^  or  under 
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sometimes  negative,  according  to  the  electrified  condition  of  the  clouds.  In 
relation  to  the  atmosphere  the  earth's  surface  is  always  negative. 

The  electricity  of  the  atmosphere  is  stronger  in  winter  than  in  summer, 
increasing  from  June  to  January.  It  is  subject  to  a  double  maximum  and 
minimum  each  day.  The  first  maximum  occurs  from  7  to  8  a.m.  in  summer, 
and  from  10  a.m.  to  noon  in  winter;  it  then  falls  slightly  to  the  first 
minimum  between  5  and  6  p.m.  in  summer,  and  between  2  and  3  p.m.  in 
winter ;  it  rises  to  a  second  maximum  a  little  after  sunset,  and  then 
decreases  to  a  second  minimum  Avhich  occurs  about  daybreak.  These  varia- 
tions are  best  observed  in  clear  settled  weather. 

Sources  of  Atmospheric  Electricity. — The  cMef  of  these  are :  (l)Evapora- 
tion;  (2)  Vegetation;  (3)  Combustion;  (4)  Friction.  Electricity  is  produced 
when  impure  water  is  evaporating,  or  water  in  which  some  degree  of  chemical 
decomposition  takes  place,  none  whatever  being  produced  by  the  evaporation 
of  pure  water.  A-^apour  rising  from  water  containing  a  salt  or  an  alkali  is 
charged  with  positive  electricity,  while  the  water  retains  negative  electricity ; 
but  when  the  water  contains  acid,  negative  electricity  is  given  off,  and 
positive  is  left  behind.  Hence  it  is  supposed  that  seas,  lakes,  and  rivers  are 
abundant  sources  of  atmospheric  electricity,  especially  positive  electricity. 

The  vegetable  kingdom  is  also  a  source  of  electricity,  (1)  from  the  evapo- 
ration going  on,  and  (2)  from  the  giving  off  of  oxygen  and  carbonic  acid, 
which  are  charged  with  positive  electricity.  During  the  process  of  burning, 
bodies  give  off  positive  electricity,  and  become  themselves  negatively  electri- 
fied. This  frequently  occurs  during  volcanic  eruptions.  Wind,  by  the 
friction  it  produces  on  terrestrial  objects,  the  particles  of  dust,  and  the 
watery  particles  in  the  vesicular  state  Avhich  it  carries  Avith  it,  contributes 
to  the  electricity  of  the  air.  Electricity  is  not  generated  if  the  moisture  be 
in  the  form  of  pure  vapour. 

Atmospheric  electricity  may,  from  time  to  time,  reveal  its  presence  by 
very  unequivocal  phenomena,  of  which  the  chief  are :  (1)  Thunder  and 
Lightning ;  (2)  Hailstones ;  (3)  Aurora — the  aurora  borealis  being  peculiar 
to  the  northern  hemisphere,  and  the  aurora  australis  to  the  southern.  But 
apart  from  these  manifestations,  observations  may  be  made  upon  the 
electricity  existing  in  the  air  under  ordinary  circumstances,  so  as  to  deter- 
mine, firstly,  whether  it  is  positive  or  negative ;  secondly,  what  is  its 
intensity  or  tension. 

The  Electroscope  is  used  to  determine  the  nature  of  the  electricity 
present  in  the  aii\  The  Gold  Leaf  electroscope  is  one  of  the  simplest 
instruments  of  this  nature,  but  it  is  always  found  that  very  little  electricity 
can  be  observed  near  the  ground;  and,  in  order  to  obtain  satisfactory 
indications,  the  conductor  of  the  electroscope  should  be  brought  into  contact 
with  the  air  at  some  distance  from  the  earth's  surface  by  meant,  cf  a  collector 
(Scott). 

The  Electrometer  is  an  instrument  for  measuring  the  amount  of  electricity. 
There  are  two  kinds  designed  by  Sir  W.  Thomson,  namely,  the  Quadrant 
electrometer  for  observatories,  and  the  Portalile  electrometer.  The  quadrant 
electrometer  consists  of  a  needle  of  thin  sheet-aluminium,  cut  so  as  to 
resemble  in  form  a  figure  8  with  the  hoUoAvs  filled  in,  carrying  above  it  a 
small,  light  mirror  Aveighing  only  a  fraction  of  a  grain.  This  is  suspended 
from  its  centre  by  two  fine  silk  threads,  the  distance  between  Avhich  can  be 
varied  at  will.  The  needle  swings  horizontally  inside  a  shallow  cylindrical 
hox,  Avhich  is  cut  into  four  equal  segments  or  quadrants,  each  insulated 
separately  by  glass  supports,  but  connected  alternately  by  thin  Avires. 
Eacli  pair  of  quadrants  is  also  connected  to  a  stiff  Avire  passing  through  the 
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case  of  the  instrument,  to  form  the  two  electrodes  or  terminals  for  the 
attachment  of  the  collecting  and  earth  wires.  The  base  of  the  electrometer 
contains  a  Leyden  jar,  partially  filled  with  strong  sulphuric  acid,  and  a 
platinum  wire,  hung  from  the  lower  surface  of  the  needle,  is  made  to  dip 
into  the  acid.  A  lamp  and  a  divided  scale  are  placed  about  a  yard  m  front 
of  the  instrument,  and  the  light  shining  through  an  aperture  in  the  frame 
of  the  scale  is  reflected  by  the  mirror  on  the  scale,  where  the  position  of  the 
imacre  of  a  wire  stretched  across  the  hole  can  be  accurately  observed. 

In  order  to  use  this  electrometer  the  needle  must  be  charged  with  elec- 
tricity This  is  done  by  bringing  a  small  electrophorus,  which  has  been 
previously  well  rubbed,  into  contact  with  a  wire  dipping  into  the  sulphuric 
acid  at  the  bottom  of  the  Leyden  jar.  One  of  the  electrodes  connected  mth 
the  segments  is  then  joined  by  means  of  a  wire  to  the  water-dropping 
collector,  and  the  other  placed  in  communication  with  the  earth  through  a 
wire  attached  to  a  gas-pipe  or  similar  conductor.  The  needle  aviU  then  be 
deflected  towards  either  one  side  or  the  other,  according  as  the  electricity  ot 
the  atmosphere  is  of  the  nature  to  repel  or  attract  it,  and  the  extent  ot 
repulsion,  as  measured  by  the  scale,  is  proportional  to  the  amount  of  dif- 
ference between  the  potentials  of  the  atmospheric  and  terrestrial  electricities. 
The  scale  value  of  each  such  electrometer  should  be  experimentally  deter- 
mined by  means  of  a  galvanic  battery  of  constant  intensity,  such  as  DameU  s. 
Knowing  the  electro-motive  force  of  the  cell  employed  m  the  battery,  the 
indications  of  the  electrometer  scale  may  be  readUy  converted  mto  terms  of 
thrabsolute  unit  of  electro-motive  force  or  "volts"  (see  Scott's  InstrucUons 
in  the  use  of  Meteorological  Instruments).  j  -a  *■ 

Thunderstorms  are  classified  into  Cyclonic  Thunderstorms  and  Heat 
Thunderstorms.  The  former  belong  to  winter  and  to  insular  chmates,  the 
latter  to  summer  and  to  hot  cUmates.  Gydomo^  thunderstorms  are  so  called 
because  they  accompany  atmospheric  depressions,  such  as  traverse  the 
Atlantic  and  north-western  coasts  of  Europe,  especially  m  winter  While 
thesrcyclonic  thunderstorms  are  not  so  violent,  they  are  qui  e  as  dangerous 
as  tie  summer  thunderstorms,  because  in  them  the  clouds  drift  at  a  low  level, 
whereby  the  lightning  is  more  likely  to  strike  the  ground  (Moore) 

S  ^/mnrfer.^o™..-As  the  result  of  rapid  evaporation,  cWs  sur- 
charged with  positive  electricity  form  in  the  upper  air.  Subsequently,  m  the 
fower  strata  of  the  air,  negatively  electrified  cloud  strata  form  The  mter- 
acUon  0  these  cloud  masses  results  in  the  phenomena  of  a  thunderstorm. 
These  heat  thunderstorms  show  a  diurnal  and  even  an  annual  periodicity 
It  is  not  uncommon  to  find  them  breaking  over  the  same  line  of  country  on 
L  ecu  ive  days,  as  if  there  was  a  direct  electrical  attrac  ion  between  the 
eXof  certaki  localities  and  the  superincumbent  atmosphere  for  the  time 
■hpi-ncT  •  and  this  no  doubt  is  in  reality  the  case.  '    .  » 

SDeakinR  generally,  much  negative  electricity  in  the  air  forecasts  ram 
on  tll^B  ote  hand,  J' sudden  development  of  positive  electricity  in  wet 

^"^iZ^^S^^^om  the  generation  of  heat  along  th. 
frnf^rrLtric  discharcre  so  intense  as  to  render  the  various  constituents 
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lud  then  by  an  inrush  of  air  to  fill  up  the  vacuum  so  caused.  From  the 
late  at  which  soimd  travels,  if  thunder  be  not  keard  till  five  seconds  after 
the  flash  the  distance  is  about  a  mile.  Thunder  has  not  been  heard  at  a 
ureater  distance  than  15  miles  from  the  Lightning  flash. 

Sf  Elmo's  Fire  is  the  Castor  and  Pollux  of  the  ancients.  It  is  an  induc- 
t  ion  phenomenon,  occurring  when  an  electrified  cloud  approaches  a  prominent 
obstacle  hke  a  flagstafi",  the  mast  of  a  ship,  a  tree,  or  a  lightning  conductor. 
The  electricity  of  the  cloud  and  of  the  earth  combine,  not  in  a  flash  of 
lightning,  but  more  slowly  and  continuously,  so  that  a  flame  seems  to  rise 
from  the  projecting  body  (Moore). 

Hailstorms  are  modifications  of  the  thunderstorm,  and  seldom  occur 
during  the  night  or  in  winter,  but  are  most  frequent  in  summer  and  during 
the  hottest  part  of  the  day.  Hail  itself  is 'intimately  related  to  atmospheric 
electricity,  its  formation  requiring  (1)  an  excess  of  moisture,  (2)  a  tempera- 
ture below  freezing,  (3)  the  presence  of  electrified  clouds.  Typical  hailstorms 
are  nearly  always  associated  with  thunder  and  lightning,  the  hailstones 
lieing  kept  in  a  state  of  constant  oscillation  between  two  oppositely  electri- 
tied  clouds,  until  by  continued  condensation  they  grow  so  heavy  that  they 
fall  to  the  earth. 

Aurora. — This  is  an  electrical  phenomenon  rarely  seen  in  low  latitudes, 
consisting  of  a  luminous  appearance  in  the  northern  and  southern  skies, 
most  frequently  in  this  hemisphere  between  the  parallels  of  66°  and  75°. 
The  aurora  borealis  is  now  generally  considered  to  be  due  to  positive 
electricity  from  the  sea  between  the  tropics  being  carried  into  the  upper 
regions  of  the  air,  and  thence  wafted  to  the  poles  by  the  higher  aerial 
currents.  In  the  vicinity  of  the  poles  it  descends  towards  the  earth  and 
meets  the  terrestrial  negative  electricity  in  a  rarefied  atmosphere.  Luminous 
discharges  then  take  place,  being  possibly  increased  in  brightness  by  the 
presence  of  masses  of  ice-particles  in  the  atmosphere  (Marcet). 

OZONE. 

If  a  succession  of  electric  sparks  from  a  powerful  electric  machine  be 
[lassed  through  a  tube  of  oxygen,  a  peculiarly  pungent  odour  is  developed, 
due  to  the  production  of  a  body  to  which  the  name  of  ozone  has  been  given, 
from  the  Greek  o^w,  I  have  a  smell.  Only  a  small  proportion  of  oxygen 
can  be  converted  into  ozone  by  the  electric  discharge ;  but  a  constant  and 
considerable  diminution  of  volume  accompanies  the  change,  100  volumes  of 
oxygen  contracting  to  92  volumes.  Hence  ozone  must  be  denser  than 
oxygen. 

It  is  now  generally  considered  that  ozone  is  an  allotropic  condition  of 
oxygen,  and  that  its  formation  consists  in  the  condensation  of  another  atom 
of  oxygen  into  each  dyad  molecule  of  ordinary  oxygen.  So  that  the 
chemical  formula  for  free  oxygen  being  0^  that  for  ozone  is  Og,  and  the 
density  of  ozone  is  one-half  greater  than  that  of  oxygen.  Wlren  100 
volumes  of  oxygen  are  reduced  by  ozonisation  to  92,  8  volumes  of  oxygen 
combine  with  16  volumes  to  produce  16  volumes  of  ozone. 

The  chief  points  of  difference  between  ozone  and  ordinary  oxygen  are, 
(1)  it  possesses  a  curious  smell,  like  weak  chlorine,  whilst  oxygen  is  odour- 
less ;  (2)  it  destroys  vegetable  colours  ;  (3)  it  rapidly  oxidises  the  precious 
"  metals ;  (4)  it  liberates  iodine  from  iodide  of  potassium. 

Variations  in  the  amount  of  ozone  have  been  supposed  to  be  a  cause  of 
climatic  difference,  but,  in  spite  of  all  the .  labour  which  has  been  given  to 
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this  subject,  the  evidence  is  very  inconclusive.  The  reaction  with  the  ozone 
paper  is  liable  to  great  fallacies.  Yet  it  seems  clear  that  some  points  are 
made  out :  the  ozonic  reaction  is  greater  in  pure  than  impure  air ;  greater 
at  the  sea-side  than  in  the  interior  ;  greater  in  mountain  air  than  m  the 
plains  •  absent  in  the  centre  of  large  towns,  yet  present  m  the  suburbs ; 
absent  in  an  hospital  ward,  yet  present  in  the  air  outside.  In  this  country 
it  is  greater  with  south  and  west  winds ;  greater,  according  to  Moffat,  when 
the  mean  daily  temperature  and  the  dew-point  temperature  are  above  the 
mean  •  the  same  observer  found  it  in  increased  quantity  with  decreasing 
readings  of  the  barometer,  and  conversely  in  lessened  quantity  with  increas- 
ing readings.  ■  ■  r 

On  account  of  the  irritating  effect  of  ozone  when  rising  from  an 
electrode,  Schonbein  believed  it  had  the  power  of  causing  catarrh,  and 
inferred  that  epidemics  of  influenza  might  be  produced  by  it.  He  attempted 
to  adduce  evidence,  but  at  present  it  may  safely  be  said  that  there  is  no. 
proof  of  such  an  origin  of  epidemic  catarrhs. 

A  popular  opinion  is,  that  a  climate  in  which  there  is  much  ozone  {i.e 
of  the  substance  giving  the  reaction  with  potassium  iodide  and  starch  paper) 
is  a  healthy,  and,  to  use  a  common  phrase,  an  exciting  one.    The  comci- 
.  dence  of  excess  of  this  reaction  with  pure  air  lends  some  support  to  this, 
but  like  the  former  opinions,  it  still  wants  a  sufficient  experimental  basis. 

On  the  whole,  the  subject  of  the  presence  and  effects  of  ozone,  cui-ious 
and  interesting  as  it  is,  is  very  uncertain  at  present;  experinients  must  be 
numerous,  and  inferences  drawn  from  them  must  be  received  with  cautiom 

Determination  of  Ozone.— Papers  saturated  with  a  composition  of  iodide 
of  potassium  and  starch,  and  exposed  to  the  air,  are  supposed  to  indicate  the 
amount  of  ozone  present  in  the  atmosphere.  Schonbein,  the  discoverer  of 
ozone,  originaUy  prepared  such  papers,  and  gave  a  scale  by  which  the  depth 
of  blue  tint  was  estimated.  Subsequently,  similar  but  more  sensitive  papers 
were  prepared  by  Moffat,  and  Lowe  afterwards  improved  on  Moffat  s  papers, 
and  also  prepared  some  ozone  powders. 

The  papers  are  exposed  for  a  definite  time  to  the  air,  if  possible  mth  the 
exclusion  of  light,  and  the  alteration  of  colour  is  compared  with  a  scale. 

Srbein's  proportions  are  1  part  of  p...  iodide  of  Pot---,  10^^^^^^^^ 
starch  and  200  parts  of  water;  Lowe's  proportion  is  1  part  of  iodide  to  5 
of  sSch;  Moffat's  proportion  is  1  to  21.  The  starch  should  be  boiled  for 
ten  Snutes,  and  filtered  so  that  a  clear  solution  is  obtained  ;  the  lodid^^^^^^ 
dissolved  in  another  portion  of  water,  and  is  gradually  added.  Both  must 
be  nerfectlv  pure  ;  the  best  arrowroot  should  be  used  for  starch. 

The  pape?,  prq^ared  by  being  cut  into  slips  (so  as  to  dry  qmcker  and  to 

foe  t  dvaiSlwnto^  and  it  is  not  ""^.f, 

^"T'SfrttTSnubstances  beside  cone  act  o„  the  iodide  of 
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lotassium,  especially  nitrous  acid,  -wliicli  is  formed  in  some  quantity  during 
■lectrical  storms.  If  sucli  be  suspected,  in  order  to  be  quite  sure  that  it  is 
izone  only  which  has  turned  the  paper  hlne,  it  is  advisable  to  use  a  second 
est,  which  is  to  soak  red  litmus  paper  with  a  very  dilute  solution  of  the 
odide  of  potassium.  The  potassium  oxide  produced  causes  an  alkaline  re- 
iction,  and  turns  the  red  paper  to  blue. 

2.  The  fact  that  the  papers  can  scarcely  be  put  under  the  same  conditions 
rem  day  to  day ;  light,  wind,  humidity,  and  temperature  (by  expelling  the 
i-ee  iodine)  all  affect  the  reaction. 

Chemical  objections  have  also  been  made.  Supposing  that  iodine  is  set 
ree  by  ozone,  a  portion  of  it  is  at  once  changed  by  additional  ozone  into 
odozone,  which  is  extremely  volatile  at  ordinary  temperatures,  and  is  also 
•hanged  by  contact  with  water  into  free -iodine  and  iodic  acid.  Hence  a 
lortion  of  the  iodine  originally  set  free  never  acts  on  the  starch,  being 
ither  volatilised  or  oxidised.  Again,  the  iodine  and  caustic  potash  set  free 
ly  the  ozone  combine  in  part  again,  and  form  iodate  and  iodide  of  potassium 
Ith.  of  the  former  and  fths  of  the  latter),  and  in  this  way  the  blue  colour 
if  iodide  of  starch  first  produced  may  be  removed.  The  ozone  may  possibly 
ict  on  and  oxidise  the  starch  itself,  and  hence  another  error. 

CLOUDS. 

A  cloud  is  a  collection  of  particles  of  aqueous  vapour  condensed  into 
■atery  particles  and  floating  in  the  atmosphere  at  some  height  above  the 
-ound.    This  height  varies  from  a  ^e^v  hundred  feet  to  several  miles.  In 
lie  words  of  TyndaU,  the  minute  particles  of  water,  condensed  from  aqueous 
v  apour,  which  go  to  make  up  a  cloud,  may  be  aptly  called  "  water  dust." 

The  "  cloud  line,"  or  that  level  below  which  cloud  formations  seldom  or 
•lever  take  place,  varies  in  different  parts  of  the  world.    In  South  America 
■  is  about  9000  feet ;  in  the  Tyrol  it  falls  to  about  5000  feet ;  and  in  the 
aitish  Islands  it  is  as  low  as  2500  feet. 

Classification  of  Clouds. — The  following  is  the  cloud  classification  of 
llildebransson  and  Abercromby,  as  now  universally  accepted,  and  confirmed 
'\v  the  last  meeting  of  the  International  Meteorological  Committee  at 
f  'psala  in  Augiist  1894.  Those  marked  with  (a)  are  detached  or  rounded 
forms,  most  frequently  seen  in  dry  weather ;  those  marked  with  (6)  are 
\vide-spread  or  veil-like  forms,  most  frequent  in  wet  weather. 

A.  Highest  clouds,  mean  height  9000  metres. 

(a)  1.  Cirrus. 

(h)    2.  Cirro-stratus. 

B.  Clouds  of  mean  altitude,  3000-7000  metres. 

/  >.  ( 3.  Cirro-cumulus. 
^  '  (4^.  Alto-cumulus. 

(b)  5.  Alto-stratus. 

C.  Low  clouds,  below  2000  metres. 

(a)    6.  Strato-cumulus. 
(/;)    7.  Nimbus. 

D.  Clouds  formed  by  the  diurnal  ascending  currents. 

8.  Cumulus.    Top,  1800  metres;  base,  1400  metres. 

9.  Cumulo-nimbus.   Top,  3000-8000  metres ;  base,  1 400 

metres. 

E.  Elevated  fog,  below  1000  metres. 

10,  stratus. 
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The  following  is  the  description  of  the  above  ten  principal  forms  of  cloud, 
as  suggested  by  the  International  Committee  : — 

(1)  CiHRUS  (Ci.).— Isolated  feathery  clouds  of  fine  fibrous  texture, 
generally  of  a  white  colour.  Frequently  arranged  in  bands  which  spread, 
like  the  meridians  on  a  celestial  globe,  over  a  part  of  the  sky,  and  converge 
in  perspective  towards  one  or  two  opposite  points  of  the  horizon.  (In  the 
formation  of  such  bands,  the  two  following  forms  often  take  part.) 

(2)  Cirbo-Stratus  (Ci.  S.).— Fine  whitish  veil,  sometimes  quite  diffuse, 
giving  a  whitish  appearance  to  the  sky,  and  caUed  by  many  cirrus  haze, 
sometimes  of  more  or  less  distinct  structure,  exliibiting  confused  fibres 
The  veil  often  produces  halos  around  the  sun  and  moon. 

(3)  CiRRO-CuMULXJS  (Ci.  Cu.).— Fleecy  cloud.  Small  white  balls  and 
wisps  without  shadows,  or  with  very  faint  shadows,  which  are  arranged  m 
groups  and  often  in  rows.  ,  •  •  , 

(4)  Alto-Cumulus  (A.  Cu.).— Dense  fleecy  cloud.  Larger  whitish  or 
greyish  balls  with  shaded  portions,  grouped  in  flocks  or  rows,  frequently  so 
close  together  that  their  edges  meet.  The  different  balls  are  generaUy 
larger  and  more  compact  (passing  into  S.  Cu.)  towards  the  centre  of  the 
group,  and  more  delicate  and  wispy  (passing  into  Ci.  Cu.)  on  its  edges. 
They  are  very  frequently  arranged  in  stripes  in  one  or  two  directions. 

(5)  Alto-Stratus  (A.  S.).— Thick  veil  of  a  grey  or  bluish  colour  exhibit- 
ing in  the  vicinity  of  the  sun  and  moon  a  brighter  portion,  and  which, 
without  causing  halos,  may  produce  coronse.  This  form  shows  gradual 
transitions  to  cirro-stratus,  but,  according  to  the  measurements  made  at 
Upsala,  has  only  half  the  altitude.  ■,   i    i    j    i  ;„t. 

(6)  Strato-Cumulus  (S.  Cu.).— Large  balls  of  roUs  or  dark  cloud  which 
frequently  cover  the  whole  sky,  especially  in  winter,  and  give  it  at  times  a 
wave-like  appearance.  The  stratum  of  strato-cumulus  is  usuaUy  not  veiy 
thick,  and  blue  sky  often  appears  in  the  breaks  through  it.  Between  this 
form  and  the  alto-cumulus  all  possible  gradations  are  found  i Hey  are 
distinguished  from  nimbus  by  the  baU-like  or  roUed  form,  and  because  they 

do  not  tend  to  bring  rain.  ^  -,   ^  j-  i 

(7)  Nimbus  (N.).— Kain  clouds.  Dense  masses  of  dark  f ormless  c buds 
with  ragged  edges,  from  which  generally  continuous  ram  or  snow  is  ±ailmg. 
Throu-h  the  breaks  in  these  clouds  there  is  almost  always  seen  a  high  sheet 
of  cirro-stratus  or  alto-stratus.  If  the  mass  of  nimbus  is  torn  up  into 
smaUer  patches,  or  if  smaller  clouds  are  floating  very  much  below  a  great 
nTmbus,  the  former  may  be  called  Fracto-nimbus  ("Scud'  of  the  sailors) 

(8)  Cumulus  (Cu.).-Piled  clouds.  Thick  clouds  whose  summits 
domes  with  protuberances,  but  whose  bases  are  flat.  These  clouds  appear 
toTorm  in  a  diurnal  ascensional  movement  which  is  almost  always  apparen^^ 
When  the  cloud  is  opposite  the  sun,  the  surfaces  which  are  usually  seen  bj 
the  observer  are  more  brilliant  than  the  edges  of  the  Fotuberan  es  ^Ul^n 
the  iUumination  comes  from  the  side,  this  cloud  shows  ^  ^tiong  ac^u^ 
shadow  •  on  the  sunny  si.le  of  the  sky,  however,  it  appears  dark  witU 
SiRht  ed.es  The  true  cumulus  shows  a  sharp  border  above  and  below 
Itls  often  torn  by  strong  winds,  and  the  detached  parts  (Fracto- cumulus) 

^9)  rry;tr(Cu.  N.).-Thunder  clo.d   shower  cbiK^^^^^^^^^ 
massed  of  clouds,  rising  like  mountains,  towers,  or  anvils,  gene  a^^^^  ^^^^^^ 
at  the  top  by  a  veil  or  screen  of  fibrous  texture  "false  cirrus    -J^^^  below 

by  nimbus-fike  masses  of  cloud      l^^^./^^- J^^^^Kpp^  ^ 
showers  of  rain  or  snow,  and  sometimes  hail  or  sleet.    The  uppei  edges 
either  of  compact  cumulus-like  outline,  and  form  immense  summits,  sux 
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lunded  by  delicate  false  cirrus,  or  the  edges  themselves  are  drawn  out  like 
..rrus.  This  last  form  is  most  common  in  "  spring  squalls."  The  front  of 
.■iorm  clouds  of  great  extent  sometimes  shows  a  great  arch  stretching  across 
t  portion  of  the  sky,  which  is  uniformly  lighter  in  colour. 

(10)  Stratus  (S.). — Lifted  fog  in  a  horizontal  stratum.  When  this 
r;ratum  is  torn  by  the  wind  or  by  mountain  summits  into  irregular  frag- 
eients,  they  may  be  called  Fracto-stratus. 

Observation  of  Clouds. — As  the  whole  subject  of  our  knowledge  of 
o.ouds  is  at  present  in  a  somewhat  elementary  condition,  considerable  efforts 
iBve  been  made  to  obtain  comparable  and  international  observations  and 
pports.  To  attain  this  result  the  following  instructions  are  suggested  for 
dbserving  clouds,  so  that  at  each  observation  there  may  be  recorded : — 

(1)  The  Kind  of  Clotid,  designated  by  the  international  letters  of  the 
o.oud  name.  Those  having  access  to  the  Hildebransson-Kbppen-Neumayer 
t.tlas  of  cloud  forms  may  more  exactly  define  their  own  observations  by 
\iving  the  number  of  the  picture  of  the  Atlas  most  nearly  representing  the 
liserved  form. 

(2)  The  Direction  from  lohich  the  Clouds  come. — -If  the  observer  remains 
lumpletely  at  rest  during  a  few  seconds,  the  motion  of  the  clouds  may  be 
asily  observed  relatively  to  a  steeple  or  mast  erected  in  an  open  space.  If 
Qe  motion  of  the  cloud  is  very  slow,  the  head  must  be  supported.  Clouds 
iQOuld  be  observed  in  this  way  only  near  the  zenith,  for  if  they  are  too  far 
fwaj  from  it  the  perspective  may  cause  errors.  In  this  case  nephoscopes 
aould  be  used,  and  the  rules  foUowed  which  apply  to  the  particular 
astrument  employed. 

(3)  Radiant  Point  of  the  Upper  Clouds. — These  clouds  often  appear  in 
ae  form  of  fine  parallel  bands,  which,  by  an  effect  of  perspective,  seem  to 
Dme  from  one  point  of  the  horizon.  The  radiant  point  is  that  point  where 
QBse  bands,  or  their  direction  prolonged,  meet  the  horizon.  The  position  of 
iiis  point  on  the  horizon  should  be  recorded  in  the  same  way  as  the  wind 
rirection,  north,  north-north-east,  &c. 

(4)  Undulatorij  Clouds. — It  often  happens  that  the  clouds  show  regular, 
rarallel  and  equidistant  streaks,  like  the  waves  on  the  surface  of .  water. 
iHs  is  the  case  for  the  greater  part  of  the  cirro-cumulus,  strato-cumulus 
ivoll-cumulus),  &c.  It  is  important  to  note  the  direction  of  these  streaks, 
"yiien  there  are  apparently  two  distinct  systems,  as  is  to  be  seen  in  clouds 
pparated  into  balls  by  streaks  in  two  directions,  the  directions  of  the  two 
fstems  should  be  noted.  As  far  as  possible,  observations  should  be  made 
1  n  streaks  near  the  zenith,  to  avoid  eff'ects  of  perspective. 

(5)  Density  and  Position  of  Cirrus  Banks. — The  upper  clouds  frequently 
kike  the  form  of  felt  or  of  a  more  or  less  dense  veil,  Avhich,  rising  above  the 
'lorizon,  resembles  a  thin  white  or  greyish  bank.    As  this  cloud  form  has 

n  intimate  relation  to  barometric  depressions,  it  is  important  to  note  : — 
(a)  The  density — 

0  meaning  very  thin  and  irregular. 

1  meaning  thin  but  regular. 

2  meaning  rather  dense. 

3  meaning  dense. 

4  meaning  very  dense  and  of  dark  colour. 

{h)  The  direction  in  which  the  veil  or  bank  appears  densest. 

Eeraarks.~A\\  interesting  details  should  be  noted,  for  example  :—  . 
1     '1,9'^  summer  days  all  low  clouds  generally  assume  particular  forms 
isembhng  cumulus  more  or  less.    In  this  case,  tliere  should  be  put  under 
■emarks  "Stratus  or  Nimbus  Cumuliformis." 
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(2)  It  sometimes  happens  that  a  cumulus  has  a  mammillated  lower  surface, 
Tliis  appearance  should  be  described  by  the  name  of  "  Mammato-cumulus,"  ! 

(3)  It  should  always  be  noted  whether  the  clouds  appear  stationary,  oi; 
whether  they  have  a  very  great  velocity. 


HUMIDITY  OF  THE  AIR 

The  question  of  the  amount  of  moisture  in  the  air  is  somewhat  coni' 
plicated,  and  is  usually  spoken  of  as  the  degree  of  humidity.  Reference  hai 
been  made  elsewhere  to  the  fact  that  water  is  constantly  evaporating  mt(" 
the  air,  and  that  the  amount  of  water  or  moisture  which  the  air^can  hold  oi 
retain  is  constantly  varying  with  its  temperature.  Thus  at  32°  F.  a  culuc 
foot  of  dry  air  can  only  take  up  2-13  grains  of  water,  while  at  100°  F.  it  car 
take  up  as  much  as  19-84  grains.  When  air  is  so  full  of  moisture  that  it  car" 
contain  no  more,  it  is  said  to  be  saturated.  In  this  country  the  air  upor 
an  average  contains  about  three-fourths  of  the  amount  of  water  needed  t- 
saturate  it,  that  is,  it  has  an  humidity  of  about  75  per  cent. ;  but  if  the  a: 
containing  this  amount  of  moisture  be  cooled  down,  it  wiU  reach  a  temperi 
ture  at  which  that  same  amount  of  moisture  will  suffice  to  saturate  it,  and  i 
cooled  still  more  it  will  reach  a  temperature  insufficient  to  retain  thai 
moisture,  with  the  result  that  it  must  part  with  some  of  it,  the  amount  s( 
parted  with  being  precipitated  or  deposited  as  rain,  snow,  mist,  or  dew.  Fo: 
instance,  100  cubic  feet  of  air,  three  parts  saturated  with  moisture,  at  i 
temperature  of  70°  F.  would  hold  600  grains  of  water;  if  for  some  cause  o; 
other  the  temperature  of  that  100  cubic  feet  of  air  were  reduced  to  61  I<. 
that  volume  of  air  would  become  quite  satui-ated,  because  at  that  temperature 
it  could  only  hold  600  grains;  and  if  the  temperature  were  still  furthe: 
reduced,  say  to  56°  F.,  it  could  only  retain  500  grains  of  moisture  •  therefor 
the  difference  between  600  and  500  grains,  or  100  grains  of  water,  would  b 
released  or  deposited  as  mist,  dew,  or  ram. 

Mist  Fog  and  Dew.— Aitken  and  some  others  have  pointed  out  tlia] 
occasionally,  in  perfectly  pure  air,  a  pressure  of  vapour  may  be  mamtamer 
crreater  than  that  corresponding  to  the  temperature  of  saturation.  _  in  lad 
that  condensation  will  not  in  general  begin  unless  some  nucleus  is  presei 
to  which  the  particles  of  water  can  attach  themselves.    It  is  on  the  preseuo 
of  solid  particles  of  dust  in  the  air  that  the  formation  of  mists  and  m 
depends    the  precise  degree  of  mist  or  fog  depending  on  the  amount  o  du, 
present,  and  on  the  size  and  constitution  of  the  particles^  ,r^^  ^'Z.^t 
number  of  dust  particles  is  large  or  their  size  considerable,  and  the  quantit 
of  vapour  condensed  is  small,  we  get  the  phenomenon  o    a  town  oi  sc 
called  drv  fo^     The  condensation  of  water  upon  invisible  particles  s 
increases  their  size  as  to  make  them  visible.    Often  in  the  case  of  town  fog.< 
Zro^^::.ess  is  not  so  much  due  to  the  action  of  the 
on  the  particles  as  to  the  excessive  size  and  quantity  of  the 
selves.    What  are  known  as  sea  fogs  probably  occur  in  air  ^vhich  is  co. 
narativelv  dry,  because  the  dust  in  their  case  consist  largely  of  salt  giaii 
e  -ived  ta^^       or  surf,  and  which  have  a  great  affinity  for  moisture.  _ 
S    quantity  of  condensed 'inoisture  is  large,  ^^^r' t^f:^^^ 

solid  nuclei  small,  we  get  what  is  called  a  mis  ,  and  it  mere  a  ques  a 
of  the  degree  of  the  moisture  present  which  determines  wheie  the  mu 
ends  and  actual  rain  begins.  , 

The  formation  of  dew  is  precisely  analogous ;  m  this  case  the  so  id  su  ,| 
stance  on  which  the  moisture  is  precipitated  or  condensed  is  the  surface 
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ae  ground,  or  a^blade  of  grass,  and  not  solid  nuclei  like  soot  or  dust  floating 
>.jout  in  the  air,  as  in  the  formation  of  fogs.  Owing  to  the  rapidity  with 
hhich  the  earth,  under  certain  circumstances,  loses  heat  by  radiation,  as,  for 
-istance,  on  a  fine  clear  night,  the  strata  of  air  containing  moisture,  in. 
initact  with  the  cooling  earth,  themselves  become  reduced  so  much  in 
'.imperature  that  they  are  no  longer  able  to  retain  their  water  vapour,  but 
2tually  lose  it  by  condensation  upon  the  ground,  where  it  constitutes  what 
i-e  call  dew.  The  particular  temperature  at  which  air  saturated  or  loaded 
i-ith  moisture  deposits  its  water  is  called  the  dew-point. 

Hygrometers. — The  amount  of  moisture  present  in  the  air  is  determined 
,  y  means  of  instruments  called  hygrometers.  Observations  of  the  amount 
■  f  moisture  are  taken  in  a  direct  and  indirect  manner.  The  most  important 
instruments  for  direct  observation  are  Daniell's,  Dine's,  and  Kegnault's 
lygrometers.  The  principle  is  the  same  in  both,  namely,  to  cool  the  air 
■own  to  its  saturation  or  dew-point. 

Daniell's  Hygrometer. — This  consists  of  a  bent  tube  with  a  globe  at  each 
ind,  and  is  partly  fiUed  with  ether,  the  rest  of  the  space  in  the  tube  being 
llUed  with  the  ether  vapour,  all  the  air  having  been  expelled.  One  globe 
5  made  of  blackened  glass,  and  contains  a  thermometer,  while  the  other  is 
overed  with  muslin.  Before  using  the  instrument,  the  ether  is  made  to 
a/ass  into  the  blackened  globe  containing  the  thermometer,  while  the  muslin 
lurrounding  the  second  globe  is  moistened  with  ether.  This  ether  rapidly 
i  vaporates,  causing  a  condensation  of  some  of  the  ether  vapour  inside  the 
lube ;  this  in  its  turn  produces  an  evaporation  of  the  ether  in  the  blackened 
iiulb.  Now,  whenever  evaporation  occurs,  there  is  absorption  of  heat,  so 
hat  the  black  bulb  gradually  becomes  colder  and  colder,  and  the  moment  is 
^oon  reached  when  the  air  in  contact  with  it  begins  to  deposit  dew  on  its 
iiurface.  So  soon  as  this  happens,  the  temperature  shown  by  the  contained 
hermometer  is  read  off  and  recorded  as  the  dew-point. 

RegnauWs  Hygrometer  consists  of  a  glass  tube  silvered  at  the  bottom  and 
'or  a  portion  of  the  way  up.  The  tube  is  closed' with  a  cork  through  which 
Kwo  holes  are  bored ;  a  narrow  glass  tube  passing  to  the  bottom  of  the 
iiilvered  tube  is  introduced  through  one  of  the  holes,  and  a  thermometer  is 
nxed  in  the  other  so  that  the  bulb  reaches  nearly  to  the  bottom  of  the 
kilvered  tube.  There  is  a  tubulure  in  the  side  of  the  silvered  tube  which  is 
oionnected  to  an  aspirator.  The  silvered  tube  is  half  filled  with  ether. 
\When  the  aspirator  is  opened  air  bubbles  through  the  ether  and  causes  it  to 
volatilise,  and  by  so  doing  so  reduces  the  temperature  that  dew  is  deposited 
nn  the  outside  of  the  silvered  tube,  at  which  instant  the  temperature  of  the 
contained  thermometer  is  read  off  as  that  of  the  dew-point. 

Dine's  Hygrometer  consists  of  a  wooden  stand,  on  which  is  a  vessel  to 
contain  ice-cold  Avater ;  from  this  a  pipe  proceeds  along  the  wooden  stand 
linto  a  space  in  which  rests  the  bulb  of  a  thermometer.-  The  roof  or  cover- 
tiing  of  this  space  or  chamber  consists*  of  a  plate  of  polished  metal  or  of 
liblackened  glass.  By  means  of  a  tap  the  ice-cold  water  is  allowed  to  flow 
ninto  the  space  beneath  the  glass  or  metal  plate,  and  immediately  dew  is  seen 
"to  be  deposited  on  the  polished  surface  the  temperature  of  the  adjoining 
thermometer  is  read  off  as  that  of  the  dew-point. 

The  necessity  for  ether  in  Daniell's  and  Regnault's  instruments  renders 
them  costly  and  inconvenient,  especially  in  tropical  countries;  for  this 
reason,  Dine's  direct  hygrometer  is  in  general  use. 

Of  indirect  hygrometers  there  are  two  principal  kinds,  namely,  the  hair 
'  hygrometer  of  Saussure,  and  the  wet  and  dry  bulb  thermometer. 

Saussure's  Hygrometer  consists  of  a  human  hair  that  has  not  been 
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roughlv  liandled,  and  that  lias  been  freed  from  grease  by  digestion  in  ether 
or  liquor  potass^.  Such  a  hair  elongates  when  moist  and  contracts  when 
dry  It  is  fixed  at  one  end,  and  stretched  by  a  smaU  weight  at  the  other, 
the  connecting  cord  being  passed  round  a  pulley  to  which  is  attached  an 
arm  or  pointer  marking  on  a  scale.  This  scale  is  graduated  by  wetting  the 
hair  to  complete  saturation,  and  marking  the  point  100,  then  placing  it  over 
sulphuric  acid  and  marking  15°  of  saturation  ;  the  intervening  space  is 
then  marked  off  in  degrees,  indicating  degrees  of  relative  humidity  Ihis 
instrument  is  fairly  sensitive,  but  needs  frequent  comparison  and  verification 
with  a  more  precise  hygrometer.    Wolpert's  hygrometer  is  of  horsehair 

The  wet  and  dry  hulb  thermometer,  or  psychrometer  reaUy  consists  of  two 
ordinary  thermometers  mounted  on  a  frame  side  by  side  One  of  these  haj 
its  bulb  covered  with  muslin,  and  is  kept  constantly  moist  by  being  connected 
with  a  small  vessel  containing  distilled  water,  by  means  of  he  capiUary 
Tction  of  a  piece  of  cotton  wick,  which  has  been  previously  weU  freed  from 
Tv^Z  by  being  boiled  in  ether.  The  dry  bulb  gives  of  course,  the 
temperature  of  the  air,  while  the  wet  one,  in  consequence  of  tl-  e ^o^^^^^^^^ 
constantly  going  on  from  its  surface,  gives  a  lower  readmg.  The  difference 
between  the  tlo  temperatures  recorded  indicates  the  rapidity  with  winch 
evaporation  is  proceeding,  and,  moreover,  since  evaporation  is  faster  as  the 
T  is  drTer,  the  indication  of  the  degree  of  evaporation  is  a  measure  of 
?he  drynes  or  moistness  (otherwise  humidity  of  the  air.  If  the  be 
saturated  with  moisture,  of  course  no  evaporation  is  going  on,  and  the  two 
thermoraeters  will  record  the  same  temperature.  In  fros  y  weather,  fre- 
f^P  niuslin  covering  and  the  water  in  the  vessel  will  freeze,  with  the 

frozen  muslin  over  Avith  a  brush  dipped  m  cold  water  and  aUow  ^I  ib  o  freeze 
at  such  time  evaporation  will  be  going  on  from  the  ice-surface,  so  that  it  wiU 
be  enidvalent  to  ts  having  a  damp  but  unfrozen  bulb.    Occasional  y  in  t  ick 
W  ^diW  ^      damp^'cold  weather,  the  wet  bulb  may  read  higher  than 
\bP°latter  temperature  is  then  to  be  taken  as  that  of  saturation. 

Calciation  of  the  Dew-Point.-The  dew-point  has  abeady  been  ex- 
.l.ildt  being  that  temperature  at  which  the  air  is  saturated  with 
plained  as  being  i  p  temperature  causes  a  deposit  of 

moisture  ^°  ^^^^^^^^^^^^  determination  is  obvious  by  means  of  a 

hygrometer  and  tiie  d^^^^^^^^  an  empirical  formula,  which  is  thus  worked 
years,  Mr  Uiaishei  nas  aoauui^u.  ^  „^„u;,Ov  it  by  the  factor 

Take  the  difference  of  the  dry  and  wet  hulbs  and  ^^^^^^^^P^^  ^^^^^^^^^  ^.i^ie, 

Prom  tti.  formula  Glaisher's  tables  ar.  calculated. 
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Reading 
of  Dry-bulb 
±  ucrni. 

Factor. 

Reading 
of  Dry-bulb 
Therm. 

Factor. 

o 

iU 

8  •78 

o 

33 

3-01 

ii 

878 

34 

277 

Iz 

8"78 

35 

2-60 

io 

8*77 

36 

2-50 

14 

8"76 

37 

2-42 

1  0 

875 

38 

2-36 

lo 

870 

39 

2-32 

1/ 

0  o2 

40 

2-29 

1  Q 

lo 

8"50 

41 

2-26 

ly 

8  "34 

42 

2-23 

8"14 

43 

2-20 

Jl 

7 '88 

44 

2-18 

7'60 

45 

2-16 

7 '28 

46 

2-14 

94 

0  92 

47 

2-12 

D  53 

48 

2-10 

26 

6-08 

49 

2-08 

27 

5-61 

50 

2-06 

28 

5-12 

51 

2-04 

29 

4-63 

52 

2-02 

30 

4-15 

53 

2-00 

31 

3-60 

54 

1-98 

32 

3-32 

55 

1-96 

Keading 
of  Dry-bulb 
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56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 
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94 
92 
90 
89 
88 
•87 


1 
1 
1 
1 
1 
1 

1"86 

1-85 

1^83 

1-82 

1-81 

1^80 

1^79 

178 

177 

176 

1-75 

1-74 

173 

1^72 

171 
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1-69 
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81 
82 
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84 
85 
86 
87 
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90 
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97 
98 
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1-69 

1-68 

1-68 

1^67 

1-67 

1-66 

1^65 

1-65 

1^64 

1-64 

1-63 

1^63 

1-62 

r62 

1-61 

1^60 

1^60 

1-59 

1-59 

1-58 

1-58 

1-57 


(?>)  Apjohns  Formula.— Yxom  a  most   philosophical  and  exhaustivP 
analysis  of  the  conditions  of  this  comphcated 'problem,  Apjolm  derived  h^s 
celebrated  formula,  which  is  now  in  general  use.    EeducS  to  "ts  mo 
simple  expression,  it  is  thus  worked  :-A  table  of  the  elastic  tension  o 
FrorfV'^.Tw        ^'I'^^y       ^^ff-^^^^t  temperatures,  must  be  used 

mometers  and  p  the  observed  hei^iht  of  the  barometer  Apjo^J'X^^^^^^^ 

ScTu  ^^"nd^ltt*'  the  elastic  tension  of  the  dew-p^i^rwlS^Tw 
wui  cau/  ,  and,  this  being  known,  bv  looking  in  tlio  ill  • 

opposite  this  elastic  tension,%he  dew^poiL  tem^elture 
ine  formula  is  : — 

/"=/'- 0-01 147(^-0^::^ 
^     ^  30  • 

The  fraction  ^  differs  but  little  from  unity,  and  may  be  neglected ; 
'  the  formula  then  becomes,  for  the  temperature  above  32°  F., 

If  below  32°  the  formula  is  :  /"  =  /'  _  ('^  -  0 

96  • 

^  gitly'of  steamt-  vap^r^t^e  IS^TS'^l^i^^^-  t  f  ^ 
.  commonly  expressed  either  in  incl^Tr'nl^uttJ^t/ ^L^^^^^^^ 
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The  tension  e  of  aqueous  vapour  in  the  atmosphere  may  be  calculated  from 
the  indications  of  the  two  thermometers  by  means  of  the  foUowuig  empiri- 
cal formula  : —  , .  , 

e  =  e'- 0-00077  {t-t')xh, 

in  which  e'  is  the  maximum  tension  corresponding  to  the  temperature  of 
the  wet  bulb,  7i  is  the  barometric  reading  in  millimetres,  and  t  and  t  are 
the  respective  readings  of  the  dry  and  wet  bulb  thermometers  m  Centigrade 
decrees  To  express  inches  as  millimetres,  multiply  by  25-4.  The  tension 
or  "elastic  force  of  aqueous  vapour  is,  however,  more  conveniently  obtained 
by  direct  reference  to  the  following  table  : — 


Temp. 
Palir. 

Tension  In 
inches  of 
Mercury. 

Temp. 

o 

0 

0-044 

o 

24 

1 

0-046 

25 

2 

0-048 

ZD 

3 

0-050 

27 

4 

0-052 

28 

5 

0  054 

29 

6 

0-057 

30 

7 

0-060 

31 

8 

0-062 

32 

9 

0-065 

33 

10 

0-068 

34 

11 

0-071 

35 

12 

0-074 

36 

13 

0-078 

37 

14 

0-082 

38 

15 

0-086 

39 

16 

0-090 

40 

17 

0-094 

41 

18 

0-098 

42 

19 

0-103 

43 

20 

0-108 

44 

21 

0-113 

45 

22 

0-118 

46 

23 

0-123 

47 

Tension  in 
inches  of 
Mercury. 


0-129 

0-135 

0-141 

0-147 

0153 

0-160 

0-167 

0-174 

0-181 

0-188 

0-196 

0-204 

0-212 

0-220 

0-229 

0-238 

0-247 

0-257 

0-267 

0-277 

0-288 

0-299 

0-311 

0-323 


Temp. 
Fahr. 


48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 


Tension  in 
inches  of 
Mercury. 


0  335 

0-348 

0-361 

0-374 

0-388 

0-403 

0-418 

0-433 

0-449 

0-465 

0-482 

0-500 

9-518 

0-537 

0-556 

0-576 

0-596 

0-617 

0-639 

0-661 

0-684 

0-708 

0-733 

0-759 


1 

Temp. 
Fahr.  I 

i 
1 

Tension  in 
inches  of 
Mercury. 

O 

72 

0-785 

73 

0-812 

74 

0-840 

75 

0-868 

76 

0  0»/ 

77 

0-927 

78 

0-958 

79 

0-990 

80 

1-023 

81 

1-057 

82 

1-092 

83 

1-128 

84 

1-165 

85 

1-203 

86 

1-242 

87 

1-282 

88 

1-323 

89 

1-366 

90 

1-410 

91 

1-455 

92 

1-501 

93 

1-548 

94 

1-596 

95 

1-646 

The  tension  or  elastic  force  of  vapour  represents  the  pressure  of  all  the 
v^mur  in  the  air  above  the  place  of  observation.    It  is  greatest 
the  eatX  least  near  the  poles  ;  greater  over  the  ocean  than  over 
r  Hnd  Summer  than  in  winte^  by  d'ay  than  by  night,  and  at  sea-level 

nS^i^id^^^^^^^^^  to  expres. 

vn tive  drZss  0^  moisture.    Complete  saturation  being  assumed  to  be 

ro7rvZr  e  of  diyness  may  be  expressed  as  a  percentage  of  this,  and 

if^w  S  once  by  dividing  the  weight  of  vapour  actually  existing  by 
IS  obtained  at  once  by  m       .  ^^^^^  ^^^^^     ^^^^^^  ^^^^ 

the  J^P;^;  Jd  ,  ^  or  relative  humidity  (H) 

'  vte  expressed  as  tTie  ratio  of  the  elastic  force  of  aqueous  vapour  at  the 
SptLTSlhe  air  (E)  to  the  elastic  force  of  the  vapom-  at  the  tem 

peraiure  of  the  dew-point  (e) ;  that  is,  H  =  |  x  100. 

find  the  relative  humidity,  therefore,  we  require  to  know,  (1)  the 
actual  ttpeSture  ot  t^^^  air  ;  (2^he  dew-point ;  (3)  the  elastic  tension  of 


RELATIVE  HUMIDITY.  735 

sateaW  at  the  air  temperature,  also^md  to  thitilSt.     """"  """"^ 

ib;<.my«._Hedry-bulbtheraoniet«rp«.d>62-p   th.  »et  hnlh      F  .  .„  ■   j  .i 
rel.t,v.  humidity    Th,  d,„.poi„t=62  -  {(62  -  SeJ  x  I  8«U  t0--84  ' 

tension  of  vaEKinraotMlK.  print  tatW.,^^^  ?'       '  toW«  gives  the 

j.«.p.ia.  /o-8,,  to  j?.3r<;?  'F;oS^^e,?^or^o?\£^x«^^^^^^^^^^ 

^TTgg  X  100,  or  66  -9,  say  67  per  cent,  of  saturation. 

Relative  humidity  is  greatest  near  the  surface  of  the  earth  durintr  niahf 

SirprtfTraS^srtrLtr^^^^^^^^^ 

^^^^^^^^ 

oYreLiri^nt\t;SttT"itt^^^ 

aa  the  surpta  hea°t  ca"  Lo^S  bTlStZ  "o?  "Vr  '°  "^l 
Ae  same  time  the  natural  effort  of  the  system  to  r„r       "'  °' 

rra^&aihe?;rrrL£™^^ 
:re':LX^:rto-;s-j:!f^^^^^ 

general  discharge  of  mur  7  mT        ^  ^'"''^'''^  expectoration  and  the 

Sr5:itrs -tr-  tint  t'^£ 
hzS  5f SiS^^^^^ 

iO  to  <|i!  tl,.       1  0.7'-  ..i™'.     Calcutta,  the  relative  humiditv  beintr 
't  Bellari  tt  °"v, (<"' thermometers)  is  SO' 

Ce  t  ;,  ^,  ,  humidity  being  60  to  66,  the  insolation  is  s'  to  i  r  p' 

«n:;:i:!tS;ij;'StSJ,3;n<^^^^^  °j;-ations,  which  showTh"  the 


786 


METEOROLOGY. 


The  Weieht  of  Vapour  required  to  saturate  a  cubic  foot  of  air  at  varying 
p^enf  ik  any  given  volume  of  the  atmosphere.  ^  


Temp, 
rahr. 


Weight  in 
grains  of  a 
cubic  foot  of 
Vapour. 


Temp. 
Falir. 


Weiglit  in 
grains  of  a 
cubic  foot  of 
Vapour. 


0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


0-55 

0-57 

0-59 

0-62 

0-65 

0-68 

0-71 
0-74 
0-77 
0-80 
0-84 
0-88 
0-92 

0-  96 

1-  00 
1-04 
1-09 
1-14 
1-19 
1-24 
1'30 
1-36 
1-42 
1-48 
1-54 
1-61 


26 
27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


Temp. 
Fahv. 


Weight  in 
grains  of  a 
cubic  foot  of 
Vapour. 


1-68 
1-75 
1-82 
1-89 

1-  97 
2'05 

2-  13 
2-21 
2-30 
2-39 
2-48 
2-57 
2-66 
2-76 
2-86 

2-  97 

3-  08 
3-20 
3-32 
3-44 
3-56 
3-69 
3-82 

3-  96 

4-  10 


51 

52 

53 

54 

55 

66 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 


Temp. 
Fahr. 


4-24 
4-39 
4-55 
4-71 

4-  87 

5-  04 
5-21 
5-39 
5-58 
5-77 

5-  97 

6-  17 
6-38 
6-59 

6-  81 

7-  04 
7-27 
7-51 

7-  76 

8-  01 
8-27 
8-54 

8-  82 

9-  10 
9-39 


Weight  in 
grains  of  a 
cubic  foot  of 
Vapour. 


o 

76 

9-69 

77 

9-99 

78 

10-31 

79 

10-64 

80 

10-98 

81 

11-32 

82 

11-67 

83 

12-03 

84 

12-40 

85 

12/0 

86 

13-17 

87 

13-67 

88 

13-98 

89 

14-41 

90 

14-85 

91 

16-29 

92 

15-74 

93 

16-21 

94 

16-69 

95 

1  17-18 

96 

17-68 

97 

18-20 

98 

18-73 

99 

19-28 

100 

19-84 

or  4-04  grains.     The  diHerence  oew  temperature,  or 

.eq.ired  to_^^^^^^^^^^^^  ^^^r  of  theWer 

at  a  gi^  temj^"^- I 
be  determined  from  siniilar  ^^^^^^J  .  ?^i^5o';y3;,3^t.  of  moisture  at  60"  F 
weight  of  a  cubic  foot  of  Now  a  cubic  foot  of  moist  air  a 

^nd  29-92  inches  barometr  c  .  ,  foot  of  dry  air  a 

60"  F.  is  nothing  mace  tl-- J^^^^^^^^^^^  J/.L  the  tension  of  the  vapo" 
60°  F.  under  the  existing  1^^^^^^^^^  ^    o^,  at  that  temperature.  Th 

present,  and  2)  a  cubic  foot  ot  a^ueoi^s  vap  the  vapou 

tension  of  the  vapour  f  to  the  taL  on  page  784  shows  th" 

pressure  at  the  dew-pom  .  i,  and  the  relativ 

Sie  maximum  tension  of  ^^P^^^^f  ^6^^;,^  ^  '  our  pressure  at  the  de 
humidity  being  60  P^^  ^'^^"^'^ ^^^^  Te  aTrTs  0-518  x  0-6  ==  0-31  inch  - 
point,  or  actual  vapour  ten^c^n  m^^^  a^^^^^^^^^^^      ^^  ^^  .^^^^^  ^^^^^  ^ 
the  barometer  stands  at  mciieb, 
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supported  by  the  pressure  of  the  dry  air,  and  the  remaining  O'Sl  inch  bv 

^9'92TiifS«?'  ^  ^  ^^^^^  ''''  «f  dry  air°at  32°  F  and 

29  92  inches  is  566-85  grains;  and  remembering  that  (see  page  128)  density 
varies  inversely  as  absolute  temperature,  and  direc  ly  T  pressure  it  i^ 
obvious  that  the  weight  of  1  cubic  foot  of  dry  air  a't  60=Tand  29  61 
inches  will  be  566-85  x  29-61 

.       ^  29-92  >r(ri:(0-002036V(60^r32y)T  grains.  The 

huSitv  is  60  '        f  ^-^^  5-77  giains,  but  as  the  relative 

=  3  ^6  iains    ^rl  Ti^g^V.^^der  those  cfrcumstances  is  5-77  x  0-6 

moistuifaT60=  F  ITt  1  ^  'l^Vo"""'  containing  60  per  cent,  of 

wv,      will,  cneretore,  be  530-72  +  3-46  =  534-18  grains. 


EVAPORATION. 


the  fre^surface  of  w^  P^^^^      ^he  slow  production  of  vapour  from 

degree  of  hu^^^^^  The  amount  of  vapour  produced  depends  on  the 

deSee  of  raSt^^fl  \- m  contact  with  the  surface,  and  also  on  the 
Se  iLtrumSJ^^^  ^^^^  by  the  action  of  wind 

mte  c^  ST  f'So^^^^  "Y^^r  TT'^''^^^  called  "atometers,"  or 
sufficient  r  ehable  res^^^^^^^  invented  give 

the  surface  S  w^tLT.^^^^  ^  I  experiments  which  have  been  made 
not  applicanf  to^^e^^^™^^^  ^ 

surflce'  in'S  IX^L'sTf '  'T'  ^^^^  ^^^^'^  ^-^^  «f 

to  be  as  much  as  an  i^ch  in  ,1^  O^^an  it  has  been  estimated 

i  almost  incredible  amount    >S  I  iX^'^'  ^65  in  the  year,  an 

I       This  distillation  of^vatei  serv^^^^^^^^  ^^^^^^^^^  ^^^^ 

^ir  it  is  a  vast  motive  dowpI  f I  t  "'^^^  S'^^^*^  purposes.  Mixing  with  the 
being  1),  and  it  caules  rpnl  ^'^^^^^     ^^^^  lo^^  (0-6230,  air 

tWefort  much  S  er  and  asSf  ^^^^  i« 

1  also  causes  an  immeSe  tranSTp.  ^ff  '"P^^^^^^'  distillation 

evaporation  rend^rrktentTtp.t  ?r        *^°P^«^'  ^^^^^^  ^he 

hegion,  where  thj vapoui  fllL  ffr.!  '""T'^  extra-tropical 
t-teat.  The  evaporlTn  alt  ha  bT '  '""^  ^''^^jq^^^^  Parts  with  its  latent 
kean  currents  (Mau  y)  wWcWavTo'^P^^'f^  "  ^^^^^  ^^"^^  «f  the 

^of  winds,  moisture,  and  warmth.^  ^       ^P"'*^""^  ^  P"'*^  distribution 

RAINFALL. 
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becomes  cold,  producing  a  condensation  of  vapour.  A  hot,  moist  current  of 
air  mixing  with  a  colder  vapour  undergoes  cooling,  which  brings  about  a 
condensation  of  the  vapour.  "  When  the  individual  vapour-vesicles  become 
larger  and  heavier  by  the  constant  condensation  of  aqueous  vapour  and 
when  finally  individual  vesicles  unite,  they  form  regular  drops,  which  faU  as 

Of  the  more  immediate  causes  producing  rain,  winds  are  the  most 
important.    Winds  blowing  from  high  latitudes  to  low  ones  are  generally 
dry  those  moving  in  the  opposite  direction  are  generally  moist.  Winds 
blowing  off  shore  are  dry,  those  blowing  from  the  sea  are  damp.    For  these 
reasons  we  find  the  wettest  regions  of  the  globe  to  be  the  equatorial  belt  ot 
calms,  and  certain  localities  where  damp  winds  meet  mountain  ranges,  and 
are  there  suddenly  chilled.   The  greatest  rainfalls  known  are  on  the  Western 
Ghats  on  the  Malabar  coast  of  India,  as  at  Mahableshwar,  where  the  fail  is 
263  inches  yearly;  so  again  at  Cherrapunji,  in  the  Khasia  hills  to  the  north  ! 
of  the  Bay  of  Bengal,  the  rainfall  averages  600  inches  annually— m  l»bl 
it  was  as  much  as  805  inches.    Even  in  our  own  country  the  warm  moist  ; 
air  over  the  Gulf  Stream,  impinging  on  the  Cumberland  Hills,  causes,  m 
some  districts,  a  fall  of  80,  100,  150,  or  even  more  inches  m  the  year 
On  the  other  hand,  the  regions  with  least  rainfall  are  the  desert  tract 
reaching  from  the  Sahara  through  Arabia  and  Persia  to  Central  Asia,  the  r 
Kalahari  desert  in  South  Africa,  and  the  Great  Salt  Lake  region  in  North 

^""ThTkmount  of  rain  which  falls  varies,  of  course,  very  much  with  the  : 
place;  but  in  determining  the  average  fall  at  any  station,  it  is  necessary  to 
deal  with  observations  extending  over  long  periods 

The  following  table  gives  the  number  of  records  and  mean  rainfall  in 
ten-year  periods  from  1860  to  1889.  ; 


COUNTEIBS. 

No.  of 
Kecords. 

Mean 
1860-69. 

Mean 
1870-79. 

No.  ol 
Records. 

Mean 
1880-89. 

England  and  "Wales... 

104 
28 
4 

in. 
34-97 
39-30 
37-51 

in. 
35-94 
41-42 
38-54 

95 
42 
35 

34-23 
43-13 
38-93 

Mean  of  all  Stations... 

186 

35-93 

37-14 

172 

37-36 

(Symons.) 

On  the  east  coast  of  England  not  much  more  than  '20  inches  of  rain 
falls  in  a  vear  while  on  the  west  coasts  of  both  Scotland  and  Irelan 
flvera^erfr'om  60   to  80   inches ;  in  some  parts  o  Cumberland 

V,        ^fi^t  ^■nrhp<^  a  vcar  have  been  known  to  fail,     it  is  ver 
T^J^tr^r^t^^^         of         falls  anywhere  in  Grea^^  T 
one  day  though  occasionally  as  much  as  5  inches  have  ^een  ^n 
fall    For  furnishing  meteorological  returns,  a  minimum  record  of  0  01 

determined  by  a  rain-gauge. 


KAINFALL. 
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The  most  convenient  rain-gauge  for  practical  purposes  consists  of  a 
copper  or  japanned  tin  cylinder,  at  the  upper  end  of  which  is  fixed  a 

loof^^o™^  ^  '^'^'■P  ^'^Se  whose  diameter  is  accurately  known 

<fig.  123).    Some  6  inches  below  the 

Ting  the  cylinder  narrows  to  a  funnel, 

terminating  in  a  long  and  narrow  tube 

which  leads  to  a  metal  collecting  vessel. 

Very  often  the  lower  end  of  this  tube 

is  curled  upward  to  check  evaporation. 

In  this  country  a  rain-gauge  is  usually 
•circular,  with  a  diameter  of  either  5 

or  8  inches,  so  that  its  area  in  square 

inches  is  accurately  known.    The  rain, 

having  been  collected  in  the  receiver,' 
is  measured  in  a  graduated  glass  vessel, 
the  divisions  of  which  correspond  to 
hundredths  of  an  inch.    The  measur- 
ing vessel  is  divided  proportionately 
to  the  area  of  the  gauge,  the  diameter 
of  which  should  always  be  some  simple 
unit,  like  5  or  8  inches,  so  that,  if 
the  original  measure  get  broken,  a 
new  one  can  be  readily  improvised  and 
graduated.   Thus  take  an  8-inch  gauge, 
the  diameter  being  8  inches,  its  re- 
ceiving area  is  50-26  square  inches; 
therefore  1  inch  of  rainfall,  or  rain 

r\,W^-*^T  ""T  ^  Tri'^  ^         particular  rain-gauge  50-26 

cubic  inches  of  water,  or  29  fluid  ounces,  or  12,688  grains  of  wate?    It  is 

nch  Therefore  Tf^ufr^""'  "^'^l'^'  ^^^^""^^  ^-l^'half  an 
Sf7f>.  ^^'^  °^  6344  grains,  of  water  be  poured 

mto  the  proposed  measuring  glass,  and  the  vessel  be  marked  with  a  line 

0   rain  "fif^  "^^^  ^^P^^^^"*        graduation  of  0  5  i^cl 

of  ram,  fifty  subdivision  markings  are  similarly  made,  or  one  for  each 

Sd  0-5a       ''''''       S'"^""*^"^^  ^'^S  marked  "at  0-10,  0-20,  0-3o'  0  40; 

J?,!  ^^-^  ^  rain-gauge  is  on  the  ground  in  a  well  exposed  nosition 

DlaL  '       t""'  ^  ^'f  ^^^^^       '^''^^  rain-gaug     Sd  nC^  b^^ 

ava  aU''\h^snorn"''rl"^'  "  ^"^^--^^^  open  space  i 

SI  whZ\  which  a  rain-gauge  is  exposed  should  be  clear  of  aU 

shouM  1.  K  '1^*  l^Sr^^^^l  than  their  distance  from  the  gauge.  Rain 
te  lallv  du ri^  gl-^.  -  t^^-  i«  "ablAo  brlaL^ 

SSv  .  11  ^'''''^      ^""^        ^«  measured  by  thawing  the 

the  wiJ  Z      J     ,      •  O'"  of  the  funnel  hv 

»hich  hi  P'";.  "  "-Wde  cylinder  of  the 

''Here  it  l,es  level  and  of  an  uniform  depth.    The  solid  cylinder 
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or  section  of  snow,  thus  cut  out,  should  then  be  melted  and  the  resulting 
water  measured. 

All  observations  should  be  made  every  day  at  9  a.m.,  and  the  amount 
collected  entered  as  having  fallen  on  the  previous  day. 

Seasonal  and  Diurnal  Fall  of  Rain. — In  these  islands  and  on  the 
western  shores  of  Europe  the  winter  rainfall  exceeds  that  of  summer.  This 
is  mainly  due  to  the  prevalence  of  westerly  winds  laden  with  moisture,  and 
to  the  relative  coldness  of  the  highlands  and  coast-line  on  the  Atlantic 
sea-board.  In  the  middle  of  Europe  the  summer  rainfall  is  in  excess  of 
that  in  winter,  apparently  owing  to  the  heavy  rains  which  accompany 
summer  thunderstorms.  These  summer  rains  are  really  evaporation  rains 
which  fall  from  cumuli  formed  by  evaporation  and  their  ascent  above  the 
saturation  or  condensation  line.  The  seasonal  rains  of  India,  accompanying 
the  south-west  monsoon,  are  caused  by  the  condensation  of  the  vapour  in 
those  winds  blowing  in  from  over  the  Indian  Ocean,  condensing  against  the 
cold  highlands  of  the  Himalayas. 

The  diurnal  fall  of  rain  is  dependent  on  season.  As  a  rule,  in  winter 
more  rain  falls  by  night  than  by  day,  while  in  summer  the  reverse  is  the 
case ;  in  spring  and  autumn  there  is  not  much  diflference.  According  to 
Hellmann,  the  diurnal  variation  of  rainfall,  like  that  of  cloudiness,  can  be 
classified  according  to  a  number  of  typical  curves.  An  afternoon  maximum 
occurs  in  many  places,  especially  in  summer,  corresponding  to  the  hour  of 
maximum  frequency  of  thunderstorms ;  and  another  maximum  late  at  night 
or  in  the  very  early  hours  of  the  morning  is  connected  with  peculiarities  in 
the  diurnal  variations  of  pressure,  temperature,  and  even  wind.  This  latter 
maximum  is  more  or  less  characteristic  of  Western  Europe,  at  all  seasons, 
and  is  specially  marked  in  winter. 

ATMOSPHERIC  PRESSURE. 

We  have  already  seen  in  Chapter  II.  that  the  atmosphere  has  weight, 
and  by  virtue  of  that  weight  exercises  pressure.  The  instrument  used  for 
ascertaining  this  effect  is  called  the  barometer  (ySapos,  weight;  /xerpov,  a 
measure),  so  called  because  it  measures  the  weight  of  the  atmosphere  from 
the  height  of  a  column  of  mercury  or  other  liquid  supported  by  the 
pressure  of  the  atmosphere.  The  heights  of  the  columns  of  two  fluids  in 
equilibrium  are  inversely  as  their  specific  gravities;  and  since,  in  terms 
of  mercury  at  sea-level  in  this  country,  the  atmospheric  column  equals  that 
of  29-92  cubic  inches  of  mercury;  and  since  1  cubic  inch  of  mercury 
weighs  3426f  grains,  the  weight  of  29'92  cubic  inches  will  be  14-64  5>. 
Thus  the  pressure  of  the  atmosphere  generally  on  a  square  inch  of  the 
earth's  surface  is  14-64  lb.  The  pressure  of  the  atmosphere  is  not  expressed 
by  the  weight  of  the  mercury  sustained  by  that  pressure,  but  by  the  per- 
pendicular height  of  the  column.  Thus,  when  the  height  of  the  column  is 
29-92  inches,  we  do  not  say  that  the  atmospheric  pressure  is  14-64  tt)  on  the 
square  inch,  but  that  it  is  29*92  inches,  meaning  that  the  pressure  ^vill 
sustain  a  column  of  mercury  at  that  height.  In  this  country  and  America 
the  usual  measurement  is  by  inches,  tenths,  and  hundredths;  on  the 
Continent,  and  for  scientific  observations  everywhere,  the  metrical  system 
is  adopted  ;  the  standard  pressures  at  sea-level  being  taken  as  29-92  inches 
and  760  millimetres  respectively,  at  standard  temperatures  of  32°  F.  and 
0°  C. 

Barometers. — These  are  usually  either  mercurial,  glycerine,  water,  or 
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aneroid  barometers.  As  commonly  constructed,  the  mercurial  barometer 
consists  of  a  tube  of  glass  about  33  inches  long,  closed  at  one  end,  filled 
with  mercury  and  placed  vertically  with  the  open  end  dipping  into  a  cup 
containing  mercury,  called  the  cistern.  As  the  mercury  in  the  tube 
balances,  as  it  were,  the  pressure  of  the  air,  it  is  obvious  that  it  falls  with 
a  lessened  pressure,  but  rises  with  an  increased  pressure.  Since,  when  the 
mercury  column  falls,  some  mercury  flows  out  of  the  tube  into  the  cistern, 
and  Avhen  it  rises  out  of  the  cistern  into  the  tube,  the  level  of  the  mercury 
surface  in  the  cistern  varies  with  every  change  of  pressure;  and  some 
means  must  be  adopted  for  adjusting  either  the  zero  end  of  the  scale,  which 
marks  the  height  of  the  vertical  column,  to  the  mercury  surface  in  the 
cistern,  or  the  mercury  surface  to  the  zero  end  of  the  scale,  or  else  some 
proper  allowance  must  be  made  for  the  error  introduced  in  the  absence  of 
such  adjustment.  In  some  common  forms  of  barometer  the  scale  is  laid  oflT 
from  a  zero  at  some  fixed  point  in  the  cistern,  with  the  result  that,  except 
at  one  particular  point,  the  instrument  reads  wrongly,  because,  during  the 
changes  which  take  place  in  the  length  of  the  column,  the  level  of  the 
mercury  in  the  cistern  also  changes,  being  sometimes  higher  and  sometimes- 
lower  than  the  fixed  zero  point.  In  order  to  overcome  this  difficulty  and 
source  of  error,  various  expedients  have  been  resorted  to,  so  as  to  compensate 
for  the  ever  changing  level  of  the  mercury  in  the  cistern ;  thus  • — 

1.  By  a  so-called  capacity  correction  which,  duly  noted  and  recorded  on 
the  scale  by  the  maker,  states  the  ratio  of  the  interior  area  of  the  tube 
to  that  of  the  cistern ;  thus,  capacity         To  apply  this  correction,  there  is 
always  marked  on  the  scale  a  certain  height  of  the  column  which  is  correctly 
measured  by  the  scale.     This  exact  height  is  termed  the  neutral  point], 
when  the  mercury  sinks  below  this,  the  height  read  off  will  of  course  be  too' 
great,  because  the  level  of  the  mercury  in  the  cistern  will  have  risen  above 
the  zero  in  a  proportionate  amount ;  for  the  same  reason,  when  the  mercury 
rises  above  the  neutral  point,  the  reading  will  be  too  small,  because  the  level 
of  the  mercury  in  the  cistern  will  have  fallen  below  the  zero  of  the  scale 
The  capacity  correction  is  applied  by  taking  the  indicated  fractional  part 
of  the  difference  between  the  height  read  off  and  that  of  the  neutral  point, 
and  adding  or  subtracting  it  from  the  reading,  as  the  case  may  be.  Thus' 
suppose  m  the  case  of  a  barometer  marked  with  a  neutral  point,  and  with  a. 
capacity  correction  of  J^,  tlie  mercury  stands  1  inch  above  the  neutral 
point,  then  Jg-  of  the  difference  the  height  read  off  and  the  neutral  point, 
or,  in  this  case,  one-fiftieth  or  0-02  inch,  must  be  added  to  the  observed 
reading. 

_  2.  In  the  Kew  barometers  the  error  is  obviated  by  graduating  the  scale 
in  nominal  inches,  which  are  shorter  than  true  inches,  from  above  down- 
wards in  proportion  to  the  relative  size  of  the  diameter  of  the  tube  and 
cistern ;  the  highest  point  on  the  scale,  say  32  inches,  being  marked  off 
correctly  from  a  definite  point  on  the  cistern  side.  As  in  the  ordinary 
■K^ew  barometers  these  diameters  measure  about  0-26  and  1-25  inch 
respectively,  the  inches  of  the  scale  are  shdrtened  in  the  proportion  of  0-04 
inch  to  1  inch. 

3.  Another  device  is  to  do  away  with  the  cistern  altogether,  and  to 
employ  a  U-shaped  tube,  in  which  one  arm  is  shorter  than  another  and 
open  at  one  end.  Both  levels  are  read  upon  a  scale,  and  the  reading  of 
tne  barometer  is  the  difference  in  level  of  the  mercury  in  the  two  legs 
Anese  are  sometimes  caUed  siphon  barometers,  of  which  the  ordinary  wheel 
□arometer  is  a  common  type ;  in  this  latter  instrument  the  movements  of 
one  mercury  are  transmitted  from  a  float  on  the  mercury  in  the  open  tube 
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"by  means  of  a  string,  to  an  axis  which  carries  an  index  moving  over  a  dial  : 
plate  as  in  a  clock. 

4.  In  what  are  called  the  Fortin  barometers,  or  standard  barometers,  the 
necessity  for  capacity  correction,  or  either  of  the  other  above-named 
devices,  is  avoided  by  giving  the  cistern  a  pliable  base  of  leather,  and 
capable  of  being  raised  or  lowered  by  means  of  a  screw  a  (fig.  124).  The 
upper  part  of  the  cistern  is  made  of  glass,  through  which  the  zero  of  the 
scale  can  be  seen  as  a  piece  of  ivory,  whose  lower  extremity  is  called  the 
fiducial  point,  h.  Before  taking  a  reading,  the  level  of  the  mercury  m  the 
cistern  must  be  set  exactly  to  this  point,  by  raising  or  lowering  the  cistern 
base  by  means  of  the  screw ;  since  the  fiducial  point  is  the  tip  of  the  piece 
of  ivory,  and  accurately  corresponds,  as  a  fixed  point,  to  the  zero  of  the 
scale,  after  the  level  of  the  mercury  in  the  cistern  has 
once  been  carefully  adjusted  to  it,  it  is  obvious  that 
the  height  of  the  column  of  mercury  then  read  will  be 
an  accurate  measure  of  the  atmospheric  pressure. 

Although  in  the  majority  of  barometers  the  atmos- 
pheric pressure  is  measured  by  a  column  of  mercury 
because  of  its  high  specific  gravity,  still,  in  some 
others,  other  liquids  are  employed,  such  as  glycerine, 
which,  having  a  lower  specific  gravity,  is  much  more 
sensitive  to  variations  in  pressure.    The  specific  gravity 
or  density  of  mercury  is  13-59,  while  that  of  glycerine 
is  but  1-26;  the  atmosphere  we  know  can  support 
a  mercurial  column  29-92  inches  liigh ;  therefore,  it 
can  equally  support  a  glycerine  column  27  feet  high ; 
or,  in  other  words,  a  fall  of  1  inch  in  a  mercurial 
column  is  the  equivalent  of  a  fall  of  10-7  inches  m  a 
glycerine  instrument— the  latter,  in  consequence  of  its 
greater  range,  being  far  more  sensitive  as  an  indicator. 
The  advantage  of  the  glycerine  barometer  is  that  it  not 
only  magnifies  tenfold,  as  it  were,  the  readings  of  the 
mercurial  instrument,  but  the  medium  used,  while 
undiluted,  does  not  freeze  at  any  kno^vn  terrestrial 
temperature.    Jordan's  glycerine  barometer,  used  at  the 
Times  Office,  London,  consists  of  a  gas  tube,  five- 
eighths  of  an  inch  in  diameter  and  28  feet  m  height. 
As  glycerine  has  a  marked  affinity  for  water,  the 
glycerine  in  the  cistern  of  this  gigantic  barometer  is 
covered  with  a  layer  of  paraffin  oil.  •      i  •  v. 

Water  barometers  have  also  been  made,  m  which 
the  column  required  to  balance  the  atmosphere  is  34  feet.   Jl^^se  are 
obviously  very  sensitive,  but  unsuitable  for  general  use,  owing  to  the  high 
freezing  point  of  water,  and  the  liability  to  condensation  of  its  vapour.  _ 
In  CaTndar's  Compensating  Open-Scale  Barometer,  the  liquid  used  is 
sulDhuric  acid    The  readings  of  this  barometer  are  independent  of  the 
Z^^:ZZoi  the  instrume'nt,  and  give,  without  calculation  or  c^^^^^^^^ 
the  actual  pressure  of  the  atmosphere.    The  scale  is  nearly       times  as 
open  as  that  of  a  mercury  barometer,  so  tlia  the  ^^^^^^  ^^^^^^^^^ 
0-2  millimetre  in  the  length  of  the  mercury  column  can,  in  ^h^^  "^^^m^^^^ 
be  read  bv  the  eve  direct.    It  indicates  both  temperature  and  pressure,  the 
expansion  of  the^^^^^^^       sulphuric  acid  being  utilised  for  the  purposes  of 

^^&;S1S-cerine,  water,  and  sulphuric  acid  barometers, 


Fig.  124. 
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familiar  instruments  in  common  use  are  aneroid  barometers.    These  are 
small  air-tight  metallic  boxes,  from  which  the  air  has  been  exhausted, 
and  so   constructed  that  as   the  atmospheric  pressure  rises,   so  the 
metal  box  is  forced  in,  and,  helped  by  means  of  a  strong  spring,  bulges 
out  again  when  the  pressure  lessens.    By  an  arrangement  of  levers,  the 
movements  of  the  metal  are  made  to  turn  an  index  on  a  dial  face,  and 
are  so  exaggerated  that  the  motion  of  the  sides  of  the  box  to  an  extent 
of  32iT^ch  causes  the  index  to  move  through  3  inches  as  marked  on  the 
dial     ^^atkmshas  invented  an  ingenious  modification  of  the  aneroid,  by 
which  a  very  considerably  extended  scale  is  afforded  on  a  dial  of  some 
5  inches  ui  diameter.    The  pointer  is  drawn  inwards  towards  the  centre, 
with  diminished  pressure,  and  works  on  a  scale  engraved  in  spiral  fashion 
cominencing  with  31  inches  at  the  outer  margin  of  the  dial,  and  ending 
with  27  inches  near  the  centre;  thus,  an  inch  of  mercury  is  here  magnified 
to  about  8  inches  of  scale,  so  that  differences  of  level  of  15  or  20  feet  can 
be  plainly  distinguished,  and  the  variations  of  atmospheric  pressure  in  la! 
squall  of  wind  noted  easily  from  minute  to  minute.  ; 

Aneroids  are  very  sensitive  and  convenient,  but  liable  at  times  to  So 
hopelessly  wrong,  on  Avhich  account  they  need  to  be  periodically  checked 
against  a  standard  mercurial  barometer.  By  a  combination  of  a  series  of 
aneroid  vacuum  boxes,  the  movements  of  which  by  a  lever  are  multiplied 
and  recorded  upon  a  revolving  cyhnder,  so-called  recording  barometers  have 
been  made,  and  for  observatory  work  serve  a  useful  purpose,  but  are  not 
LsTriments'''''''  ^^^^  constantly  checked  against  standarc^i 

n.nrw'^^  of  Barometers. -The  cases  and  scales  of  all  good  barometers  are' 
Thl  f  coefficient  of  its  expansion  by  heat  is  well  known. 

These  instruments  should  be  hung  perfectly  vertical,  not  exposed  to  direct 

tm^^ftt  .^W'  '"'^^^"'^  the  temperature  at  the 

time  of  taking  the  barometrical  observation. 

fixP^iV^^'^'^f' barometers  there  are  in  reality  two  scales  :  a  principal  or 
faxed  scale,  and  a  secondary  or  small  movable  scale,  caUed  a  "vernier" 

scdel  oTwr^'f  f '?'r  ^  ''^^""S-    ^^^^  ^^^S  the  fixed 

a  e  1  Lf  \     ^  '^f  ?  ^'^^     ^'^^  ^^°h-    The  vernier  scale  is  so  gradu- 
en?ht  0^^^^^  ^'Tf  '^r''P<^^^  to  twenty-four  of  the  half- 

renth  or  0  05  inch  divisions  on  the  fixed  scale.    Consequentlv  each  division 
on  the  vernier  is  .Vth  less  than  a  half-tenth  divisiofr  the  fixed  Zle 
^  ^nd  the  vernier  exhibits  differences  of      of  0-05  inch,  or  "04  x  0^11 0  002 

<^temSraS;fo?  llf^V^  ^  barometer,  the  first  thing  to  do  is  to  note  the 

■  mS  np?f  1  .  i"«tr"°ient  by  means  of  the  usuaUy  attached  thermo- 
•be  nn  '     f'    •'^'^        ""^'"""^y      the  cistern  to  the  fiducial  point  if  it 

-dg^^Wwlt^tf^  ^^^^^^^^^^^     ''^"P^^^^        vernier  so  that'its  l'owe 
were  I  II  ^  '""^'-^^       mercurial  column,  forming  a  tangent,  as  it 

■  S'one  Sf  theXS  ^"""''T  mercur/coincide  exactly 

■verLr   bit  if  i?dn  ^rTJ""^  '^'"'^         ^^^^  the 

measurVt^p  ^      '°  coincide,  the  use  of  the  vernier  will  accurately 

To  do  th  s  w" rrt  fiir  ""'ir' "^^^         the s'Si 

mark.  1.1,7  the  vernier  scale  up,  until  we  find  one  of  its 

S^l'''^fy''^''^'Vondmg^yith  one  on  the  fixed  scale;  call  itTand  as 

Sanl  wirchX  mto  '''''  ^  ^  ^"^^^  inch  as  Sie  exa 

»iark  toTt  on  S!  "^".'^^"^y,'^^!^"  IS  over  and  above  the  next  lowest 
«  to  It  on  the  principal  scale.     Thus,  in  example  A  (fig.  125)  wo 
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find  that  the 
29-65  :  that 


top  of  the 
is  to  say, 


mercury  is 
neither  of 


just  above  29-60  inches,  but  below 
those  readings  give  the  absolutely 
correct  height  of  the  mercury.  Fol- 
lowing up  the  vernier,  we  find  that 
its  eighth  line  or  mark  is  the  first 
to  exactly  coincide  with  one  on  the 
principal  scale ;  therefore,  if  we  read 
that  as  meaning  eight  five  hundredths 
of  an  inch,  or  8  x  0-002  =  0-016  inch, 
or  the  exact  amount  by  which  the 
top  of  the  mercury  column  exceeds 
29*60  on  the  fixed  scale,  we  get,  by 
the  addition  of  these  two  numbers, 
29-616  inches  as  the  correct  reading 
of  this  particular  example.  In  the 
same  way,  example  B  reads  29-058 
inches. 

CorrectionsfortheBarometer. — 

The  reading  having  been  thus  accu- 
rately taken,  it  remains  to  apply 
certain  corrections;  these  are  (1^ 
for  capillarity,  (2)  index  error,  (3) 
for  temperature,  (4)  for  height  above 
sea-level.  The  first  two  corrections 
are  constant,  and  have  to  do  with 
the  actual  instrument.  Correction 
for  Capillarity  depends  on  the  size 
of  the  bore,  and  whether  the  mercury 
has  been  boiled  in  the  tube  or  not. 
Index  Error  is  determined  by  com- 
parison with  a  standard  instrument. 
The  capillarity  and  index  errors  are  usually  put  together.  The  capillarity 
error  is  always  additive ;  the  index  error  may  be  subtractive  or  additive, 
but  the  two  together  form  a  constant  quantity,  and  the  certificates  furnished 
by  the  Kew  Observatory  for  the  instruments  verified  there,  and  by  most  of 
the  makers,  include  both  corrections  above-mentioned.  Corrections  for 
Temperature. — The  error  due  to  temperature  is  one  which  aff"ects  not  only 
the  mercury  but  also  the  brass  of  the  scale,  and  in  extremes  of  heat  or  cold 
may  be  considerable  ;  this  explains  why  it  is  so  important  to  note  the 
temperature  before  taking  the  reading.  To  secure  uniformity  of  barometri 
records  all  nations  have  agreed  to  reduce  their  barometer  readings  to  wha 
they  would  have  been  had  both  the  mercury  and  brass  scale  been  at  32°  F., 
or  0°  C.  All  good  barometers  are  made  Avith  brass  scales,  and  for  thes 
the  necessary  temperature  corrections  are  given  in  the  following  table  : — 


Temp. 

27  inches. 

28  Inches. 

29  inches. 

30  inches. 

31  inches. 

30° 
40° 
50° 
60° 
70° 
80° 
90° 
100° 

-  0-004 
-0-028 
-0-052 
-0-076 
-0-100 
-0-124 
-0-148 
-0-172 

-0-004 
-0-029 
-0-054 
-0-079 
-0-104 
-0-129 
-0-153 
-0-178 

-0-004 
-0-030 
-0-056 
-  0-082 
-0108 
-0-133 
-0-159 
-0-184 

-0-004 
-0-031 
-0-068 
-0-085 
-0-111 
-0-138 
-0-164 
-0191 

-0-004 
-0-032 
-0-060 
-0-087 
-0-116 
-0-148 
-0-170 
-0-197 
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Schumacher  has  suggested  the  following  formula  for  temperature  correc- 
tion of  mercury  barometers  with  brass  scales,  and  from  which  the  above 
table  has  been  prepared  : — 

A.  =  observed  height  of  barometer  in  inches. 
t  =  teinperature  of  attached  thermometer  (F.). 
m=6xpansion  of  mercury  per  degree,  viz.,  O'OO.QIOOI  of  its  length  at  32°. 
s= linear  expansion  of  scale,  viz.,  0 •00001041  ;  normal  temperature  being  62°. 

j^m{t  -  32°) -s(t- 62") 
l+7/!.(i!-82°) 

Another  rule  is  as  follows : — As  mercury  expands  yVrff  bulk  for 

each  degree  F.,  (1)  multiply  the  number  of  degrees  above  32°  by  the 
observed  height,  and  divide  by  9990 :  subtract  this  quotient  from  the 
observed  height ;  or  (2)  multiply  the  number  of  degrees  below  32°  by 
the  observed  height,  and  divide  by  9990 :  add  this  to  the  observed 
height. 

Correction  for  Height  above  Sea-level. — As  the  mercury  falls  about  ysxts 
inch  for  every  foot  of  ascent,  this  amount  multiplied  by  the  number  of  feet 
ascended  must  be  added  to  the  reading,  if  the  place  be  above  sea-level. 
For  the  British  Isles,  the  mean  sea-level  at  Liverpool  has  been  selected  by 
the  Ordnance  Survey  as  their  datum.  In  places  which  are  below  sea-level, 
this  correction  will  necessarily  be  subtractive,  but  such  localities  are  few. 
If  great  accuracy  is  required,  two  disturbing  elements  must  be  taken  into 
account :  these  are,  the  temperature  of  the  air,  and  the  actual  air  pressure  at 
sea-level  at  the  time  of  observation.  For  correcting  for  small  altitudes  the 
preceding  table  is  modified  from  Scott's  Instructions  in  the  Use  of  Meteoro- 
logical Instruments. 

In  the  following  table  corrections  are  given  for  two  pressures  at  the  lower 
.  station,  namely,  30  and  27  inches.  For  intermediate  pressures,  the  correc- 
I    tion  may  be  obtained  by  proportional  parts.    For  heights  exceeding  those 


Barometer  at  Sea-level =30  inches. 


height 
In  feet. 

O'F. 

20°  F. 

40°  r. 

60°  F. 

80°  F. 

100°  F. 

0°F. 

20°  F. 

40°  F. 

60°  F. 

80°  F. 

100°  F. 

10 

•012 

-012 

•Oil 

•Oil 

•010 

•010 

•Oil 

•Oil 

•010 

•010 

-009 

•009 

SO 

■037 

•035 

•034 

•032 

•031 

•030 

•033 

•032 

•030 

•029 

-028 

•027 

50 

•061 

•059 

•056 

•054 

•052 

•050 

•056 

•053 

•051 

•049 

-047 

•045 

70 

•086 

•082 

•078 

-076 

•072 

•069 

•078 

-074 

-071 

-068 

•065 

•062 

■  100 

•123 

•117 

•112 

•108 

•103 

■099 

•111 

-106 

•101 

•097 

-093 

•089 

120 

•148 

•141 

•134 

•129 

•124 

-119 

•133 

-127 

-121 

-116 

-112 

•107 

150 

•185 

•176 

•168 

•162 

•155 

•149 

•166 

•158 

•152 

•146 

•139 

•134 

170 

•209 

•199 

•190 

•183 

•175 

•168 

•188 

•179 

•172 

•165 

•158 

•152 

.  200 

•246 

•234 

•224 

•215 

•206 

•198 

•221 

•211 

-202 

•194 

•186 

•178 

-  250 
300 
350 

1  400 

■  450 
500 

f  600 

Moo 
Wooo 

M260 

M600 

•307 

•293 

•280 

•269 

•258 

•248 

•276 

•263 

•252 

•242 

•232 

•223 

•368 

•351 

•336 

•322 

•309 

-297 

•331 

•316 

-302 

•290 

•278 

•267 

•429 

•409 

•392 

•376 

•360 

-346 

•386 

•368 

•352 

•338 

•324 

•312 

•489 

•467 

•447 

•429 

•411 

•395 

•440 

•420 

•402 

-386 

•370 

•356 

•550 

•625 

•503 

•482 

•462 

•444 

•495 

•472 

•452 

-433 

•416 

•400 

•610 

•583 

•558 

•535 

•513 

•493 

•549 

•524 

•502 

-481 

•462 

•444 

•731 

•698 

•668 

•640 

•615 

•591 

•658 

•628 

•601 

•576 

-553 

•532 

•970 

•927 

•887 

•850 

•817 

-786 

•873 

•834 

•798 

•765 

•735 

•707 

1-208 

1-154 

1-105 

1^059 

1^017 

-979 

1^087 

1^039 

•994 

•953 

•915 

•881 

1-502 

1-435 

1-374 

1-317 

1^266 

1-218 

1^352 

1-292 

1-237 

1-187 

1^140 

1^096 

1-794 

1-7U 

1-641 

1^574 

1-513 

1-456 

1^614 

1^543 

r477 

1^417 

1^362 

1^310 

Barometer  at  Sea-level =27  inches. 
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given  in  tlie  table,  the  value  at  the  sea-level,  of  a  barometer  reading  at  a 
station,  the  height  of  which  is  known,  may  be  calculated  from  the  following 
formula : — 

From  a  table  of  common  logarithms  the  natural  number  corresponding 
to  log  \  is  found  ;  or  ^,  =  n,  and.  h  =  rih'.    In  this  formula — 

h  and  A'='barometer  reduced  to  32°  F.  at  the  lower  and  upper  stations'respectively, 
t  and  i'  =  the  temperature  of  the  air  at  the  respective  stations,' 

/=  elevation  of  upper  station  in  feet,,  . 

Z= latitude  of  the  place.  _ 

The  above  formula  is  merely  an  inversion  of  the  well-known  formula 
given  by  Laplace,  in  his  Mecanique  Celeste,  for  finding  the  difference  of 
elevation  between  any  two  places  by  means  of  the  barometer,  which,  adapted 
to  Fahrenheit's  thermometer  and  English  feet  and  inches,  is — 

},/     <  +  i'-64\/  \/     /+52251  ,       X  \ 

/=60159  log;^,(^l  +  ^:g^j(^l  +  -00268  cos  2Zj(^l +to8M86i  +  iOi43I30> 
In  this  formula  /  is  the  difference  of  elevation  between  the  two  stations, 
and  X  is  the  height  of  the  lower  station  above  the  sea-level. 
In  the  last  factor  an  approximate  value  must  be  used  for  /. 
Measurement  of  Heights.— The  barometer  falls  when  heights  are 
ascended,  as  a  certain  weight  of  air  is  left  below  it.    The  dinunution  is 
not  uniform,  for  the  higher  the  ascent  the  less  weighty  the  air,  and  a  greater 
and  greater  height  must  be  ascended  to  depress  the  barometer  1  inch. 
This  is  iUustrated  by  the  following  table,  in  which  it  wiU  be  seen  that  to 
lower  from  31  inches  to  30,  857  feet  must  be  ascended,  while  to  lower 
from  21  to  20,  as  many  as  1276  feet  must  be  ascended. 

A  great  number  of  methods  and  rules  for  calculating  heights,  from  the 
difference  in  barometric  readings  of  any  two  places,  have  from  time  to  tin;e  I 
been  suggested ;  and,  by  means  of  aneroids,  are  not  difficult  to  carry  out. 
A  very  simple  rule  for  approximate  determinations  has  been  given  by 
Strachan  Read  the  aneroid  to  the  nearest  hundredth  of  an  inch ;  subtract 
the  upper  reading  from  the  lower,  leaving  out  or  neglecting  the  decimal 
point,  multiply  the  difference  by  9,  the  product  is  the  elevation  in  teet. 

Example.  Inches. 

.       .  30-25 

Lower  station,   29*02 

Upper  ,,   

123 
9 

.       .        1107  feet. 

Elevation,  

If  the  barometer  at  the  upper  station  is  below  26  inches,  or  the  tempera- 
ture above  70°,  the  multiplier  should  be  10. 
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Inches  of 
Barometer. 


31-0 
30-9 
•8 
•7 
•6 
•5 
•4 
•3 
•2 
•1 
30-0 
29-9 
•8 
•7 
•6 
•5 
•4 
•3 
•2 
•1 
29-0 
28 -9 
•8 
•7 
•6 


•3 
•2 
•1 
28-0 
27-9 


•5 
27-4 


Feet. 


0 
84 
169 
254 
339 
425 
511 
597 
683 
770 
857 
944 
1,032 
1,120 
1,208 
1,296 
1,385 
1,474 
1,563 
1,653 
1,743 
1,833 
1,924 
2,015 
2,106 
2,198 
2,290 
2,382 
2,475 
2,568 
2,661 
2,754 
2,848 
2,942 
3,037 
3,132 
3,227 


Inches  of 
Barometer. 


26- 
25- 


27-3 
•2 
•1 
27-0 
26-9 
•8 
•7 
•6 
•5 
•4 
•3 
■2 
•1 
•0 
•9 
•8 
•7 
•6 
•5 
•4 
•3 
•2 
•1 
25-0 
24-9 
•8 
•7 
•6 
•5 
•4 
•3 
•2 
•1 
24  0 
23-9 
•8 
23-7 


Feet. 


3,323 

3,419 

3,615 

3,612 

3,709 

3,806 

3,904 

4,002 

4,100 

4,199 

4,298 

4,398 

4,498 

4,588 

4,699 

4,800 

4,902 

5,004 

5,106 

5,209 

5,312 

5,415 

5,519 

5,623 

5,728 

5,833 

5,939 

e,045 

6,152 

6,259 

6,366 

6,474 

6,582 

6,691 

6,800 

6,910 

7,020 


Inches  of 
Barometer. 


23-6 
•5 
•4 
•3 
•2 
•1 
23  0 
22-9 
•8 
•7 
■6 
•5 
•4 
•3 
•2 
•1 
22-0 
21  -9 
•8 
•7 
•6 
•5 
•4 
■3 
•2 
•1 
21-0 
20-9 
•8 
•7 
•6 
•5 
•4 
•3 
•2 
•1 
20-0 


Feet. 


7,131 
7,242 
7,353 
7,465 
7,577 
7,690 
7,803 
7,917 
8,032 
8,147 
8,262 
8,378 
8,495 
8,612 
8,729 
8,847 
8,966 
9,085 
9,205 
9,325 
9,446 
9,567 
9,689 
9,811 
9,934 
10,058 
10,182 
10,307 
10,432 
10,558 
10,684 
10,812 
10,940 
11,069 
11,198 
11,328 
11,458 


Observations  of  this  kind  have  been  much  facilitated  by  the  introduction 
ot  aneroids  on  which  altitude  scales  are  graduated,  combined  with  aa 
adjustable  scale  for  temperature.  The  adjustment  for  the  temperature  of 
the  air  is  applied  by  shifting  the  scale  in  accordance  with  the  figures 
engi-aved  on  the  outside  of  the  instrument.    The  rim  which  holds  the  glasa 

W  1    l-fl    J  *°       ^'^^  the  locking-pin,  and  then 

turned  until  the  figures  corresponding  to  the  air  temperature  are  opposite. 
TO  the  pm,  when  the  glass  should  be  depressed  so  as  to  re-lock  it  The 
making  of  an  observation  is  simple.  First  determine,  either  by  observation 
tionJ  ™^.t^°."'  air  temperature  likely  to  prevail  during  the  observa- 
tions; it  this  IS  done  within  5  it  will  be  sufficiently  accurate.  The  scale 
must  then  be  set  to  this  temperature  in  the  manner  explained.  The 

feet^n!w\''^  Jr""^'      '^n^  P^"'"  ^^^^^^  ^^'^  o^t^i"  scale  of 

Sion.    tI   •^'''''''''']^^^.''^  ^^'^  difference  of  height  between  the  two 

aS  reneatp?'  """'T'^  T't^^  '''^^       ^^^^^  if  the  observations- 

are  repeated  more  than  once,  and  the  average  of  the  results  taken 
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Barometric  Fluctuations. — Atmospheric  pressure,  as  measured  by  the 
barometer,  is  subject  to  two  classes  of  variation;  the  one  is  regular,  the 
other  is  irregular.  The  regular  or  periodic  variations  are  diurnal  and 
annual,  while  the  irregular  or  non-periodic  variations  are  cyclonic  and 

anticyclonic.  i      •    •    i       j  /n\ 

Barometric  pressure  will  be  low:  (1)  When  the  air  is  heated.  (2) 
When  the  air  is  damp ;  because,  when  watery  vapour  mixes  with  dry  air, 
the  volume  of  the  latter  is  increased,  with  the  result  that  a  volume  of  air 
which  at  50°  F.,  when  dry,  measures  1  cubic  foot  and  weighs  546-8  grains, 
becomes,  when  saturated  with  moisture  at  the  same  temperature,  1-0121 
cubic  foot,  with  a  weight  of  550-9  grains ;  in  other  words,  1  cubic  foot  of 
the  saturated  air  weighs  but  544-3  grains  or  2-3  grains  lighter  than  it  did 
when  dry.  (3)  "When  the  air  from  any  cause  has  an  upward  movement, 
as  in  some  varieties  of  wind. 

Barometric  pressure  will  be  high:  (1)  When  the  air  is  very  cold,  and 
consequently  dense.  (2)  When  the  air  is  dry.  (3)  When  in  any  way  an 
upper  current  sets  in  towards  a  given  area,  thereby  compressing  the  strata 

beneath.  .  . 

Accordingly  we  find  an  area  of  low  pressure  in  winter  in  high  latitudes 
over  the  North  Atlantic  and  Pacific  Oceans,  where  the  temperature  is 
abnormally  high.  Conversely,  the  regions  of  highest  barometrical  readings 
are  situated  °over  the  continents,  in  high  latitudes,  and  in  localities 
characterised  by  abnormally  low  temperatures. 

Diurnal  variations  are  best  marked  in  the  tropics,  where  the  range  of 
pressure  often  exceeds  0-1  inch.  There  are  two  maxima  and  two  minima ; 
the  first  maximum  is  about  9  a.m.,  the  second  about  10  p.m.  Condensation 
of  the  air  after  a  cold  night  partly  accounts  for  the  forenoon  rise,  coupled 
with  rapid  evaporation,  and  consequently  increasing  tension  of  aqueous 
vapour  The  evening  maximum  is  partly  due  to  a  quick  fall  in  temperature 
causing  condensation,  and  possibly  also  to  a  saturated  state  of  the  air  after 
the  evaporation  of  the  day.  The  first  minimum  is  about  3  to  4  p.m.,  the 
second  at  4  A  m.  The  first  is  mainly  explained  by  the  heating  and  expansion 
of  the  air  at  the  hottest  part  of  the  day ;  the  second  is  probably  due  to 
desiccation  of  the  atmosphere  resulting  from  condensation  of,  and  with- 
drawal of  tension  of  aqueous  vapour  by  the  nightly  faU  of  temperature 

In  this  country  the  diurnal  range  is  less,  rarely  exceeding  0-Oi  inch,  but 
the  maxima  and  minima  occur  about  the  same  hours  as  m  the  tropics,  and 
are  orobably  dependent  upon  similar  causes  supplemented  by  constant 
shift  n-  of  the  wind.'  In  these  islands  the  barometer  falls  usuaUy  witli 
the  south-west  winds,  and  rises  with  the  north  and  east;  the  former  are 
moist  and  warm,  the  latter  dry  and  cold  winds. 

Annual  variations  in  atmospheric  pressure  are  on  a  far  larger  scale  than 
thP  dailv  ranches.     In  so  far  as  concerns  the  dry  air  of  the  atmosphere 
barometric  pressure  might  be  expected  to  be  least  in  the  summer  and 
'reXst  in  the  winter  of  each  hemisphere.    But  the  production  of  aqueous 
vapour  by  evaporation  being  most  active  in  summer  the  pressure  from  it. 
Won  will  be  increased  from  this  cause.    As  the  _  aqueous  vapour  i. 
transferred  to  the  colder  hemisphere,  it  is  condensed  into  ram,  and  being 
theX  withdrawn  from  the  atmosphere,  atmospheric  pressure  is  lessened  : 
Mt  the  dry  air  which  the  vapour  brmgs  with  it  from  the  warm  hemispher 
Remains,  th'us  tending  to  increase  the  1— ^^^h^^^^^^^^^^^ 
+hp  enuator  where  temperature  and  moisture  differ  little  in  the  course  o 
the  yrrrthe  v^^^  the  mean  pressure  from  mouth  to  month  is  small 

(Buchan). 
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In  Calcutta  the  average  pressure  in  July  is  29-538,  and  in  January 
30-022  inches,  thus  showing  a  difference  of  0-484  inch.  This  large  annual 
variation  is  caused  jointly  by  the  great  heat  in  July,  and  by  the  heavy  rains 
accompanying  the  south-west  monsoon ;  while  in  January  the  barometer  is 
high,  owing  to  the  north-east  monsoon,  by  which  the  dry,  cold,  dense  air 
of  the  continent  is  carried  southward  over  India. 

At  places  where  the  amount  of  vapour  in  the  air  varies  little  from  month 
to  month,  but  the  variations  of  temperature  are  great,  the  annual  variations 
of  pressure  are  very  striking.    Thus,  at  Irkutsk  in  Siberia  the  pressure  in 
July  is  28-192  inches  and  in  January  28-777  inches,  the  difference  bein^^ 
nearly  0-6  inch.    The  great  heat  of  Siberia  during  summer  causes  the  air  to 
expand  and  flow  away  in  all  directions,  and  the  diminished  pressure  is  not 
compensated  for  by  any  great  increase  of  aqueous  vapour  tension.    On  the 
other  hand,  the  great  cold  and  small  rainfall  of  that  region  during  winter 
cause  high  pressures  to  prevail  during  that  season.    The  same  peculiarities 
are  seen  though  m  a  modified  way,  at  Moscow,  St  Petersburg,  and  Vienna 
4'^  Orkney  Islands,  and  in  some  parts  of  this  country 
the  distribution  of  pressure  is  just  the  reverse  of  what  obtains  in  Siberia 
being  least  m  winter  and  greatest  in  summer.    The  low  winter  pressures 
are  due  to  the  comparatively  high  winter  temperatures  causing  an  outflow 
towards  adjoinmg  countries,  and  to  the  large  amount  of  moisture  in  the  air 
and  the  heavy  rainfall  which,  by  setting  free  the  latent  heat,  stiU  further 
augments  and  accelerates  the  outflow  by  the  upper  currents.    The  annual 
variation  of  pressure  in  the  United  Kingdom  is  most  variable,  but  the  maxi- 
mum readings  are  usuaUy  about  the  end  of  May  or  early  in  June  while  the 
mmima  are  at  the  end  of  October  or  early  in  November.  ' 

Those  irregular  variations  of  barometric  pressure  which  daily  montlilv 
and  yearly  occasion  changes  in^nd  and  weather  over  more  or  less  extensive 
areas  of  the  earth's  surface  are  broadly  divided  into  the  cyclonic  and  the 
anhcydomc  aooovding  as  to  whether  they  are  associated  with  bad  or  good 
weather.  In  former  years  the  value  of  the  barometric  reading  Tas 
necessarily  limited  to  the  particular  spot  at  which  it  was  noted  but 
recently  as  the  result  of  increased  faciHties  of  communication  between  one 
place  and  another,  it  is  possible  to  obtain  simultaneous  readings  of  the  baro 
meter  at  any  given  time  at  several  places  distributed  over^  ainde  area" 
Now,  If  these  are  recorded  on  a  map,  and  lines  be  drawn  between  and  cot 
nectmg  aU  places  where  the  same  pressure  prevails,  we  obtain  whTt  is  cabled 
^  synoptto  chart  made  up  of  lines  of  equal  barometric  pressure,  oTlobars  fs 
they  are  termed.  This  is  what  is  actually  done  in  all  the  c£  meteoro 
ogical  stations,  and  experience  has  shown  that  these  isobars  cZmoZ 
assume  certain  typical  forms  or  shapes,  which  are  again  usually  as^oSated 
with  certain  kinds  of  weather.  It  is  upon  these  d!ta  a^rfacts  tS  th« 
modern  methods  of  weather  forecasting  are  based 

Drirnnrvr/r  ^^'^^^^^^  ^^^th  of  an  inch,  and  tend  to  assume  two 
Sn7p  ?  '  """"-'^f^  '^"P"'  ^^g-  126).  If  they  enclose  an  areTof  bw 
the  ^'.^^         they  are  described  as  cyclones.    If  on 

the  contrary,  the  isobars  encircle  an  area  of  hicrh  nressure  thpvarr^./  -V  ^ 
as  anticyclones.    These  constitute  the  two  prTmSrty'es^^^^^^^^ 

he  nri7  "^T"  ^'^S  for  the  most  part  modificationl  of 

econ?r'^  ^F"''  ^^.^^"^^'^ted  with  either  one  or  other  of  them  tW  ar- 
secondary  cyclones,  V-shaped  depressions,  wedges  of  high  pressure'  onU  i 

Satr'r-    "^^^  ^'"^".^^  ^-bars  one  to  aTothC'  he 

IdZf  constitute  what  is  called  the  ''barometric  tSnt"^^ 

^nd  just  as  we  measure  and  express  a  railway  gradient  as  beingTTn  20  1 
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in  100,  and  so  on,  so  can  we  say  that  barometric  gradients  are  so  many 
thousandths  of  an  inch  in  fifteen  miles,  or  so  many  millimetres  in  one  degree 
of  the  meridian.  The  steepness  of  the  barometric  gradients  directly  governs 
the  velocity  of  the  Avind  over  any  particular  place,  the  wind's  velocity  being 
greatest  at  the  localities  of  steepest  gradient  and  vice  versa.  In  addition  to 
this,  if  the  wind's  direction  at  each  place  be  noted  on  a  synoptic  chart,  it  is 
found  to  be  nearly  parallel  to  the  trend  of  the  isobars,  and  tends  to  cross 
from  the  higher  to  the  lower  ones.  This  fact  has  found  expression  in  what 
is  known  as  Buys  Ballot's  law,  namely,  that  if  you  stand  with  your  hack  to 
the  loind,  tJie  loioest  pressure  lies  to  your  left  and  in  front. 

Cyclones. — An  area  of  low  pressure,  and  the  whole  system  connected  with 
it,  is  called  a  depression  or  cyclone,  and  in  America  "a  low."  As  seen  on 
a  synoptic  chart,  cyclones  are  circles  formed  by  concentric  isobars,  in  which 
the  outer  lines  mark  a  higher  pressure  than  the  inner  ones ;  they  constitute 
the  most  frequent  arrangement  of  isobars  in  these  latitudes.  They  usually 
travel  from  west  to  east,  at  the  rate  of  about  twenty  miles  an  hour,  and 

 X  i9-7 


/     '  ' 

— '    ,  ^  —  y 

eoreaoH  /  Second ir^^  V  


H-  c/epreao^  , 


Anticyc 

I  \  so  / 

Fig.  126. 

are  invariably  associated  with  bad  weather.    The  intensity  of  a  cyclone 
depends  less  upon  the  actual  pressure  or  height  of  the  barometer  than  upon 
the  fact  that  the  isobars  are  close  together,  and  that  the  system  is  deep  and 
moving  quickly.    The  forces  involved  are  due  to  the  gradients  or  differences 
of  pressure,  and  are  greater  the  steeper  the  gradients.    Hence  a  cyclone 
may  be  of  a  mild  type,  or  be  a  gale  or  hurricane,  according  as  to  whether 
the  gradients  are  gentle  or  steep.    If  we  analyse  the  weather  associated 
with  a  cyclonic  disturbance,  we  find  that  the  foremost  portion  of  a  cyclone 
area  is  always  marked  by  stratiform  clouds,  moist  heavy  atmosphere  and 
the  usual  signs  of  coming  rain,  such  as  a  pale  moon,  watery  sun,  dirty, 
crloomv  sky.    As  the  cyclone  advances,  a  drizzling  gradually  changes  into  a 
driving  rain,  accompanied  in  the  trough  or  situation  of  lowest  pressure  by 
sQualls  of  w  nd.    As  the  cyclone  area  shifts  its  position  or  moves  onward, 
trrl  moderates  into  showers,  followed  by  a  brighter  sky  with  cumulus 
clouds  and  a  sharp,  brisk  feeling  in  the  air.    If  we  study  he  barometer 
cEes  at  different  points  in  the  path  of  a  cyclone,  it  is  at  once  obvious 
£t  in  the  fore  part  of  the  area  of  depression  the  barometer  is  everywhere 
all  ng  'vhileTn  Uie  rear  part  it  is  everywhere  rising,  and  the  turning-pomt 
or  2  0  lowest  pressure  is  what  is  called  the  trough.    A  cycl-e 
Pomnared  to  a  cup-shaped  hollow,  the  isobars  being  simply  contour  hnes. 
Sxtent  or  area'of  a  cyclonic  disturbance  may  vary  from  ten  or  twenty 
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flfTfV^'''^"V^'^^^'''  ^^"^  ^t^a^tic  or  the  greater 

fnnl.  ?  K^^'^'^''  r  in  form!  theii 

longer  diameter  being  m  these  latitudes  in  a  direction  nearly  W.S  W  to 

"^T"*^.  dimensions  become  great 

mto  two,  three,  or  even  more  separate  centres  of  depression?    Lar-e  cyclones 

oTkl  dS-rf  "^'^'^'t  position  by  the°varktion 

Sfff!i  ^^fi^pt|^g/ojc«  due  to  the  rotation  of  the  earth,  aid  arisinc.  from 
diflference  of  latitude.    As  a  rule,  the  higher  the  latitude,  the  SeatS  S 

nddrX'ltl'^''"";-  are'usralfy't  k^^ 

and  circular.    It  is  important,  however,  not  to  confouiid  small  cvclone^ 
with  either  waterspouts  or  tornadoes,  which  are  too  smaU  to  be^much 
mfluenced  by  the  rotation  of  the  earth,  besides  which  they  are  sSck 
phenomena  of  a  distinct  nature.     The  direction  of  the  wind  is  Tn  aU 

plZint Te ^arr^^^  ^  described  as  bCi^ 

spirally  into  the  area  of  low  pressure  towards  the  centre,  and  from  the 

cen  ral  area  in  an  upward  direction.    The  particular  angk  aFwhTch  the 

m curving  of  the  wind  takes  place  in  a  cyclone  depends  on  the  frtt  ^n 

thlTe^t  r^hTfrTctLT  Th'  ^^^^  ^g  smaUer 

dire^p  I:  ^^dTnd  tl^eloCsl^l^^^^^^^^^^ 

inland  s^tions,  thus  showing  distinctly  the  inc;S\t  7 'f  Trt  i  n  on 
land     It  has  already  been  stated  that  cyclones  in  these  latitudes  for  the 

-toms  and  leaLr  seldom  or  neL  on'inate  w^hi^  fiv^r"''  "^tr 

cSe.  iX'iiLXL  rs%''^"-r  'zinr;^:^' 

follow  p  imarrcyclones  aS  i""  T'  ^isy  frequently 

alia  ,  ^^^^^^  bad  weather  „  usually  associated  with 

We  in'^fe  f  ""S^"'!"'  «  ™» 'ho  lowest  pres- 

a  cvclone     T>,Lr  "P''^  ,^^^^0  loim  of  cyclone,  or  even  may  form  nart 

-^•ojeSgToml  cTclon"  '"^^'^'^  oJ  depTesS 

'he  point  OP  s  tuated  to  one  side;  in  the  northern  hetaisDhem 

'roa  west  to  nLfif     f     '  ^'"S  from  south  to  south-west  in  front  nnd 

i.^- .Usually -4  tjrr^rsirzi-t^^^^^^^ 

3  E 
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position  of  all  the  places  at  which  the  barometer,  having  f^^^«^J^°^^ 
less,  has  just  turned  to  rise.    The  weather  experienced  by  an  observer  over 

..horn  one  of  these  areas  of  depression  drifts  V^^'^^^,^^^'^? ^^.n  ^^^^^^^^^ 
on  rain  with  a  falling  barometer  and  south-west  wind,  then  a  squa  i 
durinTwMch  the  wind  jumps  round  to  north-west,  ^ollo.ye^^j  .v^^^^^ 
clearing  skv  and  a  rising  barometer.    Not  only  secondary  cyclones  but 
tsl  ap'ed  d'^^^^^^^       are°in  general  -ost  ^ ef/^/-  ^^^^^^^^ 
and  their  occurrence  is  consequently  very  difficult  to  foreteU 
raniditv  with  which  they  travel  at  times,  and  the  violence  of  the  ^^d  and 

FntUoped  within  tLm,  render  them  a  source  of  ^-t  f  ^^^^^^^^ 
life  and  property.    The  peculiar  thunderstorms  of  Central  Europe  ana 
America  ?re  neariy  always  associated  with  V-shaped  depr^^^^ 

Anticyclones.-These  are  areas  of  high  pressure 
circular  isobars,  with  the  highest  pressure  m  the  .^W  ^^^^^^^  from 

all  other  arrangements  of  isobars  in  tending  to  f        .^^^Ji'f  ^5  .^^^^^^^ 
to  extend  over  large  areas.    The  air  is  calm  and  cold  m  the  centre,  ^hiie 


Cyclone 


Anticyclone 


Fig.  127. 


south-east,  and  on  tHe  nortn  num.  uxi  system  Avas  an 

system  it  was  explained  ^ow  th^W  ^^^^  ^  X--^^^  ^^"'^f 
ascending  current  3  that  ^  ,  .  ' 'n  X  resnects  the  opposite  of  a  cyclone, 
descending  current  m  what  ^^^^^^^f.  Jf^  VLu^^^^^^       the  air  in  this  is, 
namely,  the  anticyclone.    The  ^^^^^^^'^^  .  the  same 

therefore,  exactly  the  reverse  of  that  in  ^  eye  one  ^^^^^ 
direction  as  the  hands  o   the  dock  ^^^^^^^ ^^^Z^ ,,,,  centre  at  the 
at  or  near  the  surface  of  the  earth  and  ™a  ^^^^ 
level  of  the  highest  clouds    In  ^^'J^^ J^^A^^^^  ;  the  solid  arro^ 
and  surface  currents  in  both  a  cycloi  e  f  i*'^,!^^^^^^^^^^^^^  by  the  dotted 

denote  the  surface  winds,  -^'^f^^'^f^^^Z^^'^^^^^  and 
arrows.    In  anticyclonic  systems  the  baxometric  accidental  o 

the  normal  wind  circulation  usually  disturbed  exac 
local  causes     The  general  wea^^^^^^^^^  by  dry, 

opposite  of  cyclonic  conditions,  '^''^foUo^     by  cool  nights.- 
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warm  and  often  cloudy.  Sea  fogs  are  prevalent  when  the  calm-centre 
^  overlies  the  sea ;  and  m  most  cases  much  haze  obscures  the  horizon  In 
winter,  however,  dense  fogs  sometimes  accompany  the  calms  of  an  anti- 
cyclone, and  in  parts  of  its  periphery  the  sky  may  be  densely  clouded.  If 
ram  should  fall,  it  is  usuaUy  drizzling,  not  heavy."  During  winter,  intense 
cold  prevails  in  the  centre  and  in  the  south-east  and  south-west  quadrants 
ot  tHe  area ;  m  the  north-east  and  north-west  quadrants,  at  least  in  Western 
Em-ope,  conditions  are  milder.  Certain  regions  of  the  globe  are  remark- 
able for  the  existence  of  permanent  and  recurrent  anticyclone  systems. 

fir«  Af\'\?''°'!?'^''?  ^'S^  P'^''"^«         l^<^itude  30°  north,  called 

the  Atlantic  anticyclone,  which  varies  in  extent  from  month  to  month 
attaimng  its  greatest  intensity  in  summer  and  least  in  winter.  Another 
permanent  area  is  that  over  the  large  land  surface  of  Asia  and  Eastern 
Jiurope,  m  which  the  pressure  is  usually  excessive  during  winter.  It  is  the 
existence  and  more  or  less  permanency  of  these  two  large  areas  of  high 
pressure  which  combme  to  give  a  north-westerly  gradient  towards  a 
sta  lonary  low  pressure  centre  near  Iceland,  and  to  govern  the  motions  of 

?t  i^ilf^^'r^  '''''I'  'T""  '^^^^  ^  -  easterly  di  ecW 

.  to  remember  that,  while  an  anticyclone  system  compen- 

there  is  ^no"^,?       T''''  ^  t--f-™g  air  from  one  level  to  another, 

effect.  '  «f  <=ause  and 

Wedge-shaped  Isobars  usually  point  to  the  north  and  indicate  areas  of 
high  pressuremoymg  along  between  two  adjacent  cyclones.  Though  very 
usually  associated  with  fine  weather,  it  is  oiy  temporary,  because^^U'es 
of  high  pressure  are  never  stationary,  and  are  commLly  followerbrwell 

the  ^^^^t^^^  we  may  rel  d 

tself  n?'  "'f^'  °f  '^y'^ones,  and  the  wed'e 

-  ^self  as  a  mere  projectmg  tongue  of  an  anticyclone.    The  wide  end  of  the. 

.  or  sKrf ^^^^  ''''  -tl^  thrderstorms 

Cols,  or  necks  of  comparatively  low  pressure,  generaUy  lie  between  two 
^  anticyclonic  areas.    Over  them  the  weather  is  dull,  gloo^  and  stagnant 
SkeTe  thunderstorms  are  frequentlyCo7ated  tithTem^ 

liti  ""^^^       essentially  intermediate  systems. 

dire!t*on^  tJ -f^"'        those  without  any  curve,  and  may  trend  in  any 
^metric  slope,  and  does  not  enclose  any  area  of  either  high  or  low  pressui-e 
It^JT-'"  ^^^Vorary  and  an  intermediate  arrangement  ofThe- 

^  fXn^""ke:::T^  "  pressure  which  precedes  the  fo?rt?on  of  a 

hrracter^til  bti'vp'Tf  "''^  Z''^  ''T^^'  transitional  to 

'ing  S  and  7  frequently  is  that  of  a  hard  sky,  with  a  bluster- 

-        — -  to  remark 
annp!?f\^''®  ^Tf       ^'1"''^^"'  0^  P^ffs  of  wind  of  varying  intensitv 

^lvZ)n2e^  '".^  ^^'"'^  t^'''  iy^-S  underneath,  cond^ensingThe 
rthe  varion,  f  I  r^"''"^  ^^'^^  '^^^^^d-  ^o^t^'ast  to  theiS  are 
amT  examnl'es  ^"r'"'"''^  ^^^^'^^^  °f 

Mrls  o/a  dr7road  or  ;h/fTf°^  ^'^        ^'^'^^^^^  dust 

le  trop  cs    As  in  f         ^^^erspouts,  and  tornadoes  of 

hatis  thect  se  of  the  /"d  anticyclones,  the  question, 

some  comnZtv  .nrl  \  descending  and  ascending  air  currents  ?  is  one 
me  complexity,  and  has  not  yet  received  an  adequate  explanation 
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It  must  not  be  forgotten  that  all  the  foregoing  forms  of  isobars  are  at 
it  must  not  oe  loig  .^^^  ^^^^  ^^^^^^  ^^^t, 

ances  for  ^^^^ance  are  irequen^^^^^  formation  of  areas  of  high 

coasthneor  ran^e  of  mounta^^^^^^^  regular  nor  their  direction  of 

pressure;   so  that  tneir  yeiotiu^  b  ^ience  shows  that 

more  than  saying  ^''-rXartrAtullena 

Thus,  in  th.  which  lie  to  the 

those  countries  wUl  be  best  smtea  lor  Norway  and  Germany 

east  of  a  well-observed  land  area.    Tor  ^  England, 

are  better  placed  for  weather  f »™»f rmtae  tS  ™t  a^as  of  high  and 
Large  area.  ^fea^Mta^b1^nf  P  L"" 

low  pressure,  hence  Great  liritam  Bem„  pMc  prognostication  of 

between  anticyclonic  and  eyclon  e  ^J^'f^'  1^^^      as  their 

weather  peculiarly  difficult  m  'hese Jjaand^'XZ  'of    ™£nls  forming 

-rt»2!%^^^^^^^^^ 

"n^rir&ir^^^^^^^  - 

W.,  J,  means  N.,  means  K  a„a  so  ™^  O^he^  o^^^^^^^^^  ^^^^^  _  ^  ^.^^ 
eated  by  the  number  of  hmU  or  leatners  ^ 

brece;  t        '''7«^|  S-m^rical  results,  of 

Temperature  and  Jlfosst»«,  """"g  "  ,''/4e  nresent.    The  remanimg 

Swsfa  bar  or'dot  under  a  letter  denoting  mtensity. 

b  =  blue  sky  :  whether  with  dear  or  hazy  atmosphere. 

c  =  cloudy,  but  detached  opening  clouds, 
d  =  drizzling  rain. 

f  =  foggy, 

g  =  dark  gloomy  weather. 
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^  hail,  A 

:  lightning,  <. 

:  misty  hazy  atmosphere,  ^  or  oo. 

:  overcast,  the  whole  sky  being  covered  with  an  impervious  cloud. 
^  passing  temporary  showers, 
squally. 

rain,  continued  rain,  # . 
snow,  -X*. 
thunder,  T. 

"uglyi"  threatening  appearance  of  the  weather. 

"visibility"  of  distant  objects,  whether  the  sky  be  cloudy  or  not 

dew,  A,.  J 


The  above  notation,  devised  by  Admiral  Beaufort,  has  long  been  in 
universal  use  m  this  country.  The  foUowing  symbols  have  been  added 
more  recently,  _  and  are  officially  recognised  by  the  various  European 
meteorological  institutions.  ^ 


Thunderstorm, 
Soft  Hail  ("  Graupel  "),  ." 
Hoar  Frost,  .... 
Silver  -  thaw   ("  Eauh  -  frost," 

"Duft"),  

Glazed  Frost  ("  Glatteis  "),  . 
Snow  Drift,  .... 
Ice  Crystals, .... 


K 

A 


V 

4* 


Strong  "Wind, 
Solar  Corona, 

„  Halo, 
Lunar  Corona, 

„     Halo,  , 
Rainbow, 
Aurora,  . 

Dust-haze  ("Hdhen-rauch"), 


/ 
O 

e 

oo 


•X-"  means  slight  snow.    ^2  heavy  snow. 
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CHAPTER  XVI. 


YITAL  STATISTICS. 


An  accurate  basis  of  facts,  derived  from  a  sufficient  amount  of  experience 
and  tabulated  with  proper  precision,  lies  at  the  very  foundation  of  hygiene 
as  of  all  exact  sciences.  It  is  desirable,  therefore,  that  all  persons  inter- 
ested m  sanitary  science  should  know  what  data  are  at  their  disposal 
how  to  coUect  them,  and  how  to  use  safely  the  various  facts  placed  before 
them.  Probably  no  single  cause  has  contributed  more  to  the  attention  now 
paid  to  questions  of  Public  Health  than  the  careful  coUection  of  the  statistics 
of  births  and  deaths,  and  of  the  causes  of  death,  which  have  been  coUected 
and  pubhshed  by  the  Registrar-General's  Office  during  the  past  fifty  years 
These  coUections  of  figures  and  facts  are  usuaUy  spoken  of  as  vital  or  health 
statistics,  because  they  are  so  intimately  associated  with  the  various  problems 
relating  to  the  health  and  chances  of  life  of  the  community.  So  valuable 
has  been  the  work  done,  that  we  are  now  able  to  determine  with  some 
precision  the  causes  and  limits  of  mortality,  and,  by  the  study  and  analysis 
of  the  coUection  of  facts  known  as  vital  statistics,  to  apply  them  as  tests  of 
tlie  liealth  of  the  communities  to  which  they  refer. 

The  chief  vital  statistics,  bearing  upon  public  health,  relate  in  detail  to 
past  and  present  facts  concerning  populations,  age  and  sex  distribution 
births,  marriages,  deaths,  diseases,  duration  of  the  hours  of  occupation  and 
general  social  conditions,  such  as  the  health  of  each  class  of  the  communitv 
as  judged  by  the  expectation  of  Hfe  at  given  ages.    Statistics  of  sickness 

thelfSrir       f'  I'l  attempted,  chiefly  on  account  of 

the  difficulty  m  coUecting  the  data  with  accuracy. 

Population,  as  the  natural  basis  of  all  vital  statistics,  necessarily  demands 

&i?7-'T^'f °f  ^^^'^'^^^8^  ^P°^  P°i^^  each  pkce  in 
Great  Britain  depends  primarily  upon  the  census  returns  which  have  been 
made  regularly  and  with  increasing  care  every  ten  years  since  1801.  The 
following  table  gives  the  results  of  each  successive  census,  and  shows  the 
enormous  increase  m  the  population  of  England  and  Wales,  and  of  London 
in  the  present  century  : —  "--^uun, 


Year  of  Enumeration. 

Population  of  England  and  Wales  and  In  London  in  each  Census. 

England  and  Wales. 

London. 

Persons  in  London  to  100  in 
England  and  Wales. 

1801 
1811 
1821 
1831 
1841 
1851 
1861 
1871 
1881 
1891 

8,892,536 
10,164,256 
12,000,236 
13,896,797 
15,914,148 
17,927,609 
20,066,224 
22,712,266 
25,974,439 
29,002,525 

958,788 
1,138,746 
1,378,853 
1,654,870 
1,948,293 
2,362,105 
2,803,847 
3,253,785 
3,815,544 
4,211,452 

10-  78 

11-  20 
11-49 

11-  91 

12-  24 

13-  18 

13-  97 

14-  33 
14-69 
14-52 
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The  chief  data  collected  at  each  census  are  the  total  number  of  inhabi- 
tants in  each  area,  the  numbers  living  of  each  sex  and  at  certain  age-periods, 
and  the  numbers  employed  in  certain  callings.    It  will  be  at  once  obvious 
that  the  facts  relating  to  the  numbers  living  of  each  sex  and  at  various  age- 
periods  and  the  numbers  employed  in  certain  callings  can  only  be  accurately 
known  in  actual  census  years,  and  from  them  estimates  for  intermediate 
years  must  be  made.    An  interval  of  ten  years  between  the  takings  of  the 
census  is  now  acknowledged  to  be  too  long,  and  it  is  probable  that,  if  our 
population  statistics  are  to  remain, in  any  way  accurate,  more  frequent 
enumerations  of  the  people  will  need  to  be  taken,  and  even  then  certain 
inaccuracies  are  sure  to  exist,  due  chiefly  to  the  still  imperfect  education  ot 
larcre  numbers  of  householders  and  heads  of  famihes;  these  defects  ot 
information  collected  relate  especially  to  occupations  and  ages.    It  is  remark- 
able what  a  large  number  of  people  do  not  know  their  precise  age ;  persons 
generally  give  their  ages  in  census  returns  in  some  multiple  of  ten.  Another 
source  of  error  and  perplexity  in  all  census  returns  is  the  too  frequent 
wilful  misstatements  made  by  women,  owing  to  their  desire,  for  various 
reasons,  to  be  thought  between  20  and  25  years  of  age.    This  is  shown  by 
the  fact  that,  in  each  successive  census,  the  number  of  women  returning 
themselves  as  between  20  and  25  is  larger  than  the  number  of  girls  returned  in 
the  census  of  ten  years  before  as  between  10  and  1 5  years  of  age.   The  former 
being  only  the  survivors,  after  the  lapse  of  ten  years  of  these  latter,  they 
should  of  necessity  be  fewer  in  number.    The  male  sex  is  not  altogether 
free  from  blame  in  the  same  matter,  though  the  bias  goes  m  the  opposite 
direction.    Thus,  men  of  the  poorer  classes,  who  have  passed  the  age  ot  bU, 
constantly  overstate  their  age  for  the  sake  of  certain  definite  advantages, 
such  as  getting  outdoor  relief,  or,  if  entering  the  poorhouse  gaming  some 
special  privileges  not  granted  to  their  juniors.    Some  reaUy  old  people  often 
exaggerate  their  age  in  order  to  appear  as  centenarians.  vf   f^.  nr,^ 

In  attempting  to  estimate  the  population  of  any  given  locality  for  any 
year  intermediate  between  the  collection  of  census  returns  it  is  necessary  to 
calculate  the  probable  decrease  or  increase  of  the  P^^!"^"!^^  P°f /^tr\ad 
comparing  the  numbers  of  the  latest  enumerations.    Thus,  say  a  tow  had 
in  1881  a  population  of  35,626,  and  m  1891  one  of  38  754,  and  it  waa 
required  to  know  its  estimated  population  in  June  1896  :  it  ^^  ^f^^^^^^ 
such  a  case  to  assume  that  the  1896  Population  wdl  be  gr  ater  to 
1891  and,  if  we  further  assume  that  the  increase  will  be  at  the  same  rate  as 
between  1881  and  1891,  by  taking  the  difference  between  the  1881  and  the 
^S'opulL^  and  di^idfng  by  10  we  get  the  anriual  ~  «^^P^^^^^^^^ 
tion  for  that  town.    Inasmuch  as  the  census  is  always  taken  ^^Jhe 
nuarter  of  the  year,  and  we  require  the  population  at  the  end  of  June  lb\)0, 
annterval  of  5i  years  will  haie  elapsed  since  the  last  census ;  if,  therefore 
we  Sply  the  annual  increase  of  population,  which  m  this  example  is 
38,754-35,626  ^  ^^^S,  by  5-25,  we  get  an  increase  of  1642  to  be  added  to 
the  1891  population,  giving  an  estimated  population  of  38,754 -f  1642,  or 

'"''Tltrtlin^^^^^^  -  estimated  population  is  fallacious, 

as  ill^e^:^  tL  Lre.se  or  decrease  will  be  a.  in  an  anthme^^^^^^^^^^^^^ 
Session.    The  true  law  of  the  increase  or  decrease  °^M^°P^  ^^^^^^^^^^^^ 
f  geometrical  progression,  and  is  very  suitably  comj^ai-ed  to  ^l^e^^^^^^^^^^^ 
suL  of  mone^at  compound  interest.  .The  increase  m 
from  the  increase  in  one  year  by  multiply  ng  1  plus  J^n^^uai 
Sase  X  times  into  itself.    If  the  increase  m  one_year_be__l_5_pei  cent.,_^ 
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becomes  1-015  in  one  year,  and  1-015  multiplied  x  times  into  itself  will  give 
the  increase  in  x  years.  To  obtain,  therefore,  the  annual  rate  of  increase  in 
X  years,  the  xth  root,  and  not  the  xth  part  of  the  x  rate  of  increase,  must  be 
taken.  If  a  population  of  100,000  in  1891  becomes  101,000  in  1892,  it  is 
evident  that  the  1893  population  will  be  greater  than  102,000,  for  the  yearly 
mcrease  has  now  to  be  reckoned  upon  101,000,  not  upon  100,000.  If  p  be 
the  population  in  any  given  year,  say  1891,  and  r  be  the  factor  of  annual 
mcrease  (m  this  case  r=  1-01),  then  in  1892  or  in  one  year  the  population 
will  become  2?  x  r,  m  1893  or  in  two  years  p  x  r2,  and  in  n  years  p  x  r»  In 
the  above  instance  the  correct  estimate  for  1893  would  be  102,010,  for 
1 894  it  would  be  103,030,  and  so  on.  In  mathematical  language  the  increase 
IS  geometrical,  not  simply  arithmetical,  and  on  this  assumption  the  Eegistrar- 
General  calculates  the  estimated  populations  for  London  and  other  large 
towns,  as  weH  as  for  the  whole  country,  for  intercensal  years.  On  this  basis 
the  calculations  are  more  conveniently  performed  by  logarithms  in  the 
following  manner. 

Taking  the  same  example  as  above,  in  which  a  town  had  in  1881  a 
population  of  35,626  and  in  1891  one  of  38,754,  we  find  the  logarithm  for 
the  1891  population,  or  log  38,754  =  4-5883165,  and  deduct  from  it  the 
feSn.     n^H''  population,  or  log  35,626  =  4-5517671  ;  this  gives 

U-0365494,  which  is  the  logarithm  of  the  decennial  increase.  Dividing  this 
by  10  gives  us  0-00365494,  or  the  logarithm  of  the  annual  increase,  and  a 
quarter  of  this  is  0-0009137,  or  the  logarithm  of  the  quarterly  increase.  By 
adding  together  the  logarithm  of  the  1891  population  and  five  times  the 
logarithm  of  the  annual  increase  and  the  logarithm  of  the  quarterly  increase 
we  get  the  logarithm  of  the  mid-year  1896  population,  or  4-6075049,  which 
by  reference  to  a  set  of  tables  =  a  population  of  40,504,  or  somewhat  higher 
than  the  estimation  made  by  that  of  a  simple  arithmetical  progression. 

Un  the  other  hand,  supposing  the  census  of  1891  to  have  given  a  lower 
figure  than  that  of  1881,  the  population  for  any  year  subsequent  to  1891 
might  be  similarly  calculated  upon  an  assumption  of  a  uniform  decrease 
untortunately,  these  assumptions  as  to  a  uniform  increase  or  decrease  of 
numbers  are  largely  arbitrary  or  conjectural,  and  but  rarely  agree  with  the 
;     ^f.  next  census.    Thus  the  population  of  London 

:  es  rmated  m  189  by  the  Registrar-General  was  4,441,993,  but  when 
-  actually  enumerated  by  that  year's  census  was  found  to  be  nearly  a  quarter 

•  t?nn  T  '^'^^  4,211,452  ;  that  is,  the  rate  of  increase  of  popula- 
.  tiou  durmg  the  ten  years  1882-91  had  been  much  less  than  in  the  preceding 

'  Watrf  ff''        ^"^/.^^^^^  ^^"y  population  of  England  and 

t  th^tn  ^  ^ate  of  increase  during 

t  the  ten  years  1882-91  of  11-65  per  cent,  as  against  14-36  between  1872- 

•  tvF^'f  "^'^'^     increase  recorded  since  the  systematic 

•  betnY  ''''''''  To.^S^'"  ^^^1-  Had  the  1882-91  rate  of  increase 
I  bee^  t  TV  '1  ^^^^f  ^'        population  at  the  last  census  would  have 

Deen  greater  than  it  proved  to  be  by  more  than  701,000. 

■  ino.r  n?  !r  1         ''''''  ^^^^  occurred  in  regard  to  the  populations  of 

■  Wn  .  V  f  P  T'^^''       ^^'"1*^        their  calculated  death-rates  had 

estbiSfnTT.        ^T;-  ^^i'  '^'^^y  *°  in  -^itl^e^  "nder  or  over 

■  havP  nn.^    f  population  that  faulty  estimates  of  the  birth  and  death  rates 

or  deathT.^'^-^  f  ^^'^  ^'"^  excessively  high  or  low  birth 

:  tion  fi!nrP  bp^''     "'"'''^  P^'r^"'  suggestive  of  the  estimated  popula- 

!  KtrS  ''T^-  r,P'^  '^'^  °f  Liverpool  in  1890-1  is  interesting  as 
Ithat  th  /onu^ntF''   •  death-rates  were  supposed,  on  the  assumption 

aat  the  population  was  increasing  at  the  same  rate  as  in  the  previous  decade 
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to  have  fallen  from  26-7  in  1881  to  23-6  in  1890  ;  the  truth,  as  discovered 
by  the  actual  enumeration  in  1891,  being,  that  instead  of  increasing,  the 
population  had  decreased,  and  that  the  death-rate,  instead  of  falling  to 
23*6,  had  risen  to  27*8.  The  only  true  remedy  for  these  possible  errors  is  a 
more  frequent  census. 

The  following  table  shows  the  difference  between  the  estimated  and 
enumerated  populations  of  some  large  towns  in  1891,  as  taken  from  the 
Registrar-General's  returns,  as  well  as  the  actual  increase  or  decrease  in 
their  populations  which  had  taken  place  in  the  period  1882-91, 


Town. 


Birmingliam, 
Blackburn, 
Bolton,  . 
Bradford, 
Brighton, 
Bristol,  , 
Cardiff,  . 
Derby,  , 
Halifax,  . 
Huddersfield, 
Hull, 
Leeds, 
Leicester, 
Liverpool, 
Manchester, 
Newcastle, 
Norwich,  , 
Nottingham, 
Oldham,  . 
Plymouth, 
Portsmouth, 
Preston,  , 
Sal  ford,  , 
Sheffield,  . 
Sunderland, 
Wolverhampton, 


Enumerated 
population 
at  census  of 
1881. 


436,971 
104,014 
105,414 
194,495 
107,546 
206,874 
82,761 
81,165 
81,117 
86,502 
165,690 
309,119 
136,593 
552,508 
462,303 
145,359 
87,842 
186,575 
111,343 
73  8.58 
127,989 
96,537 
176,235 
284,508 
116,526 
75,766 


Enumerated 
population 
at  census  of 
1891. 


478,113 
120,064 
115,002 
216,361 
115,873 
221,578 
128,915 
94,146 
89,832 
95,420 
200,044 
367,505 
174,624 
517,980 
505,368 
186,300 
100,970 
21.3,877 
131,463 
84,248 
159,251 
107,573 
198,139 
323,243 
131,015 
82,662 


Estimated 
population 
in  middle  of 
1891. 


469,003 
125,874 
117,034 
246,101 
125,539 
235,171 
121,477 
103,269 

82,998 
101,080 
219,812 
370,261 
158,266 
620,443 
506,325 
165,016 

96,202 
252,217 
151,158 

79,339 
144,671 
106,141 
251,024 
338,543 
133,859 

84,277 


Excess  or 
defect  of 
column  2  over 
column  3. 


+ 


9,110 
5,810 
2,032 
29,740 
9,666 
13,593 
7,438 
9,123 
6,834 
5,660 
19,768 
2,756 
16,358 
- 102,463 
957 
-I-  21,284 
+  4,768 

-  38,340 

-  19,695 
+  4,909 
+  14,580 
-t-  1,432 

-  52,885 

-  14,300 

-  7,844 

-  1,615 


+ 


+ 


Actual 
increase  or 
decrease  of 
population. 


-1-41,142 
+  16,050 
+  9,588 
+  21,866 
+  8,327 
+  14,704 
+  46,154 
+  12,981 
+  8,715 
+  8,918 
+  34,354 
+  58,386 
+  38,031 
-34,522 
+  43,065 
+  40,941 
+  13,128 
+  27,302 
+  20,120 
+  10,390 
+  31,262 
+  11,036 
+  21,904 
+  39,735 
+  14,489 
+  6,896 


As  the  Registrar-General  has  pointed  out,  the  ofl&cial  method  of  calculat- 
ing populations  by  the  assumption  of  an  equable  rate  of  growth  is  only 
trustworthy  in  the  case  of  very  large  communities,  where  any  abnormal 
increase  in  one  direction  is  sure  to  be  counterbalanced  by  an  abnormal 
decrease  in  another.  It  is  hardly  reliable  for  very  small  communities, 
where  growth  is  very  often  most  irregular  and  spasmodic. 

A  moment's  reflection  will  show  that  many  circumstances  may  help  to 
quicken  or  retard  the  increase  of  a  population.  The  increase  in  any  given 
population  may  be  either  natural  or  actual.  The  former  is  merely  the 
excess  of  births  over  deaths,  while  the  latter  is  dependent  upon  the  balance 
between  births  and  immigration  on  the  one  hand,  and  deaths  and  emigration 
on  the  other.  The  facts  revealed  by  the  last  census,  in  1891,  showed  a 
decline  in  the  natural  increase  of  population  for  England  and  Wales  ;  this 
was  not  due  to  any  increased  mortaUty,  but  rather  to  a  decline  in  the  birth- 
rate, whicli  was  low  beyond  prec.edent.  For  the  whole  country  the  actual 
increase,  as  shown  by  the  last  census,  also  showed  a  decline,  due  mainly  to 
an  excess  of  emigration  over  immigration  during  the  last  decennium.    As  a 
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general  rule,  in  towns  the  actual  increase  is  greater  than  the  natural,  simply 
because  there  is  a  natural  tendency  for  people  to  migrate  from  rural  to 
urban  districts ;  and  with  regard  to  such  local  migrations,  at  present  we 
have  no  availaljle  or  systematic  record.  It  is  well  known  that  in  times 
when  trade  is  bad  in  certain  localities,  a  considerable  movement  of  the 
population  occurs  to  other  parts,  and  vice  versd. 

Although  not  officially  recognised  by  the  Registrar-General,  there  are 
several  methods  of  checking  estimated  populations,  which,  if  used  judiciously, 
are  of  great  value.  Amongst  such  are  examinations  of  inhabited  houses  as 
ascertained  from  the  rate-books,  and  then,  assuming  the  density  to  remain 
the  same,  to  multiply  the  number  of  ijihabited  houses  by  the  average 
number  of  persons  per  house.  Care,  however,  must  be  taken  to  allow  for 
any  marked  change  in  the  class  of  new  houses  built,  whether  containing 
fewer  or  more  Occupants  than  others,  and  too,  to  allow  for  block  buildings, 
flats,  and  large  hotels,  all  of  which  are  liable  to  seriously  affect  statistical 
results.  Another  useful  method  for  checking  the  calculation  of  a  present 
population,  suggested  by  ISTewsholme,  may  be  derived  from  the  birth-rate  of  a 
place.  It  is  based  on  the  assumption  that  the  birth-rate  remains  the  same  for 
a  series  of  years  as  it  was  found  to  be  at  the  time  of  the  last  census.  Thus, 
m  Wandsworth,  the  average  birth-rate  for  the  decennium  1872-81  was 
35-68  per  1000,  and  the  number  of  births  in  1881  was  7582,  therefore, 
assuming  that  35-68  was  the  number  of  births  from  one  thousand  of 

population,  7582  was  the  birth-rate  of  212,500  people:  or  7582  x  1000 

35*68  ' 

212,500.  As  a  matter  of  fact,  the  actual  census  return  for  Wandsworth, 
m  April  1881,  was  210,434,  an  astonishingly  close  approximation  of  results! 

Age  and  Sex  Distribution.— This  is  sometimes  spoken  of  as  the  consti- 
tution of  a  population,  inasmuch  as  it  shows  the  proportion  in  which  males 
and  females,  and  persons  of  different  ages  or  of  different  callings  enter  into 
the  composition  of  the  community.  These  figures  and  facts  are  of  course  only 
obtamed  at  each  census,  and  generally  may  be  taken  to  remain  constant  tiH 
the  next  census.  The  effect  which  these  facts  have  upon  mortality  statistics 
will  be  explained  later  on ;  at  present,  allusion  need  only  be  made  to  the 
very  marked  difference  which  exists  in  the  age  distribution  between  the 
populations  of  town  or  urban  and  those  of  rural  districts.  The  1891  census 
gives  for  England  and  Wales  the  following  age  and  sex  distribution  of  the 
population  per  million  persons  of  all  ages  :  


All  ages 
Oto  5 
5„  10 
10  „  15 
15  „  20 
20  „  25 
25  „  35 
85  „  45 
46  „  55 
55  ,,  65 
65  „  76 
Over  76 


English  Urban  Districts. 


Persons. 


1,000,000 
122,524 
115,343 
109,405 
103,429 
95,551 
157,413 
117,719 
85,188 
53,264 
29,658 
10,506 


English  Rural  Districts. 


Males. 


479,268 
60,906 
57,428 
54,149 
49,865 
44,260 
74,520 
66,781 
40,353 
24,175 
12,721 
4,110 


Females. 


520,732 
61,618 
57,915 
55,256 
63,564 
51,291 
82,893 
60,938 
44,835 
29,089 
16,937 
6,396 


Persons. 


1,000,000 
12-2,521 
121,504 
115,639 
97,405 
80,166 
134,266 
107,193 
88,420 
67,106 
45,658 
20,133 


Females  to  100  Males. 


Males. 

Females. 

Urban 
Districts. 

Rural 
Districts. 

498,131 

501,869 

109 

101 

61,045 

61,476 

101 

101 

60.859 

60,646 

101 

100 

59,133 

56,506 

102 

96 

52,204 
39,782 

45,201 

107 

87 

40,373 

116 

101 

65,608 

68,658 

111 

105 

52,375 

54,818 

107 

105 

42,999 

45,421 

111 

106 

32,685 

34,421 

120 

105 

22,090 

23,568 
10,782 

133 

107 

9,351 

165 

115 
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This  table  shows  that,  as  compared  with  the  country  districts,  in  the 
towns  of  England  and  Wales  there  is  a  great  excess  of  persons  from  15  to 
45  years  of  age,  and  a  small  proportion  of  children  between  5  and  10  years 
of  ao'e.    The  probable  explanation  of  these  figures  is  the  persistent  immigra- 
tion°of  young  adults  from  the  country  to  the  urban  areas  in  the  one  case, 
and  the  higher  infantile  mortality  of  the  towns  than  of  rural  districts  in 
the  other     The  proportion  of  females  to  males,  of  all  ages,  is  much  higher 
in  towns  than  in  the  country,  being  109  to  100  in  the  former  but  only  as 
101  to  100  in  the  latter.    These  proportions  are  only  manifest  after  the  10 
to  15  age-period,  when  the  girls  begin  to  migrate  into  the  towns  as  domestic 
servants.    The  migration  of  girls  into  towns  is  soon  foUowed  by  that  of 
boys,  with  the  result  that  the  unequal  proportion  of  the  two  sexes  m  towns 
in  the  15  to  20  age-period  is  considerably  reduced,  and  continues  to  be  so 
durin^^  all  the  more  active  working  ages,  or  the  period  from  the  end  of  the 
25th  to  the  end  of  the  45th  year  of  life.    In  the  later  years  of  life  the 
disproportion  between  the  sexes  in  the  towns  again  increases,  so  much  so 
that  in  the  55  to  65  years  period  the  women  are  20  per  cent,  more  numerous 
in  towns  than  the  men,  but  only  about  5  per  cent,  more  numerous  m  the 
country.    In  the  65  to  75  period  the  excess  is  33  per  cent,  m  the  towns 
and  only  7  per  cent,  in  the  country ;  while  in  the  over  75  years  period  the 
excess  of  women  becomes  55  per  cent,  in  the  towns  and  only  15  per  cent. 

in  the  rural  districts.  j -nr  i    •  iqqi 

The  normal  constitution  of  the  population  of  England  and  Wales  m  1891 

was  as  follows  : — 


All  Ages. 

0-5. 

6-10. 

10-15. 

15-20. 

20-25. 

25-35. 

35-45. 

45-55. 

55-65. 

66-75. 

Over  75. 

Both  Sexes, 

1000 

122 

118 

113 

101 

88 

146 

112 

86 

61 

38 

15 

Males,  .  . 

489 

61 

59 

57 

51 

42 

70 

54 

42 

29 

IS 

6 

Females,  . 

511 

61 

59 

56 

50 

46 

76 

58 

44 

32 

20 

9 

This  increasing  excess  of  females  m  the  late-age  periods,  so  far  as  ^is 
common  to  both  towns  and  country,  is,  of  course,  due  to  the  fact  that 
womTare  lonaer  lived  than  men,  that  is,  they  survive  when  the  men  die 
^ff  The  treater  excess  of  women  over  men  in  towns  than  m  the  country 
f  less  isf  S  exi'Lation.  It  may  be  due  to  the  fact  that  men,  as  they 
ge  old,  lelve  the\owns,  where  the  struggle  for  existence  - 
more  keen  and  retire  into  the  country  more  rapidly  than  do  the  women , 
ma^^e  due  to  differences  between  the  conditions  of  ^own  cou^^^^ 
Se  bS  more  hostile  to  old  men  than  to  old  women     Pos^';bly  both 

mPTi  •  hence  there  is  more  inducement  for  women  tlian  lor  uieu 

mae.  of  national  prosperit. 


MARRIAGE  RATES.  813 

case  of  the"  same  community  in  successive  years,  but  not  so  for  comparing 
different  communities  in  the  same  year,  because,  owing  to  varying  age  and 
sex  distribution,  the  number  of  marriageable  persons  must  vary  considerably 
m  different  communities.  A  more  accurate  method  of  estimating  the 
marriage-rate  for  comparative  -  purposes  is  to  base  it  on  the  enumerated 
or  estimated  number  of  bachelors,  spinsters,  widowers,  and  widows  livine 
at  marriageable  ages.  ° 
The  number  of  marriages  registered  in  1898  in  England  and  Wales 
corresponds  to  a  rate  of  16-3  persons  married  per  1000  of  the  estimated 
population  This  is  the  highest  marriage-rate  that  has  been  recorded  since 
the  year  1876.  In  the  twenty-eight  years  1849-76  the  marriage-rate  had 
only  below  16-0  per  1000  and  had  averaged  16-8  ;  in  the  twenty 

years  1877-96  the  rate  had  only  once  (in  1896)  reached  15-8  and  had  avera-ed 
1      fx.  .  ?®  marriage-rate  corresponds  usually  with  a  fall  in  the 

value  of  British  exports,  and  with  the  amount  per  head  of  population  cleared 
at  the  Bankers  Clearing  House,  and  also  with  a  faU  in  the  price  of  wheat  • 
the  rise  of  the  marriage-rate  in  1898  was  accompanied  by  a  fall  in  the  value 
of  exports,  a  rise  m  the  value  of  imports,  and  a  rise  in  the  price  of  wheat 

ihe  marriage-rate  is  always  higher  in  large  towns  than  in  rural  districts 
probably  because  a  large  number  of  young  people  resort  to  populous  districts' 
where,  omng  to  the  presence  of  large  trades  and  manufactures,  hiche^ 
wages  can  be  secured,  and  there  they  marry.  The  statistics  as  to  ac.es  at 
marriage  are  not  perfect,  but  there  is  evidence  that  the  mean  age  at  ma^ria^e 

??98  were^^l'sf^  J""'  '^'^      thole  marr[ed  in 

1898  were  28-34  years  for  men  and  26-18  years  for  women.    The  mean 

age  of  bachelors  who  married  was  26-62,  of  widowers  44-70,  of  spinsters 

25^4,  and  of  widows  40-59  years.    Further  evidence  that  marriage  Snow 

deferred  to  a  somewhat  later  period  of  life  than  formerly  is  afforded  t  tZ 

decline  in  the  proportion  of  under-age  marriages.     The  proportioVS 

marruiges  of  minors,  which  has  shown  a  nearly  unbroken  dechnrsinoe  thp 

year  1874,  when  it  stood  at  84  per  1000  among  husbands  and  22?  per  000 

among  wives,  fell  m  1898  to  51  per  1000  husbands  and  168  per  1000  w  ves 

,  sbceTs^L    "  ""^^  1°--^  in  any™ 

The  age  at  marriage,  especially  the  age  of  the  women,  is  an  important 
actor  in  controlling  the  fecundity  of  marriages,  because  childS  Ss  I 
limited  practically  to  between  the  16th  and  45th  years  Tlife  Thp 

.  parents  of  nearly  half  the  chUdren  born  are  under  30  yeais  of  a^e  -  if  1 
women  married  before  30,  the  births  would  be  reduced  to  about  two  third? 

-  generation  dimmish,  but  also  the  interval  between  the  hiv^L  Z 
generations  would  lengthen,  the  length  of 'hfrr^m  h  in^^^^^^^  LZIfZ' 
It  IS  questionable  whether  early  marriages  are  really  any  more  fnSl  Sli* 

^S  the      Aw  "^'^'^T  ^^"'-^^^^        generation  is  Wi  Ld 

eaSiinl  tt  ""T         ^^""^'^  ^^^^^  ^^^^  P^^«^t«  W  died  before 
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United  (Cingdom. 

Proportions  per  1000  Living. 

Civil  Conditions. 

Males. 

Females. 

England  and 
Wales. 

Scotland. 

Ireland. 

Males. 

Females. 

Males. 

Females. 

Males. 

Females. 

Single,  . 
Married,  . 
"Widowed, 

11,619,047 
6,055,017 
640,507 

11,751,611 
6,146,253 
1,520,487 

620 
345 
35 

596 
329 
75 

663 
304 
33 

631 
290 
79 

696 
265 
39 

641 
262 
97 

The  latest  returns  available,  or  those  of  1898,  indicate  that  the  men  who 
sio-ned  the  marriage  register  with  marks  instead  of  writing  their  names  were 
in°the  proportion  of  31  in  1000,  while  the  similarly  iUiterate  women  were 
36  in  1000.  With  the  progress  of  elementary  education  there  has  been  a 
continuous  diminution  in  the  proportions  of  both  men  and  women  unable  to 
wi-ite  their  names ;  the  proportions  in  1898,  as  compared  with  those  in  1897, 
showin<^  a  reduction  of  6  per  cent,  for  men,  and  of  10  per  cent,  for  women. 

Birth-Rates.— The  Births  and  Deaths  Registration  Act  of  1874  compels 
every  birth  to  be  registered  within  forty-two  days  of  its  occurrence.  The 
number  of  births  per  1000  persons  living,  or  birth-rate  as  it  is  caUed,  averaged 
31-9  in  the  ten  years  1883-92  in  England  and  Wales,  the  highest  rate  of 
36-3  ever  recorded  in  this  country  having  been  reached  in  1876,  and  the 
lowest  29-4  in  the  year  1898.  This  is  the  lowest  birth-rate  since  civil 
registration  began  and  M  per  1000  below  the  average  rate  m  the  preceding 
ten  years  The  birth-rate  naturally  varies  greatly  m  different  towns  or 
localities  being  higher  in  towns  and  during  times  of  commercial  prosperity, 
and  of  course  lower  in  rural  districts  and  during  periods  of  trade  depression. 
Bad  trade  and  bad  harvests  also  diminish  the  number  of  marriages,  and  con- 
sequently lower  the  number  of  children  born. 

The  birth  and  marriage  rates  are  readily  found  by  a  simple  proportion 
sum;  thus,  if  the  population  of  a  town  be  13,621,  and  the  number  of^Di^ths 

and  marriages  during  the  year  are  respectively  441  and  215,  then^^-gg^  x 
1000  =  32-3  birth-rate  per  1000,  and  JiL  x  1000  =  15-7  marriage-rate  per 


13,621 

1000  This  method  of  stating  the  ratio  of  births,  marriages,  or  deaths  in 
one  vear  as  per  thousand  persons  living  in  a  place,  is  the  most  usual  and 
convenient,  but  occasionally  it  may  be  necessary  to  compare  these  rates  for 
shorter  periods,  say  weeks,  months,  or  quarters ;  m  which  case  it  is  done  in 
the  following  Way.    Suppose  it  is  required  to  know  the  birth-rate  during 

—  part  of  a  year,  then — 

l<r,.^hAPofJnrthsju^      period  in  question  ^  ^  ^  ^^^^  ^  birth-rate  of 
"    Population  in  the  middle  of  the  year  •    •,  ^,       .i  ^„ 

period  in  question.   Taking  the  preceding  example,  and  required  the  birth-rate 

during  one  week  or  ^^fj^^  part  of  a  year,  during  which  period  ten  births 

,  .   V  R9-1774.7  X  1000  =  38'3,  or  birth-rate. 

have  taken  place,  we  get  y^q21  x      ^'       ^  ^"""^  ^' 

When  comparing  one  community  with  another  to  be  strictly  fair  the 

birthrate  should  he  calculated  on  the  total  population  only  after  it  has 
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been  reduced  to  a  common  or  normal  constitution  as  regards  sex,  age,  and 
marriage.  This  is  best  secured  by  calculating  the  birth-rate  on  the  number 
of  women  between  twenty  and  forty  years  of  age  who  constitute  the  great 
majority  of  childbearing  mothers.  More  males  appear  to  be  born  than 
females,  m  the  proportion  of  103-2  to  100.  The  number  of  illegitimate 
V^c^ot  diminishing;  formerly  it  was  as  much  as  5  per  1000;  in 

1898  the  proportion  was  1-2  per  1000  persons  Hving,  or  42  per  1000  births 
and  is  exactly  the  same  rate  as  in  1 897.  This  illegitimate  birth-rate  varies 
much  in  different  districts;  thus  the  registration  counties  in  which  the 
proportion  of  legitimate  to  total  births  was  highest,  were,  Norfolk 
Herefordshire,  Shropshire,  Cumberland,  Westmorland,  and  North  Wales' 
Ihese  SIX  counties  had  also  shown  the  highest  average  ratios  of  iHegitimate 
to  total  births  m  the  ten  years  1888-97. 

There  is  reason  to  beUeve  that  in  France  and  some  foreign  countries  the 
production  of  children  is  dehberately  restricted  in  relation  to  the  possible 
mamtenance  of  them  at  home;  with  the  result  that  the  total  populations 
are  diminishing.  In  this  country  we  have  no  need  to  discourage  the  expan- 
sion of  the  population,  for  our  colonies  are  in  need  of  more  inhabitants,  and 
our  industries  of  more  work-people.  In  fact  it  is  the  absence  of  such 
restrictions  on  population  in  Great  Britain  which  has  enabled  us  to  estabHsh 
our  colonial  empire  and  extend  the  British  nation  aH  over  the  world  It 
IS  as  much  a  mistake  to  suppose  that  the  inliabitants  of  a  country  are  in 
proportion  to  their  food  as  it  is  to  think  that  the  productions  of  a  country 
are  m  proportion  to  the  number  of  its  inhabitants.  The  truth  is  the 
population  that  a  country  sustains  does  not  depend  exclusively  on  the 
amount  of  subsistence  existing  in  it  at  any  one  time,  but  rather  that  the 

fn         1  '  'TS,^     ^'"^'^'^  '^''^^  "^^^^^         character  of  its 

inhabitants  and  the  more  numerous,  cultured,  and  civiHsed  they  are  the 
greater  wil  be  the  products  of  their  industry.    Unfortunately,  popiat  on 
^  often  out  of  the  place  where  it  is  wanted  or  could  be  most  productive 
but  at  no  time  can  it  be  said  that  the  population  of  any  country  is  excessive 
or  out  of  ratio  with  means  of  subsistence.    In  Great  Britain  the  means  of 
ubsistence  have  increased  faster  than  the  numbers  of  the  people;  for  while 
the  population  has  doubled,  the  value  of  capital  has  more  than  trebled  iTself 
iiius  at  6  per  cent,  per  annum,  compound  interest,  capital  doubles  itself  in 
twenty-four  years.    A  birth-rate  of  3  per  cent.,  ^hich  is  near  the  actual 
present  rate  m  England  and  Wales,  would  impi;,  in  the  abince  of  deaths 
ate  ^t^oTp^ f '  '^'.^"'^^^  --e  period.    But  if  the  deS 

S  htte  is^  1  of  o'oi^^^^^^^  '''''''''        100  at  the  present 

inJeresf  V,-^  \  ^1'  ^o^yp  =  FR'^,  .vhere  as  in  compound 

WJnt'/  amount  when  increased,  or  principal -1- interest ;  P  is  the 

;  r  St  R  population;  R  is  1  -t-the  rate  of  increase  p;r  unit  or 

r,  tnat  IS,  K  =  1  -f  r ;  «  IS  the  number  of  years.  It  is  required  to  know  tbp 
fame  necessary  to  double  the  population.   In  this  case,  p  =  2,  and  P  =1  Then 

'ifi'  =  PR«,  2=lxR»  =  R"  =  (l  +  ,)«  or  2  =  (l+0'01ir;  or  (l-01in  =  2 
Therefore,  n  log  1-011  =log  2,  and  «-         ^      0-3010300  . 

T.,  ,  ,     ;   '  l^ll=0^00T7512=^^  *y^^^^- 

I  nii,pi  1  P^P''^^*^^°^'  therefore,  doubles  itself  in  about  sixty-four  years  a 

may  bp  tT  P'"'^  '^'P^'^^  *°  <^°^We  itself,  and^mone/ capital 

may  be  taken  as  representative  of  subsistence  or  other  working  materials 

^  of  S«  r"^^''  population,  when  the  balance  between  expense 

il  morraltr'r^^^^  ^'""^^  ^^^^  out,  i-epSen 

*:chilffln         1       ..^  ^'^y  '^^^'-^  to  restrict  the  production  of 

children,  as  advocated  by  Malthus,  for  fear  of  over-populating  tWorld,  it 
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is  as  uncalled  for  as  it  is  mischievous ;  and  amounting  as  it  does  to  a  policy 
of  depopulation,  it  means  tlie  gradual  reduction  of  this  country,  m  the 
presence  of  the  great  continental  nations,  to  the  level  of  a  second-rate 

^^^Apart  from  this  aspect  of  the  question,  to  the  sanitarian,  the  Malthusian 
doctrine  which  assumes  that  the  fewer  the  people  the  happier  they  will 
be  is  of'verv  serious  and  far-reaching  import.    If  sanctioned  or_  encouraged, 
it  would  involve  practically  the  relaxation  of  all  efforts  to  improve  the 
Dublic  health  while  all  efforts  to  remove  insanitary  conditions  and  obviate 
unhealthy  employments  would  necessarily  be  regarded  as  attempts  to  evade 
an  inevitable  and,  from  the  Malthusian  point  of  view,  a  beneficial  law 
Possiblv  few  would  carry  the  doctrine  so  far  as  to  propose  the  actual 
destruction  of  life,  but  its  advocates  are  logically  bound  to  welcome  a  high 
death-rate  as  being  prima  facie  favourable  to  a  reduction  of  numbers,  liven 
tMs  idea  is  fallafiSus,  for  we  shall  see  later  on  that  the  births  almost 
invariably  increase  when  the  mortality  increases,  and  where  the  mortality 
is  greatest  there  the  population  is  multiplying  most  rapidly  (Ne^vsholme). 

Death-Kates.-By  the  Births  and  Deaths  Kegistration  Act  of  18<  4aU 
deaths  must  be  registered  within  five  days  of  their  occurrence.  In  1898 
the  deaths  re<^istered  in  England  and  Wales  were  m  a  proportion  of  17  6  to 
1000  Srsons^lfv^^^^  This%ate  was  O'S  per  1000  lower  than  the  rate  in 
r  ten  years  immediately  preceding,  with  the  exception  of  the  rates  m 
1894  1896  and  1897,  the  rate  in  1898  was  the  lowest  on  record  The 
Sh-rate  is  obtained 'in  exactly  the  same  way  as  that  for  births :  by 
multiplying  the  actual  number  of  deaths  from  all  causes  into  1000,  and 
ZidTng  the  product  by  the  population;  this  is  known  as  the  general  or 
g  Ss  dfath-rafe.  In  a  'similar  way,  as  explained  above  for  ^^f^^^^^^ 
weekly  or  quarterly  birth-rate,  so  is  the  annual  death-rate  for  the  ^^eek, 

^'^^::^Z':\^f^  a  population  of  20,000  and  the  deaths  in  any 
week  being  8,  the  annual  death-rate  for  that  week  will  be  21,  or  x 
r^9.17747  x  1000  =  20-87.  These  so-caUed  weekly  death-rates  are  con- 
?:nient  for  reports,  but  are  not  reliable  data  on  which  to  compare  the 
Sive  cond'  ons  of  places,  as  much  of  the  mortality  often  depends  upon 
enitmics  wSer,  and  otlw  causes  of  a  temporary  nature.  These  death- 
^P,'^®'^''''' T?fXpV  for  each  week  by  the  Eegistrar-General,  must  therefore 

S^tT^eS^  -  ^^^^^^T^'of'dS 

hospitals  \Yrth2  is  quite  true,  but  still,  if  due  correction  be  made  it  is 
1         in         case  0  i^opulationL  the  most  trustworthy  test  we 

r  S^pLwe  vitaUty  The  corrections  most  advantageously  applied  to 
g:ri'  ^^^-iX^i^  --resident,  or  migratory  people;  (2)  for 

.  '^^^^^^S^r^^^  population  is  most  difficult  to  apply,  as  it 
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InZl'nZ  nVf  ^""^  T^'""^  ^^l^^^i^g  t°  ^nd  immigrants 

In  the  case  of  watering-places  and  favonrite  residential  to^vns,  correctfons  in 

m  eSSoraS^^^^^^^  largely  made  by  the  offices  Torn 

Sn  consiS^^^  ^^der  the  best  super- 

ICrl  V n  X        ^  disturbance  and  fallacies  in  the  statistics  occur.  Closely 
alhed  to  the  consideration  of  migration  is  the  effect  which  public  institution. 
a'St'dr"-  on  local  death-ratel  as  th  ^^^Zl 

Tn  ^!  f  T  migration  into  them  from  neighbouring  districts 

LrLm^S'taf  t^t  of To^e  inmates 

Xwtanrnrfl      T  '  If^  ^^"^^  ^d^^g        deaths  of  proper 

otstde t   Itric't  '  in'  til"''  "^^'.^''^  r"-"^  -«<^iSn 
statistLl  tabTe  I  f  ;iven  on  pars^^  may  be  made  to  the 

-The'  dea'a '^^tr  ^  *™       """J  "S"  distribution. 

Iddeath-rate  among  th  Tales  beinc,  r'/"T''l^      '""J^"  than  males,  the 

lezcept  at  the  a|esttrert»M:S'/y^^^^^^^^^^ 
^wer,  are  decreasing,  owing  to  the  crreat  TvinJ  „/1'<  "P™  death-rates,  how. 

I^age.  Sinee  female  livelon»erthru  mates  It  fo°  "  J^'"'""'  y<^'  »' 
raerein  an  equally  healthy  state  bnt  tS  '      ^  '*  '"'"s 


*tAge  Groups. 


All  Persons. 


0-  6 
5-10 
10-15 
15-20 
20-25 
25-35 
35-45 
45-55 
•  65-65 
'  65-75 
■  75-85 
^Over  85 


1871-80. 


1881-90. 


ages 


63-4 

56-8 

6-5 

6-4 

3-7 

3-1 

5-4 

4-4 

7-1 

5-6 

9  0 

7-6 

12-7 

11-5 

17-8 

17-3 

31-8 

31-6 

65-0 

65-4 

143-1 

138-6 

311-9 

288-3 

21-4 

19-2 

1891-95. 


57-0 
4-5 
2-6 

4-  0 

5-  1 

6-  9 
11-2 

-  17-5 
32-8 
66-9 
142-0 
273-7 


Males. 


1871-80. 


1881-90. 


18-7 


68-5 

6-  7 
3-7 
5-3 

7-  4 
9-4 

13-8 
20-1 
34-9 
69-7 
150-8 
327-4 


1891-95. 


Females. 


22-7 


Th 


61-6 

6-  4 

3-  0 

4-  3 

5-  7 

7-  8 
12-4 
19-4 
34-7 
70-4 

146-6 
305-8 


20-3 


62-1 
4-5 
2-5 

4-  0 

5-  3 
7-2 

12-2 
19-8 
36-3 
71-9 
149-9 
290-6 


1871-SO. 


58-4 
6-3 
3-7 

5-  5 

6-  8 
8-6 

11-6 
15-6 
28-7 
61-0 
135-4 
296-4 


1881-90. 


1891-96. 


19-8 


20-1 


e  above  table  clearly  shows  that 


52-0 
5-3 

3-  1 

4-  4 

5-  5 
7-4 

10-6 
15-1 
28-5 
60-4 
130-6 
270-8 


52-0 
4-6 
2-7 
4-0 
4-6 
6-7 
10-3 
15-3 
29-8 
62-8 
136-1 
263-8 


18-1  177 


there  is  a  great  tendency  to  death 

3  F 
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°'  'Z^t^S'^^^^^i^-^n  order  to  — .  the  errors  ta  d^ath-ra^^^^^ 

method,  based  primarily  upon  the  ^^rs  by  which  the 

throughout  England  and  Wales  provides  a  series  ^^^^^^^^^^ 

recorded  death-rates  of  the  f '^f  i^^^^n  .^^^s  Z^^^^^  use  of  these 
them  comparable  with  that  of  ^^^§1^^/ towns  can  be  lowered 
factors  the  recorded  gross  death-rate  ^/J^  ^  ^^^^Stion  of  that  par- 
or  raised  to  what  it  would  be  f  ^/f  ^nd  and  Wales  generaUy.  This 
ticular  town  were  the  same  as  that  of  ^nf  and  and  W  a  J 
new  rate  is  called  the  corrected  death-raU    "^^^^^^^^^  ^,Jto  an 

cally  the  expression  of  the  ^^^^  ^If  ^  .^^^^  ^n       hypothesis  that 

empirical  (arbitrary)  standard  and  Wales 

dearths  at  each  agerPenod  w-e  at  th^^^^^^^^^        >b  m  E  g  ^ 

during  the  decennium  1881-90,  ^he  a^^'^^f;^  ^gr  1000.  Owing  to  the 
Wales  during  that  period  ^^^"^'"^l^ll'l^l^^^^^^ 

proportions  of  persons  of  low  mortahty  }>^'^^^^l^^^^l  ^he  factor  for  their 
^^L^t:.r:r^^  ^rX^^^^o^  ^or  .st  year 
being  Norwich  and  Plymouth.  -^^^3^  ^3  the 

rates  per  1000  living  m  1899.   


Towns  in  the  order  of  their 
Corrected  Death-rates. 


Standard 
Death-rate. 


Cols. 


England  and  "Wales,  . 
England   and   Wales,  1 
leas  the  33  Towns,  J 


1. 


Pactor  for 
Correction 
for  Sex  and 
Age  Dis- 
tribution. 


Recorded 
Death-rate, 
1899. 


Corrected 
Death-rate, 
1899. 


Comparative 
Mortality 
Kigure, 
1899. 


less  the 
33  Towns, 
Oioydon, 
Norwich, 
Cardiff,  . 
"West  Ham, 
Derby,  .  ^ 
Hudderslield 
Bristol,  . 
Brighton, 
Leicester, 
Swansea, 
Portsmouth, 
Gateshead, 


19-15 
19-45 

17-  71 

18-  37 

19-  99 
17-16 
17-75 

17-  36 

16-  47 

18-  45 
18-94 

17-  64 

17-  53 

18-  73 
17-83 


1-0000 

0-  9845 

1-  0813 
1-0424 

0-  9579 

1-  1159 
1-0788 
1-1031 
1-1627 
1-0379 
1-0110 
1-0855 
1-0924 
1-0224 
1-0740 


3. 


18-33 

17-29 

20-19 
15-04 

17-  29 

15-  42 

16-  71 
16-93 

16-  19 

18-  25 
18-95 

17-  71 

18-  15 

19-  70 
18-79 


18-33 
17-02 

21-83 

15-  68 

16-  56 

17-  21 

18-  03 
18-68 
18-82 

18-  94 

19-  16 
19-22 

19-  83 

20-  14 
20-18 


5. 


1,000 
929 

1,191 

855 
903 
939 
984 
1,019 
1,027 
1,033 
1,045 
1.049 
1,082 
1,099 
1,101 
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Towns  in  the  order  of  their 
Corrected  Death-rates. 


Cols. 


Hull,  . 

Halifax, 

Birkenhead, 

London, 

Plymouth, 

Bradford, 

Leeds,  . 
Blackburn, 
Nottingham, 
Newcastle, 
Sunderland, 
Bolton,  . 
Burnley, 
Wolverhampt 
Birmingham, 
Oldham, 
Sheffield, 
Preston, . 
Salford,  . 
Manchester, 
Liverpool, 


on, 


Standard 
Death-rate. 


Pactor  for 
Correction 
for  Sex  and 
Age  Dis- 
tribution. 


1. 


18-  23 
17-20 
17-42 
17-97 

19-  70 

16-  73 

17-  28 
17-05 
17-81 

17-  58 

18-  25 
16-90 

16-  67 
18-30 

17-  33 

16-  72 

17-  22 
17-42 
17-03 

16-  90 

17-  44 


1-0504 
1-1133 
1-0993 
1-0656 

0-  9720 

1-  1446 
1-1082 
1-1231 
1-0752 
1  -0892 
1-0493 
1-1331 
1-1487 
1-0464 
1-1050 
1-1453 
1-1120 
1-0993 
1-1244 
1-1331 
1-0980 


Recorded 
Death-rate, 
1899. 


19-30 

18-  25 

19-  16 
19-78 
21-72 

18-  44 

19-  14 
19-13 

19-  99 

20-  56 

21-  48 
19-89 

19-  63 

21-  81 

20-  84 
20-47 

22-  16 

22-  84 

23-  80 

24-  61 
26-38 


Death-rate, 
1899. 

Comparative 
Mortality 
Figure, 
1899. 

4. 

5. 

20-27 

1,106 

20-32 

1,109 

21-06 

1,149 

21-08 

1,150 

21-11 

1,152 

21-11 

1,152 

21-21 

1,157 

21-48 

1,172 

21-49 

1,172 

22-39 

1,-221 

22-54 

1,230 

22-54 

1,230 
1,230 

22-55 

22-82 

1,245 

23-03 

1,256 

23-44 

1,279 

24-64 

1,344 

25-11 

1,370 

26-76 

1,460 

27-89 

1,522 

28-97 

1,580 

If  the  corrected  death-rate  in  each  town  be  compared  with  the  recorded 
death-rate  at  aU  ages  in  England  and  Wales,  taken  as  1000,  it  gives  a 
number  known  as  the  comparative  mortality  figure,  as  shown  in  the  last 
column  of  the  preceding  table.  These  figures  may  be  expressed  in  another 
way,  by  saymg  that  after  correction  has  been  made  for  differences  of  age 
and  sex  distribution,  the  same  number  of  people  that  gave  1000  deaths  in 
England  and  Wales  in  1899  gave  1049  in  Leicester,  1157  in  Leeds,  and 
id/U  m  i'reston  Or  we  can  say  that  in  1899  the  death-rate  for  the  whole 
ot  England  and  Wales  was  18-33;  and  the  recorded  death-rate  for  Black- 
Dum  :s  ly-ld,  with  its  factor  for  correction  as  1-1231.    Then  19-13  x  1-1231 

=  21-48  as  the  corrected  death-rate  for  Blackburn,  and         x  1000  =  1172 
a.      c         .  18"33 
as  Its  Sgure  of  comparative  mortality. 

Infantile  Mortality.-The  calculations  of  infant  and  child  mortalities 
aemand  special  remark;  particularly  as  it  is  by  no  means  uncommon  to 
ima  tH^  worked  out  on  the  population,  or  on  the  number  of  deaths  at  all 
a^es.  ihe  infantile  mortality  is  the  annual  number  of  deaths  of  infants 
™aer  one  year  of  age  to  every  thousand  births  during  the  same  year.  The 
greatest  care  should  be  given  to  child  mortality,  or  to  the  death-rate  of  those 
maer  nve  years  of  age,  as  it  constitutes  an  important  and  instructive  index 
Lt^o  f ^^^^  i^fa^tile  death-rate  or  proportion  of 
Wales  w!,«^  S  *°  registered  births  in  England  and 

Wales  was  160  in  1000,  and  was  therefore  higher  than  the  average  rate  in 
counHpf  ^^"^  ^^^'f  ^  ^  1000.  The  rate  differs  widely  in  different 
aSuTtntf    T^'  'A'  ^'''T^        ^"^"S  ^'-^^^  i«  l°^est  in  purely 

iSstn-p«  '  "'^^"g  those  with  textile 

e8DeS\  P^'*^  ^^"^  ^^""^^  ^^"""^  particular  have  been 

theTSn  '?P'^*^  ^^^y  ""'^  Fveston,  Blackburn,  and  Leicester, 

intantile  mortahty  of  which  during  the  ten  years  1884-93  has  been  229 
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215,  and  207  per  — 

years  1889-91.  ^^^^^^.^^  Mortality,  1889-91. 


Age. 


At  birtli, 

3  months, 
,,   6  „ 
..12  „ 


Of  100,000  born,  the  Numbers 
Surviving  at  each  Age. 

Annual  Death-rate  per  1000  living  In 
each  Buceesslve  interval  of  Age. 

Three 
Rural 
Counties. 

Five  Mining 
and  Manu- 
facturing 
Counties. 

Three 
Selected 
Towns. 

Three 
Rural 
Counties. 

rive  Mining 
and  Manu- 
facturing 
Counties. 

Three 
Selected 
Towns. 

100,000 
94,820 
93,068 
90,283 

100,000 
92,051 
88,574 
83,081 

100,000 
90,874 
85,574 
78,197 

213 
75 
61 

331 
154 
128 

382 
240 
180 

Tt  will  be  seen  from  these  Sgurea  how  high  is  the  mortality  >m™8 /"^^ 
IXtrTeSrerrhe^^OOOi^ thX*: in  each  case  out  of 

perience  -■'\";|^f  ^'^S;  y  3  more  partienlarly  influenced  by  the  pre- 
overlaying.  Infant  mo™'"J  '=  "  'demies  of  measles  or  whoopmg- 
.alenee      ep^-^j^d-*^^^^^  i^ply  a  high 

Sency  to  d'S?*  long  ^^^^ 
towns  that  have  a  low  general  death-iate   thus  Le  ces 
tile  death-rate  for  the  ten  p"\18M-93  of  SO,  per  1 

I,eath.rate.,-A  very  f-ciuent  ^^^^^^^  Ti,oloX 
statistics  is  made  in  "'^^'^^'''^S '^'Xrspoken  of  as  dJJates. 
tions  or  communities ;  these  into  account  the  proportion 

The  error  usually  arises  from  failing  to  take  , 

r^fLterhroS^ViZSt^Za^dhaverespeetively™^^^^^^^ 

of  22  and  16.  their  mean  or  combined  death-rate  would  be  or  1  • 

r  4-1,   fAwTiq  hive  42  000  iiiliabitants  and  the  other  lb,UW, 
But  suppose  one  of  J^^^.^^^^' ^^^^^^^  their  combined  death-rate  ^vlU 

.nd  1-ve  -sp-tivdy  th^^^^^^^^  ,3  follows 

then  not  be  the  mean  of  their  two  s  i  iooo  =  924  deaths. 

One  town  of  42,000  people  with  a  death-rate  of  22  V^r  1000 ^^^^ 

 18,000  ,.   

■  ,     .  1212  deaths. 

or  60,000  people  give 

1212  X  1000^20-2,  the  true  combined  death-rate  per  lUOU. 
*°  ""60,060 
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Influence  of  Birth-rate  on  Death-rate.— With  regard  to  the  influence  of 
the  birth-rate  upon  the  death-rate  much  controversy  has  prevailed.    To  a 
gi-eat  extent  this  has  been  unnecessary,  and  has  arisen  from  a  misconception 
as  to  the  true  meaning  of  the  relation  between  the  birth  and  death  rates. 
Practically,  the  birth-rate  aff"ects  the  death-rate  only  in  so  far  as  it  alters  the 
age  constitution  of  the  population.    If  we  imagine  a  population  in  which 
there  has  been  a  high  birth-rate  for  one  or  more  years,  it  is  clear  such  must 
contam  a  larger  proportion  than  usual  of  young  cliildren,  and  inasmuch  as 
the  death-rate  of  young  children  is  higher  than  that  of  all  others  except  the 
aged,  the  general  death-rate  of  that  population  will  be  raised;  but  this  con- 
dition is  to  a  large  extent  counterbalanced  by  the  fact  that  a  high  birth- 
rate imphes  the  presence  in  that  particular  population  of  a  large  propor- 
tion of  persons  of  the  childbearing  age,  that  is,  of  an  age-period  when  the 
mortahty  is  unusuaUy  low.    So,  again,  if  the  high  birth-rate  be  continued 
tor  any  length  of  years,  it  means  not  only  a  large  proportion  of  children 
and  of  persons  at  reproductive  ages,  but  also  of  young  adults,  among  whom 
a  low  rate  of  mortality  also  prevails.    In  the  same  way  a  continuously  low 
bn-th-rate  may  bring  about  a  low  death-rate.    A  striking  illustration  of  this 
kind  is  afi-orded  by  the  case  of  Aston  Manor,  which  enjoys  a  very  low  death- 
rate,  and  where  the  age  constitution  of  the  population  per  1000  at  the  last 
two  censuses  was  as  follows  : — 


Age-Periods,  .... 

0-5. 

5-10. 

10-15. 

15-26. 

25-35. 

35-45. 

45-55. 

Over  55. 

Census  of  1881, 
1891, 

157 
127 

131 
123 

no 

119 

191 
204 

156 
162 

113 
113 

74 

68 

68 
74 

In  this  town  the  enormous  reduction  in  the  child  population,  and  relative 
mcrease  of  ages  between  fifteen  and  thirty-five  or  those  of  lower  mortality  k 
wholly  due  to  a  contmuous  decline  in  the  birth-rate  during  the  last  fifteen 
years,  ^^ch  has  shown  itseH  in  a  reduced  death-rate,  and  more  palpab  y 
m  the  fact  Jh^t  though  the  population  has  increased  between  1881^  and 

ieen  stZnarv  k°  f'T'  l^'  '^'"^'"^  ^^^^^^  accommodation  has 
been  stationary.  Thus  far  the  change  m  the  constitution  of  the  population 
has  had  an  apparently  avourable  influence  on  the  death-rate,  but,^K  con^ 
of  al  nTlT  f  n  '""^.^f^  *°  accumulation  of  persons  over  fort^-five  yea^s 
1 1;  f  foUowed  by  a  steady  rise  in  the  death-rate,  however  excellent 
liU  be  *r  >  ^^^^       alithorities  doubtlei 

«  corLctedT' now  unwilling  to  have  the  recorded  death-rate 

onelH.wr^r''°'n°^       birth-rate  upon  the  death-rate,  therefore,  is  not 
rate       .  I    K  v  "jf  f^P^^f     as  a  low  birth-rate  causing  a  low  death- 
avera'e  a  J^f  n  nf  Tt  ^"'^'"'^^  I         ^.e^t^^-mt.,  but  rtther  that  the 
P    .ri^°^  death-rate,  and  that  the  lower  tho 

mean  age  of  the  hvmg,  the  lower  should  be  the  death-rate,  and,  by  inference 
aat  the  death-rate  really  controls  the  birth-rate,  because  he  lowlr  it?s  the 
Sd  n.T'  ""l}^'"'  ^^^^g  ^  I^^g«  proportion  of  persons  at  the 

rea  2w    ''"^  T''    "  ^  ^'^^  death-rate  follows  a  high  birXrate  it 
JSeTon  lV"¥'^' "^'"^^^^^  ^^^'-^^^^il^  mortality;  very  often  Tow  death 
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j2itt:ri:™^W~upied  breach  person  in  the  pop«laUon 
"  '  The  ioUo^ing  table  gives  an  example  of  both  these  methods 


1851-60. 

1861-70. 

1871-80. 

1881-90. 

Death-rate  per  1000,        .       •  • 
Persons  to  a  square  mile,  •  • 
Acres  to  a  person  (mean  density), 

22-2 
325-0 
1-9 

22-5 
365-0 
1-7 

21-4 

416-0 
1-5 

19-1 
470-0 
1-3 

If  area  =A,  and  population  =  P, 
Then  -  =  D  =  mean  population  on  each  unit  of  area  ; 
A 

And  ^=inean  area  to  each  person. 

The  Zi  of  space  in  the  first  method  is  taken  to  be  a  mile  ;  in  the  second 
ThlSSase  of  density  of  population  in  this  country  at  each 
successive  census  is  shown  in  the  following  table  :- 


Date  of  Census,  . 

1801. 

1811. 

1821. 

1831. 

1841. 

1851. 

1861. 

1871. 

1881. 

1891. 

Persons  per  square  mile, 
Acres  per  person,  . 

153 
4-20 

174 
3-67 

206 
3-11 

238 
2-69 

273 
2-34 

307 
2-08 

344 
1-86 

390 
1-64 

445 
1-44 

499 
1-29 

The  late  Dr  Farr  found  that  the  — ^^^^^^^^^  Jrlxth 
a  population;  not  in  direct  P/^P^^^^^  as  many 

root.  This  rule,  however,  is  f  7^^^!^^^^^^^^^  ^o  Ogle,  this  influence  of 
variable  condit„^^^  ^^  ^^^^^  than  four  hundred 

density  does  not  affect  the  ^^^^^f  ,  t^e  number  of  persons  per 

persons  to  the  square  mile.    ^^^'J^,^' ^^^^  ^i^ows  that  in  1890  the 

?oom  as  the  most  ^^^'"^^^^  Buildings,  with  a 

vital  statistics  of  the  20,374  i^^^'^^J;'  ^^^^^     ,^ith  those  of  London 

"■•STSe  of  building  ba.k  to  back  house.  ^^^^ 

and  LanLhire.  ^^\^^\r::Zj°'^:Stn:  tT^^.'^'^  well 

very  clearly  the  evd  effects  ot  crowaui^  p  f  Government 
siftid  by  the  reports  of  Barry  and  filth  conditions, 

Board  in  1888.    I^'^'^^^f '^/.T^.^L'f /.^^^^^^^^^^  accident,  and  other 

to  the  more  rapid  spread  of  ^^^f       ."J^.';^^^^  and  occupation.    It  is 

evil  conditions,  the  outcome  of  co-existent  po>erty 
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■probably  by  and  through  these,  rather  than  from  mere  overcrowding,  that 
'density  of  population  in  any  way  influences  the  death-rate  of  a  community. 

Urban  and  Eural  MortaHty.— Closely  connected  with  the  influence  of 
density  of  population  upon  mortality  is  the  question  of  the  respective  death- 
■  rates  in  urban  and  rural  districts.  The  following  table  gives  the  death-rates 
for  town  and  country  districts.  • 

The  death-rate  is  evidently  diminishing  in  both  urban  and  rural  areas, 

•  but  more  rapidly  in  the  former  than  in  the  latter,  so  that  the  difference 
between  them  grows  less.  Between  1861-60  and  1898  the  urban  death- 
rate  has  decKned  25-9  per  cent,  (from  24-7  to  18-3  per  1000)  and  the  rural 
death-rate  19-6  per  cent,  (from  19-9  to  16  per  1000).  This  does  not, 
however,  represent  the  exact  facts,  as  only  crude  death-rates  have  been  used 
in  comparison,  and  these  overstate  the  mortality  of  healthy  districts  and 
understate  that  of  unhealthy  districts  (Newsholme).  The  increased  excess 
of  tJie  urban  over  the  rural  death-rate  in  1893,  as  compared  with  the  rates 
m  1891  and  1892,  was  m  part  due  to  the  high  mortality  from  diarrhoea, 

•  a  disease  affectmg  town  m  greater  degree  than  country  populations.  The 
rates  m  1891  and  1892,  however,  in  the  rural  districts  had  been  unusu- 

.aUy  high,  doubtless  on  account  of  epidemic  influenza,  thus  reducing  the 
difference  between  the  urban  and  rural  rates,  so  that  in  1893  the  ratio 
of  urban  to  rural  mortaUty  only  reverted  to  its  normal  figure. 

Death-rates  in  Town  and  Country  Districts,  1851-98. 


Year. 


1851-60 
1861-70 
1871-80 
1881-90 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 


Persons  to  a 
Square  Mile  in 
England  and 
Wales. 


Annual  Deaths  to  1000  Persons  living  in 


England  and 
Wales. 


325 
365 
416 
470 
499 
504 
510 
516 
521 
527 
533 
539 


22-2 
22-5 
21-4 

19-  1 

20-  2 
19-0 
19-2 

16-  6 
18-7 

17-  1 
17-4 
17-6 


Town  Districts. 


Country 
Districts. 


24-7 
24-8 


23 

20 

21 

19 

20 

17 

19 

18-0 

18-2 

18-3 


19-9 
19-7 
19-0 

17-  3 
18'5 

18-  1 
17-4 
15-6 
17-0 
15-3 

15-  8 

16-  0 


Deaths  in  Town 
Districts  to  100 
Deaths  in  Country 
Districts,  in  equal 
Numbers  living. 


124 
126 
122 
117 
114 
108 
116 
110 
115 
118 
115 
114 


As  Newshohne  has  pointed  out,  the  true  difference  between  urban  and 
rural  mortality  IS  greater  than  is  shown  in  the  preceding  table,  if  due  aUow- 
ance  be  made  for  age  and  sex  distribution.  There  is  in  the  town  districts  a 
much  larger  proportion  of  females,  a  larger  proportion  of  adults  of  both  sexes 
^Th.i^r'  r  if'        I  '"^^^'^  proportion  of  very  aged  persons, 

towirw  ^  counterbalancing  influence  of  a  large  number  of  infants  in 
Vouna\rlnV!  1  f^^^/ave  already  seen,  are  followed  by  an  increase  of 
young  adults  and,  therefore,  apart  from  any  excess  of  infant  mortality,  ought 
not  to  raise  the  general  death-rate."    It  is  chiefly  after  density  has  reached 

Is  oSrnoin^'f  1  ''^^r'''''fV'  '^S^^^  ''''''  appreciable  effect 
AS  Ugle  points  out :  "In  crowded  communities  it  may  be  a  matter  of  vital 

SoTa  1''^"  ''''       '''''  -  20'00,  or  more  ^erlons 

uvmg  on  a  square  mile,  yet  it  can  scarcely  make  any  difference,  as  far  as 
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health  Roes,  whether  in  rural  districts  there  be  two  acres  or  three  acres  on 
an  average  to  each  inhabitant.  The  differences  in  the  death-rates  m  these 
sparse  populations  are  determined  by  other  conditions  than  aggregation 
The  extent  of  the  correction  required  on  these  accounts  may  be  gathered 
from  an  example.  In  1893  the  urban  death-rate  was  20-2  ;  the  rural  death- 
rate  17-4  Owing,  however,  to  the  great  differences  of  age  and  sex  dis- 
tribution of  the  respective  populations,  the  urban  death-rate  ought,  ^ifl^ /q^ai 
healthiness,  to  have  been  nearly  12  per  cent,  lower  than  the  rural  death- 
rate,  instead  of  being,  as  it  was,  16  per  cent,  above  it.  The  figures  for 
1898  are  much  more  satisfactory.  -,     i     x  ^ 

Causes  of  Death.— It  is  not  sufacient  to  know  the  death-rate  ot  a  com- 
munitv  •  it  is  necessary  to  know  and  inquire  what  rates  the  different  causes 
of  death  give  when  the  deaths  are  distributed  to  their  several  classes 
Although  the  death-rates  obtained  from  registrars  are  prmcipaUy  derived 
from  certificates  signed  by  either  doctors  or  coroners,  and,  as  such,  should 
oe  clear  statements  of  the  precise  cause  of  death,  still  even  now  the  cause  of 
death  in  many  cases  is  both  vague  and  ill-defined.  Each  year,  however 
•  shows  improvement  in  this  direction,  with  the  result  that  the  registration  of 
"causes  of  death  is  becoming  more  and  more  accurate  ajid  complete  borne 
Sea  of  the  mortality  in  England  and  Wales  from  the  several  classes  of 
diseases  during  the  last  few  years  will  be  gathered  from  the  f oUowing  table 


Causes  of  Death. 


Zymotic  diseases,  . 
Parasitic  diseases,  . 
Dietetic  diseases,  . 
Constitutional  diseases. 
Local  diseases, 
Violence, , 

Developmental  diseases. 
Ill-defined     and  not) 
specified  causes,  .  .1. 


Eate  per  Thousand  living. 


1889.    1890.    1891.  1892, 


All  causes, 


2-  456 
0-024 
0-067 

3-  223 
9-394 

0-  614 

1-  550 

0-893 


18-221 


2-  541 
0-024 
0-081 

3-  374 
10-364 

0-  653 

1-  611 

0-900 


19-548 


2-  706 
0-023 
0  083 

3-  339 
10-807 

0-  670 

1-  690 

0-899 


1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

2-  785 
0-021 
0-079 

3-  168 
9-801 

0-  651 

1-  624 

3-165 
0-020 
0-088 
3-210 
9-536 

0-  675 

1-  593 

2-  257 
0-015 
0-071 

3-  015 
8-427 

0-  638 

1-  462 

2-  822 
0-017 
0-079 

3-  169 
9-433 

0-  680 

1-  678 

2-  549 
0-014 
0-083 

3-  001 
8-536 

0-  643 

1-  536 

2-  591 
0-012 
0-090 

3-  067 
8-651 

0-  664 

1-  613 

2-  761 
0-012 
0-092 

3-  066 
8-652 

0-  646 

1-  620 

0-853 

0-883 

0-709 

0-849 

0-739 

0-748 

0-737 

18-982 

19-170 

16-594 

[18-727 

17-101 

17-436 

17-586 

1 

Some  of  these  crroups  of  causes  of  death  are  deserving  of  closer  analysis. 
Ir^ml^  r^^LU  or  death-rate  from  special  febri  e  diseases  is  an 

'S?r;ii'^7tr;«otic  de.«wate  has  shown  ^^^^^^^^ 

in  1898,  J  England  a„d  f J^liry^^I^^^^^^^^  abt  to  get 
the  best  endeavours  of  sanitarians  in  this  country  lla^  e  no.. 
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the  death-rates  of  the  chief  diseases  of  tliis  class  below  the  following  rates 
per  1000  living : — 


Zymotic  Diseases. 


Small-pox,  . 
Measles, 
Scarlet  fever, 
Typhus, 
Enteric  fever, 
Simple  continued  fever, 
Whooping-cough, 
Diphtheria,  . 
Cholera, 
Diarrhoea,  . 
Influenza,  . 
Erysipelas,  . 
Puerperal  fever, 


1889. 

1  1890. 

i 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

0-001 

0-001 

0-002 

0-015 

0-049 

0-027 

0-007 

0-018 

0-001 

0-008 

0-518 

0-439 

0-436 

0-460 

0-347 

0-391 

0-378 

0-572 

0-409 

0-421 

0-235 

0-242 

0-171 

0-190 

0-235 

U  JLD* 

u  X4y 

U  lid 

0-005 

0-005 

0-006 

0-003 

0-005 

0-004 

0-002 

0-002 

0-002 

0-001 

0-176 

0-179 

0-168 

0-137 

0-229 

0-159 

0-175 

0-166 

9-156 

0-183 

0-015 

0  013 

0-011 

0-008 

0-009 

0-007 

0-005 

0-005 

0-004 

0-004 

0-430 

0-478 

0-468 

0-455 

0-342 

0-411 

0-316 

0-431 

0-368 

0-324 

0-189 

0-179 

0-173 

0-222 

0-318 

0-292 

0-260 

0-292 

0-246 

0-244 

0-012 

0-014 

0-011 

0-150 

0-045 

0-008 

0-028 

0-018 

0-031 

0-035 

0-648 

0-606 

0-469 

0-505 

0-954 

0-350 

0-874 

0-546 

0-840 

0-923 

0-002 

0-159 

0-574 

0-534 

0-325 

0-220 

0-424 

0-122 

0-196 

0-331 

0-043 

0-048 

0-043 

0  050 

0-065 

0-045 

0-036 

0-036 

0-033 

0-031 

0-065 

0-068 

0-068 

0-080 

0-102 

0-072 

0-061 

0-067 

0-059 

0-054 

Of  the  so-called  Parasitic  Diseases  the  greater  number  are  attributed  in 
the  Eegistrar-General's  returns  to  thrush.  The  deaths  from  diseases  of  this 
class  m  1898  were  fewer  than  in  any  previous  year  on  record.  The  deaths 
due  to  Dietetic  Diseases  are  mainly  the  result  of  intemperance,  and  returned 
under  the  head  of  Alcoholism.  The  annual  death-rates  per  1000  living 
from  the  chief  causes  of  death,  other  than  the  zymotic,  in  England  and 
Wales,  during  recent  years  are  given  in  the  preceding  table. 


Causes  of  Death. 


Thrush, 
Alcoholism,  . 
Rheumatic  fever, 
Rheumatism, 
Cancer, 
Phthisis, 
Diabetes, 

Convulsions,  .  _ 
Diseases  of  nervous  system,  ! 
Diseases  of  circulatory  system,  . 
Diseases  of  respiratory  system,  . 
Croup,  ... 
Dentition,  . 

Diseases  of  liver,     !        .*  \ 
Other  digestive  diseases,  '. 
Diseases  of  urinary  system. 
Diseases  of  parturition,  . 
Diseases  of  organs  of  locomotion' 
Diseases  of  skin, 
Accident  and  negligence,  . 
Homicide, 

Suicide,  .!.'.' 
ni-defliied  causes,  .  ] 


1889. 


0-019 
0-055 
0-079 
0-032 

0-  656 

1-  573 
0-062 

0-  756 

1-  715 
1-664 
3-309 
0-114 
0-153 
0-311 
0-630 
0-441 
0-061 
0-084 
0-059 
0-52S 
0-010 
0-076 
0-893 


1890. 


0-019 
0-070 
0-084 
0-033 

0-  676 

1-  682 
0-065 

0-  749 

1-  745 
1-757 
4-120 

0-  109 

1-  158 
0-302 
0-652 
0-451 
0-080 
0-079 
0-062 
0-565 
0-010 
0-077 
0-900 


1891. 


0-018 
0-071 
0-088 
0-037 

0-  692 

1-  599 
0-066 

0-  763 

1-  748 
1-826 
4-474 
0-091 
0160 
0-294 
0-651 
0-468 
0-097 
0-075 
0-063 
0-574 
0-011 
0-085 
0-899 


1892. 


0-016 
0-063 
0  086 
0-037 

0-  690 

1-  468 
0-068 

0-  701 

1-  622 
1-684 
3-884 
0-076 
0-144 
0-274 
0-641 
0-449 
0-097 
0-065 
0-066 
0-553 
0  010 
0-088 
0-853 


1893. 

1894. 

1895. 

1896. 

1S97. 

1898. 

0-015 

0-011 

0-013 

0-011 

0-008 

0-009 

0-073 

0  061 

0-068 

0-068 

0-077 

0-079 

0-104 

0-088 

0-074 

0-087 

0-081 

0-077 

0-030 

0-027 

0-029 

0  028 

0  029 

0-029 

0-711 

0-713 

0-755 

0-764 

0-787 

0-802 

1-468 

1-385 

1-398 

1-307 

1-341 

1-317 

0-070 

0-068 

0-075 

0  074 

0-078 

0-082 

0-701 

0-603 

0-674 

0-596 

0-592 

0-579 

1-612 

1-447 

1-571 

1-470 

1-491 

2-060 

1-630 

1-556 

1-688 

1-570 

1-611 

1-602 

3-536 

3-078 

3-527 

3-034 

2-953 

2-919 

0-071 

0  058 

0-054 

0-051 

0-035 

0-027 

1-136 

0-118 

0-138 

0-121 

0-120 

0-113 

0-276 

0-250 

0-264 

0-269 

0-252 

0-248 

0-792 

0-639 

0-804 

0-785 

0-871 

1-068 

0-451 

0-431 

0-464 

0-444 

0-461 

0-465 

0-098 

0-087 

0-078 

0-081 

0-077 

0-075 

0-060 

0-056 

0-056 

0-051 

0-050 

0-044 

0-068 

0-061 

0-064 

0-061 

0-062 

0-062 

0-576 

0-537 

0-578 

0-546 

0-565 

0-544 

0-011 

0-010 

0-010 

0-010 

0-009 

0-010 

0-087 

0-091 

0-092 

0-086 

0-090 

0-092 

0-883 

0-711 

0-849 

0-739 

0-748 

0-737 

A\J     foregoing  tables  indicate  that,  in  regard  to  certain  well-defined 

;  diseases,  the  death-rate  has  changed  in  the  direction  of  increase  or  decrease. 

.  ine  increase  m  mortality  is  manifest  in  respect  of  cancer,  diabetes,  diarrhoea, 
muenza,  and  suicide.  Measles  and  whooping-cough  show  a  high  average 
mortahty,  wxth  httle  tendency  to  decrease,  but  these  diseases  have  no 
aemonstrated  re  ation  to  insanitary  conditions,  and  as  yet  have  not  been 

■  seriously  combated  either  by  hospital  isolation  or  disinfection, 
continuprr'  ^%^^^if««fci\the  mortality  from  scarlet  fever,  typhus,  simple 
The  rp?  f  P^'*^^^'^''  convulsions,  croup,  and  ill-defined  causes. 

:iZrrved  ^^^^  mainly  attributable  to 

Sna.An  1       iT;-  "^"^  undoubtedly  lessened  by  better 

•  tl  e  Sr   7^*^^^*^°"'       improved  diagnosis  is  probably  responsible  for 

The  S  ''''''  '^^'g^^y  respiratory  diseases, 

^^e  gradual  disappearance  of  simple  continued  fever,  croup,  convulsions, 
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and  ill-defined  diseases  as  causes  of  death  may  be  explained  by  better 
diagnosis  and  better  certification,  but  nearly  all  these  cases  have  involved 
transference  to  other  headings,  and  are  not  true  reductions  m  mortality 

Other  influences  which  have  an  important  bearing  upon  the  mortality  ot 
certain  diseases  are  sex,  age,  and  occupation.  The  mortality  among  women 
appears  to  be  higher  than  among  men  for  such  diseases  as  rheumatism, 
anemia,  chlorosis,  erysipelas;  while  for  affections  connected  with  childbirth, 
it  is  of  course,  limited  to  the  female  sex.  On  the  other  hand,  men  die 
more  than  women  when  affected  with  such  diseases  as  syphilis,  diabetes, 
rickets,  typhus,  meningitis,  and  hydrophobia. 

The  influence  of  age  upon  mortality  rates  is  very  marked  m  certain 
diseases.  Thus,  phthisis  or  consumption  is  at  its  lowest  prevalence  between 
the  ages  of  5  and  12,  but  increases  up  to  47  years  of  age,  aftej  which  it 
lessens.  Small-pox  mortality  is  highest  in  the  first  and  twenty-fifth  years 
while  diarrhoea,  whooping-cough,  measles,  and  diphtheria  all  have  their  Inghest 

death-rates  during  the  first  few  years  of  life.  Cancer  is  a  disease  which 
appears  rarely  to  affect  the  young,  but  tends  to  increase  after  28  years  ot 
acre.  Diseases  connected  with  the  heart  and  circulatory  system  increase  m 
their  mortality  rates  from  birth  upwards.  The  total  death-rate  and  the 
death-rates  from  affections  of  the  nervous  system  lungs  and  bladder  all 
appear  to  be  at  their  lowest  between  the  tenth  and  fifteenth  years  of  hfe 

Occupation.-The  investigations  of  Ogle  and  Arhdge  and  more  recently 
those  of  Tatham,  have  thrown  considerable  hght  upon  the  influence  ^^ch 
occupation  has  upon  mortality.    Some  callings  are  much  "^^^J^^o^^^^J^ 
to  health  than  Others;  some  again,  while  being  ^^^^^^^  ^WMef 
dangerous  from  the  explosive  nature  of  the  materials  employed.  T^^^^f 
circumstances  which  render  certain  employments  more  or  less  hurtful  to 
health  are  :  bad  ventilation  and  overcrowding  of  work-rooms;  exposure  to 
weather,  or  extremes  of  heat  and  cold;  inhalations  of 
metallic  mineral  and  organic  dust ;  overstrain  and  mental  anxiety  also 
Smptations  to  intemperate  habits.    Many  difficulties  and  fallacies  underhe 
all  c^omparative  statistics  of  class  mortalities  ^^-^/^^  f  oueTtion 
for  the  age  at  which  such  employments  are  followed,  as  well  ^«  ^he  ques  o^ 
of  the  class  of  person  actually  engaged,  and  the  ^^P^^^^^^^  ^^^'J^^^^^^ 
ing  between  employer  and  employed.    Thus,  a        h-rate  of  10  p^^^^^ 
amon<^  factorv  ^irls  aged  15-25  in  a  to^vn  where  the  general  death-rate  was 
^rwould  be  veiT  high^  since  that  for  females  at  that  age-period  is  about  5. 
iir^ilntZ'is  sufficient  when,  in  the  absence  of  anyt  x^g  s^eciaUy 
favourable  to  health  in  the  occupation,  any  excessive  ^^''^^J ^^^^\^^, 
ascribed  to  insanitary  surroundings  or  irregular  habits.    As  Fan  says,  it 
would  be  obviously'unfair  to  expect  that  aU  .^-^J  .^^f^  ^  \Xea^^^^ 
eouallv  healthy  ;  and  when  a  certain  amount  of  danger  to  life  o^^^^^^^f;^, 
X  ilunatfd:able,tl^^  death-rate  should  also  be 

some  other  group  of  workers  in  the  same  or  similar  industry,  thus  „mn, 

^-^"^liZS^:^^^^^^  of  an  occupation,  may  be 
obsct?rby"t\hat  those  ^10  follow ^^^^^^^^^^^^^ 
start  on  equal  terms  as  regards  health.    A  weak,  ^^^^  ^^^,,,,,1- 
a  navvy,  but  a  tailor  or  shopman  by  preference.    The  occupati^^^^^^ 
ing  great  muscular  strength  and  activity   0  some  ^^t^/^^'  ^^^^^^^^^^^^^^ 
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1  by  marriage  they  cease  to  be  self-supporting ;  consequently,  the  mean  age  at 
death  of  female  clerks,  domestic  servants,  and  shop  assistants  is  valueless. 
1  To  give  that  of  ladies'  maids  as  36  and  of  nurses  as  60,  or  to  say  that  the 
rmean  age  at  death  of  a  judge  is  68  and  that  of  a  solicitor  is  50,  is  merely  an 
a  abuse  of  statistics. 

The  following  table  shoAvs  the  comparative  mortality  and  death-rates, 
;ias  gathered  fromTatham's  figures  for  the  years  1890-92,  vrhich  is  the  latest 
f period  for  which  an  analysis  has  been  made. 


Occupation. 


Ages. 


Clergyman,  priest,  minister,  . 
Barristers,  solicitors, 
Physician,  surgeon,  general  practitioner 
Commercial  traveller. 
Carman,  carrier, 

Bargeman,  lighterman,  waterman, 
Farmer,  grazier,  farmer's  son,  . 
Agricultural  labourer. 
Fisherman,  ..... 
Innkeeper,  publican,  spirit,  wine,  and 

beer  dealer,  .... 
Innkeeper,  servant,  etc.,. 
Grocer,  etc.,  .... 
General  shopkeeper. 

Printer,  

Butcher,  .... 
Corn  miller,  .... 

Hatter,  

Baker,  confectioner, 

Tailor  

Hairdresser,  .... 
Shoemaker,  .... 
Tanner,  fellmonger, 
Tool,  scissor,  file,  saw,  needle  maker 

Currier,  etc.,  

Blacksmith,  whitesmith, 
Copper,  lead,  tin,  zinc,  etc.,  dealer  and 

worker  

Bricklayer,  mason,  builder, 
Carpenter,  joiner,  . 
Phimber,  painter,  glazier, 
Wool,  worsted  manufacturer  (West  Biding") 
Cotton,   flax,  linen  manufacturer  (Lan 

cashire),  

Wool,  silk,  cotton,  etc.,  dyer,  printer, 

rotter,  earthenware,  etc.,  manufacturer. 

Coal  miners,  . 

Tin  miner, 

Glass  manufacturer, 


Com- 
parative 


25 
X  cms. 

35 
Years. 

45 
Years. 

55 
Years. 

Mortality 
Figure. 

4-86 

4-23 

5-18 

533 

5-32 

10-67 

17-72 

821 

6-69 

14-92 

21-04 

966 

6  09 

12-62 

21-41 

39-28 

961 

9*31 

16 '82 

28-01 

fiO-44 

1284 

9-94 

16-71 

24-44 

44-1  7 
1^  J.  / 

1199 

4-29 

7-03 

11-20 

23-97 

563 

5-54 

9-14 

13-56 

24-83 

666 

9-13 

10-60 

18-61 

25-65 

845 

15-21 

23 -32 

34-84 

1642 

15-06 

24-52 

35-24 

52-68 

1659 

5-40 

8-62 

14-34 

24-92 

664 

8-89 

14-03 

19-92 

32-59 

973 

9-10 

14-40 

21  -56 

1096 

7-53 

15'66 

22-65 

4<?  -99 

rtO  Oil 

1096 

5-07 

9-33 

18'90 

00  00 

6-96 

15-35 

4^?  -00 

n  no 

6-49 

11-00 

.10 

Q9n 

6-86 

13-67 

21-98 

37-59 

989 

9-41 

15-01 

'HQ 

oy  \jo 

7-66 

11-35 

19-85 

35-25 

920 

6-78 

6-40 

18-69 

32-78 

756 

8-36 

18-38 

32-93 

57-52 

1412 

6-79 

12-67 

22-16 

40-62 

998 

5-80 

10-81 

20-74 

39-45 

914 

7-43 

13-98 

24-55 

46-02 

1123 

6-55 

13-45 

22-04 

40-23 

1001 

5-78 

9-36 

17-19 

32-15 

783 

7-04 

14-79 

25-13 

45-58 

1120 

6-99 

11-99 

20-58 

43-76 

996 

7-13 

13-38 

25-11 

55-06 

1176 

10-90 

16-14 

28-05 

57-95 

1370 

8-19 

19-58 

42-97 

75-13 

1706 

6-29 

9-63 

19-42 

43-79 

935 

8-06 

14-32 

33-20 

66-09 

1409 

11-32 

17-88 

32-14 

60-79 

904 

^g^^^  is  derived  in  this  way.    During  the 
ars  1890,  1891  and  1892,  1000  deaths  occurred  annually  among  61,215  men 

ensuTnf  f«Qi"?T,  ^S'-  men  aged  25-65,  at  the 

ciisus  01  lo91  there  were: — 


22,586  in  the  ace  erouT), 
17,418  „  °  ^' 
12,885 

8.326  :: 


25-35  years 
35-45  „ 
45-55 
55-65  ,. 
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By  applying  to  these  four  numbers  the  corresponding  rates  of  mortality 
for  any  occupation,  the  number  of  deaths  is  ascertained  which  would  occur 
amono'  61,215  men  engaged  in  that  occupation.  This  number  is  the  com- 
parative mortality  figure.  Thus  in  the  case  of  clergymen,  the  age  group 
25-35  years,  with  a  death-rate  of  4-23,  yielded  95-53  deaths;  the  age  group 
35-45  with  a  death-rate  of  5-18,  yielded  90-22  deaths ;  the  age  group  45-55, 
with  a  death-rate  of  10-52,  yielded  135-55  deaths;  the  age  group  55-65 
with  a  death-rate  25-35,  yielded  211-06  deaths;  consequently  the  total 
deaths  in  the  population  of  61,215  men,  distributed  as  above,  were5d2-^b, 
viz.,  there  were  532-26  deaths  as  compared  with  1000  deaths,  the  general 
male  mortality  in  the  same  population  with  identical  distribution. 

Inn-servants,  inn-keepers,  and  brewers  all  have  an  excessive  mortality, 
chiefly  due  to  intemperance,  but  a  large  proportion  of  this  class  must  be  ot 
temperate  habits,  as  the  comparative  mortality  figure  for  recognised  intem- 
perate persons  is,  according  to  Neison,  3240.  Publicans  and  mn-keepers 
show  also  the  highest  mortality  from  gout  and  urinary  diseases,  with  tne 
exception  of  occupations  dealing  with  lead.  Plumbism  as  well  as  alcohohsm 
would  appear  to  be  a  cause  of  some  forms  of  heart  disease,  as  diseases  ot 
the  circulatory  system  are  most  fatal  among  brewers,  pubhcans,  coster- 
mongers,  cabmen,  fishermen,  painters,  plumbers,  filemakers,  and  potters. 
Nervous  diseases  give  rise  to  a  high  mortality  among  those  addicted  t 
intemperance,  and  appear  to  be  most  fatal  in  the  same  occupations  as  ar 
associated  with  a  marked  mortality  from  alcoholism.  The  same  is  the  cas 
with  diseases  of  the  liver,  while  suicide  also  has  a  fairly  close  relation  t 

intemperance.  ^  .  .        ,      ^  +y, 

Respiratory  diseases,  especially  phthisis,  cause  a  high  mortahty  among  th 
debilitated,  and  those  exposed  to  the  weather,  to  impure  air,  and  to  certa 
forms  of  dust.    For  these  reasons  we  find  a  high  mortahty  figure  amon 
costermongers,  taUors,  drapers,  cutlers,  filemakers,  potters  printers,  woo 
and  cotton  workers,  and  in  some  miners,  such  as  the  Cornish  ^J^^^^- 
miners,  as  ,a  class,  have  a  relatively  low  mortality  figure  P^bablj  due  t 
the  fact  that  coal  mines  are  well  ventilated,  and  that  the  ^^^ture  of  th 
employment  excludes  weakly  persons.    Lead-poisonmg  is  P^^^^^^i^^^^ 
printers,  earthenware  makers,  painters,  plumbers  g  az^^^^         w  ren 
The  two  latter  caUings  show  also  an  extremely  high  f  ^^^^^  f''', 

diseases.  The  high  mortality  of  printers  is  due  less  to  plumbism  th.n 
phthisis.  Butchers  show  a  high  mortality,  which  is  apparently  da  e  t 
excessive  indulgence;  the  same  remark  apphes  to  commercial  travellers 
4he  sho^keepei^class^iave  a  relatively  low  mortality ;  among  them  grocer 
suffer  much  less  than  drapers  from  phthisis  and  respiratory  disea  ej  bu 
more  from  diseases  of  the  circulation,  and  shght ly  more  f-J^^l.^ ^^^^^^^^ 
c^uicide  The  clergy  enjoy  the  lowest  mortality,  being  closely  Pf  ssed  i 
h  respect  bj  g^r^deneU  farmers,  and  agricultural  labou^^^^^^^^^ 
nnriPar  to  suffer  much  from  phthisis  and  respiratory  diseases  J^armers  nav 
:rm"ewhat~ortality  f^om  gou,  alcoholism,  and  Hver  d-a^- Jf^ 
men  appear  to  have  a  low  mortality  from  diseases  of  the  nervous 
resniratorv  systems,  but  suffer  largely  from  accidents. 

Sckiess  Rates  --Our  information  on  this  point  is  somewhat  unsati 
facto^rthfSeriab  are  wanting  for ,  a .  complete  st.dy  of  t^amount^^ 
tllTiP.-f  in  the  community.    What  statistical  evidence  we  have  is  drawi 

population.    The  following  figures  have  been  obtained  tiom,  ana 
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tupon,  the  experience  of  certain  friendly  societies,  more  particularly  the 
>Manch ester  Unity  of  Oddfellows  and  the  Foresters. 

These  figures  indicate  that  after  mid-life  the  average  duration  of  each 
iiillness  increases,  and  with  it  the  "  expectation  of  sickness  "  and  the  propor- 
i:tion  of  number  of  cases  of  illness  to  each  death.  On  the  basis  of  these 
ddata  it  may  be  calculated  that,  inasmuch  as  in  1897  there  were  in  England 
i.and  Wales  541,487  deaths,  there  wexe  1,598,882  constant  sufferers  from 
isickness,  and  nearly  2,000,000  sufferers  from  such  illness  as  would  require 
umedical  relief,  or  throw  the  members  of  friendly  societies  on  their  funds. 
TThe  economical  loss  to  the  community  represented  by  this  amount  of  sick- 
aness  is  enormous  ;  and,  assuming  that  a  large  proportion  of  it  is  preventible, 
lithe  necessity  of  still  further  improving  the  sanitary  condition  of  the  people 
isis  manifest. 


Ages. 


10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-80 
Over  80 


Number  of  Years  of 
constant  Sickness 
corresponding  to  one 
Annual  Death. 


2-47 
2-53 
2-17 
2-45 
2-64 

4-  00 

5-  53 
4-80 


Annual  Average  Amount 
of  Sickness  per  Head,  in 
Weeks. 

Average  Duration  of  each 
Illness,  in  Weeks. 

Males. 

Females. 

0-75 

3-43 

3-30 

0-93 

3-80 

3-90 

1-00 

4-74 

5-20 

1-80 

5-58 

5-80 

2-60 

7-80 

7-00 

4-36 

9-54 

9-50 

7-50 

12-12 

12-60 

10-50 

10-00 

11-00 

Statistical  Evidence  of  the  Health  of  Commuiiities.— In  attemptinc^  to 
ludge  the  health  of  a  community  by  statistical  evidence,  the  greatest  impor- 
tance IS  attached  to  the  foUowing  points,  namely,  the  total  corrected  death- 
i-ate,  the  zymotic  death-rate,  and  the  infant  mortality.  All  these  have 
oeen  discussed,  and  the  various  sources  of  error  connected  with  them 
sjxplamed.  Equally  significant  with  the  zymotic  death-rate  and  the  infant 
mortality  is  the  phthisis  death-rate,  which,  if  excessive,  indicates  dampness 
f)f  soil,  unhealthy  workrooms,  or  overcrowding  of  tenements.  The  death- 
ktate  from  respiratory  diseases,  other  than  phthisis,  is  also  important  But 
resides  these,  certain  other  evidence  is  usuaHy  considered,  mainly  as  a  test 
•t  the  mean  or  average  longevity  of  the  population.  This  evidence  consists 
'1  tacts  relating  to  what  is  known  as  "  the  mean  age  at  death,"  "  the  prob- 
^^ble  duration  of  life,"  and  "  the  expectation  of  life." 
M  -        r^^""  ^^"^^     ^  population  is  the  sum  of  the  ages  at  death 

luvided  by  the  number  of  deaths.  It  is  no  good  test  of  the  relative  healthi- 
ness of  populations  unless  due  corrections  be  made  for  age  and  sex  distri- 
T'  c  ^  ^^^^  ^^y^'  ^  population  of  ensigns  might  show  a  mean  a^e  at 
mth  of  22  and  a  population  of  generals  over  48,  but  the  latter  population 
'vould  not  be  more  healthy  than  the  former  :  it  would  merely  consist  of 
^IhfT'u^  age.    A  high  birth-rate  may  reduce  the  age,  though 

ttte  health  of  the  community  may  be  extremely  good.  If  the  birth-rate  be 
S      •     .     ^®     consequence  a  greater  proportion  of  infants  or  vouuet 

'dnoZ  T  It'"^^  the  average  age  of  death  will  be  proportionately 
id  4?' fo^  f  f  """"Z^'^'  T^""  at  death  averages  42  for  males 
^0.  40  tor  females.    Farr  has  shown  that  it  is  nearly  equivalent  to  the 


830 


VITAL  STATISTICS. 


reciprocal  of  the  death-rate  minus  one-third  of  the  difference  between  the 
reciprocal  of  the  death-rate  and  that  of  the  birth-rate ;  or  two-thirds  the 
reciprocal  of  the  death-rate  plus  one-tliird  that  of  the  birth-rate.  Suppose 

the  death-rate  to  be  1  in  46,  and  the  birth-rate  1  in  29,  we  have  — ^  +  -3- 
=40•3  as  the  mean  age  at  death. 

The  prohaUe  duration  of  life  is  practically  the  age  at  which  exactly  halt 
of  any  given  number  of  children  born  alive  will  have  died ;  or,  in  other 
words,  Siere  are  equal  chances  of  their  dying  before  and  after  that  age.  It 
is  sometimes  spoken  of  as  the  equation  of  life,  or  vie  probable  of  French 
writers.    All  these  terms  are  more  or  less  unfortunate,  as  there  is  a  prob- 
ability for  every  possible  duration  of  life.     Kegarded  strictly  as  defined 
above,  the  probable  duration  of  life  is  of  no  great  value  as  a  test  of  longevity  ; 
it  can  only  be  obtained  from  what  is  caUed  a  life-table,  and  as  so  determmed 
for  England  and  Wales,  gives  the  probable  duration  of  Hfe  for  each  male 
47  years  and  for  each  female  52  years.    The  probable  duration  of  hfe  is 
often  coAfounded  with  another  statistical  expression,  called  the  mean  dura- 
tion of  life,  which  is  the  probable  or  likely  duration  of  life  from  birth  and, 
by  Erench  writers,  called  the  vie  moyenne.    If  we  imagine  an  absolutely 
stationary  population,  that  is,  one  in  which  age  and  sex  distribution  does 
not  change,  then,  starting  from  birth,  the  mean  duration  of  hfe  would  be 
identical  with  the  mean  age  at  death,  and  with  the  expectation  of  We  as 
determined  by  means  of  life-tables.    But  such  a  stationary  population  is 
rare,  and  in  an  ordinary  community,  whose  numbers  are  constantly  being 
disturbed  by  migration  or  other  causes,  the  mean  duration  of  life  really 
signifies  the  present  age  in  years  plus  the  probable  duration  of  life  after 
having  attained  a  given  age,  and  which  is  more  commonly  caUed  the  mean 
after  lifetime,  or  expectation  of  life.    Eor  comparative  purposes  it  is  often 
more  convenient  to  employ  the  term  mean  duration  of  life  as  mdicatmg  the 
expectation  of  life  at  birth ;  but  if  it  is  required  to  remove  the  disturbmg 
influence  of  infant  mortaUty,  then  the  mean  after  hfetime,  or  expectation  of 
life  at  a  later  age,  must  be  taken.    This  expression,  expectation  of  hfe 
must  not  be  taken  to  imply  that  any  individual  may  reasonably  expect  to 
live  a  given  number  of  years,  because  it  has  no  true  relation  to  the  most 
probable  duration  of  the  lifetime  of  any  given  person.    It  merely  shows  the 
averaae  number  of  years  which  a  person,  at  a  given  age,  hves,_and  m  that 
sense  constitutes  the  true  measure  of  the  chances  of  Hving  which  a  W 
community  has.    Its  estimation  is  made  by  means  of  what  is  called  a  lite 
teSr  and  which  is  nothing  more  than  a  table  constructed  from  census 
wis  on  the  basis  of  the  number  living  and  the  number  dying  at  each  age^ 
S  a  table  shows  how  many  out  of,  say,  1,000  000  persons  supposed  to 
be  born  at  the  same  time  will  survive  at  the  end  of  each  year  or  term  of 
vears    The  same  table  will  also  show  the  sum  of  the  number  of  years  which 
thev  live  and  if  this  sum  of  these  years  be  divided  by  the  number  hvm 
S  anrgiVen  age,  the  result  will  be'the  expectation  of  life  for  that  given 

^^'■Life-tables.-Farr  called  a  life-table  a  biometer,  because  it  really  repre 
sents"  a  veneration  of  individuals  passing  through  time,"  and  measures  the 
probabilities  of  hfe  and  death  of  this  generation  at  birth,  and  of  survivoi. 
at  each  successive  age-period  until  the  whole  S^^^f  J^^V^^f /^^^^ 
In  order  to  construct  a  Hfe-table  it  is  necessary  to  have  (U 
from  a  census  return  of  the  number,  age,  and  sex  distnbution  of  a  popu^a 
on  ■  (2  returns  of  deaths  for  one  or  more  years  among  this  same  poputon 
grouped  n  the  same  ages  or  age-periods  as  have  been  adopted  for  statin 
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the  census  population.  A  separate  table  is  required  to  be  constructed  for 
each  sex,  and  for  this  reason  the  death  returns  must  be  distinct  for  the  two. 
sexes.  ■ 

A  life-table  can  be  constructed  for  either  annual  or  quinquennial  intervals; 
in  most  tables  an  annual  interval  is  adopted  for  the  first  five  years,  and 
after  that  five-year  periods  are  taken.    The  first  step  is  to  ascertain  from 
the  census  returns  the  mean  population,  or  the  number  of  lives  at  risk  at. 
the  centre  of  each  year  of  life,  and  the  number  of  deaths  in  the  correspond- 
ing years  of  life.    By  dividing  the  former  into  the  latter  we  obtain  the  rate 
of  mortality  per  unit  of  population,  better  known  to  actuaries  as  the  central 
death-rate,  because  it  represents  the  rate  at  which  people  are  dying  in  the 
centre  of  a  given  year.     Let  this  be  expressed  per  1000,  and  call  it  D. 
These  deaths  may  be  assumed  to  be  evenly  distributed  over  the  whole  age- 
period,  so  that  half  the  deaths  will  occur  in  the  first  portion  of  the  period, 
and  the  other  half  in  the  second  portion  ;  and  the  ratio  of  the  final  to  the 

initial  population  is  -^^^^  ~      ,  which,  when  simplified,  becomes-^^^2^ • 
,   .         .  1000-t-^D  ^  2000-fD 

Ihis  ratio  is  practically  identical  with  the  probability  of  living  through  one- 
year,  or     pqi.oio  survivors  at  end  of  year 
number  living  at  beginning  of  year' 
For  the  construction  of  a  hypothetical  life-table,  let  us  suppose  that  the- 
mortahty  among  infants  in  a  given  population  is  100  for  every  1000  It 
wiU  be  at  once  evident  that,  if  there  be  1,000,000  babies  born  and  livincr  at. 
the  commencement  of  a  given  year,  these  will  be  reduced  to  900,000  in°the 
course  of  the  year,  and  this  number  will  commence  the  second  year.  Pre- 
suming that  the  data  show  that  the  death-rate  among  children  in  the  second 
year  of  life  is  as  high  as  50  per  thousand  hving,  then  applying  the  foregoing 

formula,  we  get  |^^^^  or  0-951219,  and  the  900,000  children  at, 

the  beginning  of  the  second  year  are  reduced  to  900,000x0-951219  or- 
856  097  at  the  beginning  of  the  third  year.    In  the  same  way,  knowing'the- 
death-rates  for  the  third,  fourth,  and  fifth  years  of  life,  the  actual  numbers. 
01  children  surviving  at  the  end  of  those  age-periods  is  calculated.  Suppose 
:  now,  by  the  end  of  the  fifth  year  only  650,000  survive  out  of  the  original 
imilhon,  and  we  propose  to  continue  constructing  the  life-table  for  quin- 
(  quennial  or  five-year  periods  in  place  of  annual  intervals.    The  calculation 
is  practically  the  same,  substituting  for  the  death-rate  of  each  year  the  death- 
:  rate  lor  each  quinquennium.    Presume  the  death-rate  among  persons  aged 
.  0-10  years  to  be  7,  then  applying  the  formula  for  the  reduction  of  the- 

:  population  during  this  five-year  period,  we  get  Qqqq"^)'  or  0-965632,  and 

(  Ann '"^„°f  quinquennium,  or  by  the  end  of  the  tenth  year,  the- 
t  550,000  will  be  reduced  to  650,000  x  0-965632  =  627,660.  This  calculation 
1  iSt      ^^P^^*®^  five-year  period  until  there  are  no  more  survivors- 

Such  an  ideal  life-table  will  consist  of  a  series  of  columns,  in  the  first  of 
^  wjiich  will  be  entered  the  various  years  of  life  or  age-periods  headed  by  th& 
>  symbol  x. 

1  ru       ^-^^^^^  column  would  be  marked  D,  or  as  it  is  sometimes  written  m 
xne  entries  m  this  column  would  be  obtained  by  dividing  the  deaths  durin^ 

"  T   ^/'''^^^  age-period  by  the  corresponding  mean  population,  and  represent 
tne  rate  of  mortality. 

From  the  entries  in  the  second  column,  those  of  the  third  or  column. 
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would  be  obtained. 


These  represent  the  probability  of  living  one  year  for 
each  age  or  age-period,  as  calculated  from  the  formula  p 


20004-D* 

The  next  column,  l„  is  obtained  by  multiplying  the  number  living  at  the 
immediately  preceding  year  by  p^.  The  entries  in  this  column  will  represent 
the  number  surviving  at  each  successive  age,  or  in  other  words  represents 
the  number  who  reach  the  precise  age  x. 

The  next  column  required  in  a  life-table  is  one  showing  the  mean  number 
livine  in  each  year  of  life,  and  technicaUy  called  P^.    Thus  the  mean 

number  living  in  the  tenth  year  =  -^-^ ' 

The  next  column  in  the  table  is  known  as  the      column.    The  number 
opposite  any  age  in  this  column  is  the  sum  of  aU  the  numbers  in  the 
column  from  that  age  to  the  end  of  the  table,  that  is,  until  all  the  lives 
become  extinct;  and  it  shows,  therefore,  the  aggregate  number  of  years 
which  the  persons  at  each  age  in  the  table  will  live. 

The  last  column  is  that  marked  ;  in  it,  opposite  each  age,  is  placed  the 
mean  after  lifetime,  or  expectation  of  life  at  each  age.    This  is  obtained 

from  the  formula     =  y^. 

The  following  table  represents  the  headings  of  a  typical  Ufe-table,  pre- 
pared in  accordance  with  the  foregoing  principles ;  it  wiU  serve  to  show- 
a  complete  view  of  the  results  obtainable  from  a  Ufe-table.  Each  year  of 
aR6  should  be  inserted  to  make  it  complete,  but  in  order  to  economise 
space,  the  intermediate  years  have  been  omitted.  The  table  is  practi- 
cally an  epitome  of  Farr's  English  Life-Table,  No.  3,  for  Males,  pubhshed 
in  1864. 


■  Age  of 
Age-Period. 

X. 


talityper  Unit 
at  Age  X. 
D  or  Mi. 


Annual  Mor-  Probability  of  Number  Born 


Living  one  Year 
from  each  Age 
Px. 


0 

0-18326 

5 

0-01369 

10 

0-00563 

15 

0-00519 

20 

0-00832 

25 

0-00920 

35 

0-01105 

45 

0-01554 

55 

0-02485 

65 

0-04698 

75 

0-10391 

85 

0-21966 

95 

0-42035 

105 

0-83212 
0-98640 
0-99438 
0-99482 
0-99171 
0-99084 
0-98901 
0-98458 
0-97644 
0-95410 
0-90122 
0-80208 
0-65265 


and  Living 
at  each  Age. 
Ix. 


Mean  Popu- 
lation in  each 
Year  of  Age. 

Vx. 


511,745 
370,358 
353,031 
344,290 
333,608 
319,442 
288,850 
253,708 
209,539 
150,754 
75,777 
16,877 
833 
4 


456,820 
367,672 
352,007 
343,415 
332,231 
317,892 
287,229 
251,763 
206,984 
147,315 
72,012 
15,151 
678 
3 


Years  of  Life 
Lived  at  Age  x 
and  upwards. 
Ox. 


Mean  After 
Lifetime  at 
each  Age  x. 
Ex. 


20,426,138 
18,410,252 
16,608,936 
14,866,429 
13,169,656 
11,536,677 
8,492,601 
5,774,489 
3,447,708 
1,631,508 
491,685 
63,030 
1,806 
5 


39-41 
49-71 
47-01 
43-18 
39-48 
36-12 
29-40 
22-76 
16-45 
10-82 
6-49 
3-73 
2-17 


Besides  the  preceding  Hfe-table,  several  others  have  been  constructed,  the 
„.orri"t  Ling  :  ''The  Healthy  Districts  Lif-Tab^'' pr^^^^^^^ 
on  the  basis  of  the  mortality  during  the  five  years  1S49-53  in  sixty-toee 
selected  districts  which  showed,  during  the  decemiium  1841-50  a  mean 
annual  death-rate  not  exceeding  17  per  1000  persons  living  This  table 
^presses  very  accurately  the  actual  duration  of  life  among  the  clergy  and 
other  classes  ^f  the  community  living  under  favourable  circumstances. 
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iT^^^'l^^P-^""         Experience  Table,"  constructed  by  Ansell  from  data 
coUected  by  h.m  as  to  men  of  the  upper  and  professional  classes, 
insurance  offitf"''^'"  Table,"  based  on  the  experience  of  the  principal 

^l^r^Xn"^"^^^^^^  -  '^'^  — H  over  5000 

rate? of  isfrf 9?  ^-^^^^^^  on  the  death- 

prepI^eV  bv1t*2!i  "  f  T^^^^^yV'  "  ^^^^'^  "  Life-Tables,, 

Kf^uTS  on  the 

asisIueVS'l^f:-  ^'"   '  P"'""      ^^^^^^'^  "^^S^^^^  Life-Table,'^ 


Males. 


Age. 


Survivors 
at  each  Age 

out  of 
1,000,000 

Bom. 


Expectation  of  Life. 


0 
1 
2 
3 
4 
5 
10 
15 
20 
25 
30 
.35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 


1,000,000 
838,964 
790,891 
772,046 
760,167 
751,494 
733,477 
726,194 
712,555 
693,809 
669,279 
639,645 
604,923 
564,437 
517,639 
462,981 
398,400 
322,482 
238,632 
153,890 
80,023 
29,866 
6,786 
752 
30 


43-  7 

51-  0 
53  0 
53-3 
53-2 

52-  8 
49  0 

44-  5 
40-3 
36-3 
32-5 
28-9 
25-4 
22  1 
18-8 
15-7 
12-9 
10-3 

8-0 
61 
4-5 
3-3 
2-4 
1-7 
1-2 


41-4 
48-1 
50-1 

50-  9 

51-  0 
50-9 
47-6 
43-4 
39-4 
35-7 
32-1 
28-6 
25-3 
22-1 
18-9 
16-0 
13-1 
10-6 

8-3 


183&-54. 
(No.  3 
English 
Life-Table.) 


Females. 


39-9 

46-  7 

48-  8 

49-  6 
49-8 
49-7 

47-  1 
43-2 
39-5 
36-1 
32-8 
29-4 
26-1 
22-8 
19-5 
16-5 
13-5 
10-8 

8-5 
6-5 


Survivors 
at  each  Age 

out  of 
1,000,000 

Born. 


1,000,000 
868,874 
823,072 
804,142 
791,973 
783,244 
766,151 
759,062 
744,  .321 
724,788 
700,049 
670,992 
638,912 
604,007 
564,299 
516,375 
457,682 
385,503 
299,220 
204,208 
114,536 
48,133 
13,418 
2.124 
157 


Expectation  of  Life. 


1881-90. 


47-2 

53-  2 
55-2 
55-5 
55-3 

54-  9 
51  1 
46-6 
42-4 
38-5 
34-8 
31-2 
27-6 
24-1 
20-6 
17-2 
141 
11-3 

8-8 
6-7 
5  0 
3-7 
2-8 
2  1 
1-5 


1871-80. 


1838-51. 


44-  6 
50-1 

52-  2 

53-  0 
53-2 
53-1 
49-8 

45-  6 
41-7 
38-0 
34-4 
30-9 
27-5 
24-1 
20-7 
17-3 
14-2 
11-4 

9-0 
6-9 
5-2 
3-9 
2-9 
2-2 
1-6 


41-9 
47-3 

49-  4 

50-  2 
50-4 
50-3 
47-7 
43-9 
40-3 
37-0 
33-8 
30-6 
27-3 
24-1 
20-8 
17-4 
14-3 
11-5 

9-0 
6-9 
5-3 
4*0 
3-0 
2-3 
1-8 


fmetK'itfct'strttlon'  wef  ""^^  '  ^'^^'^^  ^^'^  "^'^'^'^^^ 

hfche  vevsZTin^i  ^  Tl      ""l^     ^  Position  to  study  the  life  history  of 

^3tuVTere^hr'effo;l^^^^^^^  —  Po-*^  for  suc^t 

^ei^lemrXry  "^Sslf      "  ^t"  ^'•'^""^•^'^  ^"^^  the  two 

separately.    This  is  commonly  written  p„  and  equals,  as  we  have 

■ilready  seen,  number  of  survivors  at  end  of  period  2, 
New  TTn  V  1,  T  .^umber  living  at  biiinning  of  period  "  ^^ove 
f^ew  English  Life-Table,  at  birth  the  probfbilify  of  a  male  child  living  one 

3  G 
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year  is  (the  certaiiiity  of  surviving  to  the  end  of  the  first  year  of 

life  being'tak^as  unity),  and  therefore  the  probability  of  his  dying  during  the 
.    1,000,000- 838,964  ^Q.-j^g3^Q3g_        25  the  probability  of  a  male 
y63.r  IS   1  000  000 

living  five  years,  by  the  same  life-table,  is  and  the  probability  of 

^  .     693,809-  669,279 
his  dying  during  the  quinquennium  being  693,809        '  693,80^ 

^'^T^^ZiZeJ'of  survivors  out  of  1,000,000  children  horn  of  each  sex  at 

(c)  The  expedahon  of  hfe,  or  ^^T^^^^^^^  of  hfe  at  any  age 

at  the  end  of  each  given  period,         &^,^ffLert£^^^^^^^  by  the  ^vhole  of 
X,  the  rule,  is,  add  together  the  years  oi  ^l^^.  J  ^/j^^^^,''^^^^^   of  survivors 
the  life-table  population  after  that  age,  and  divide  by  the  numoer 
at  that  age,  or  E.=  f.    Suppose  it  is  required  to  find  the  expectation  of 

life  for  males  at  the  age  of  35,  on  the  basis  Jatliam^^^^^^^ 
If  .ve  refer  to  that  table  and  add  together  the  numb^^^^^  nr  ^  o^^^^^ 
age  later  than  35,  we  obtain  the  figure  3,380  841  ^^liic^^^^  ^  ^^^^^^^ 

complete  five-year  periods  lived  ^A^Iyla^v^^^^  equal  16,904,205 
population  after  35  years  of  age.  Tf  ^fJ^^Y;' 3^545  Jes,  the  number 
years,  and  as  this  number  of  years  is .  ^^/'^^^^^^  .^.^it  is'  knomi 

if  complete  years  lived  by  each  male  is  26  42  years. 

as  the  "  curtate  expectation  of  hfe.  attention  to  the  complete 

Hiay  be'assumed  with  a  ^-f,.f^^l^^^::i^^^^  be  half 

another,  that  the  duration  of  life  m  the  ^^^^J^^^^J^^'  ^^^t^te  expec- 

siich  a  period,  that  is,  2-5  years.  If  we  add  th^  2  5  oWaSed  Thus,  the 
tation  of  life,  the  complete  e-Pf^^ation  of  hfe  is  obtained^^^^^ 

complete  expectation  for  males  at  35  =  26  42  +  ^^^^^^^  addition  to 

tables  where  the  age-periods  are  g!^^^^";^,f"  f  ^^^^  UsuaUy,  only  the 
be  made  to  the  curtate  expectation  wiU  be  0  5  year,    u  ^ 

can  be  obtained  by  the  formula  ^.  ,  ,  i 

From  what  has  here  heen  expW.  it  wEl  he  g"*-*  ^nlS 
can  be  ooMtracted  for  mdmdual  towns  as  ^'^'^^tn.  to  the  important 
provided  the  necessary  facts  ^-i^^tuife-  *k  must  henceforth 

r^stSdisiSns^'^fer:^^^^^^^      --i"-  - 
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has  said,  It  IS  to  Mm  what  the  two-foot  rule  is  to  the  mechanic.  "In  a 
word  the  hfe-table  is  the  one  and  only  means  by  which  the  vague  expres- 
sions more  or  less '  of  the  sanitarian  can  be  reduced  to  an  exact  compara- 
kve  standard  The  most  recent  life-table  for  the  whole  of  England  and 
T  r%  Ki  ^     r  1881-90,  known  as  Tatham's  "English 

Life-Table     and  we  have  available  for  comparison  four  local  life-tables 

%  nT  ^^^^^y'  Manchester  (Tatham), 

Brighton  (Newshohne),  Glasgow  (Chahners),  and  London  (Shirley  Murphy 

I^Z  J  greatest  interest  as  showing  the  imi^ense 

c  ntr.TTn^h        expectation  of  life  in  large  and  crowded  manufacturing 

udP  'iSf  ^^*^«Pf !  ^  ^  typical  seaside  health  resort  of  magnf- 
tude     Reference  should  be  made  to  aH  these  tables  by  those  desirous  of 

onstructnig  similar  local  tables  for  themselves,  as  detaHs^re  there  n  gfven 
for  which  space  is  not  available  in  a  general  work  of  this  kind 

A  comparison  between  the  old  and  new  life-tables  for  England  and  Wales 

hows  that  there  is  a  greater  expectation  of  life  under  the  new  table  up  to 
19  years  of  age  for  males,  and  45  for  females.  After  these  ages  the 
improvement  appears  to  be  less,  possibly  due  to  a  greater  death-rate  under 
new  conditions  amongst  the  elderly  people ;  but  this  is  so  much  counter 
balanced  by  the  saving  m  life  during  the  earlier  years,  that  the  total  number 
of  survivors  up  to  about  80  for  males  and  90  for  females  is  greater  unde  - 
the  new  table  than  m  the  old.    The  mean  after  Hfetime  at  Wrth  for  both 

£l\ween  45^^^^^^^  ^^^^^^  ^^^^^^  the  probable  duratioli  of  li 

lies  between  45  and  50  for  males,  and  between  50  and  55  for  females. 

at  the  enrfnfTI  «>°^Parative  tabular  statement  gives  the  expectation  of  life 
at  the  end  of  each  five  years  of  life,  and  for  each  sex  in  London,  Manchester 

as  wfl7asTo?  E^f 'T'  ^Vrt^^"*       ''^'^  ^-^^^  Hfe-tables  (188^^^^^^^^^^ 
as  well  as  tor  England  and  Wales  (1881-90).  ^ 


to 


0 
5 
10 
15 
20 
25 
•30 
35 
40 
45 

r,o 

55 
60 
r,5 
70 
75 
85 


Males. 

England 

Man- 
chester. 

and 
Wales. 

London. 

43-66 

40-66 

34-71 

52-75 

50-77 

45-59 

49-00 

47-22 

42-75 

44-47 

42-88 

38-78 

40-27 

38-70 

34-62 

36-28 

34-70 

30-69 

32-52 

31-80 

27-08 

28-91 

27-39 

23-76 

25-42 

25-22 

20-68 

22-06 

21-00 

17-80 

18-82 

18-75 

15-06 

15-74 

15-31 

12-49 

12-88 
10-31 

13-00 

10-16 

10-59 

8-15 

8-04 

8-30 

6-48 

6-10 

7-20  1 

5-11 

3-29 

5-50 

3-16 

Females. 


Glasgow. 

Brighton. 

England 
and 

London. 

Wales. 

35-18 

43-59 

47-18 

44-91 

46-97 

52-87 

54-92 

54-42 

44-32 

49-12 

51-10 

50-95 

40-51 

44-67 

46-55 

46-65 

36-90 

40-55 

42-42 

42-45 

33-29 

36-51 

38-50 

38-34 

29-60 

32-67 

34-76 

34-95 

26-06 

29-02 

31-16 

30-69 

22-44 

25-60 

27-60 

26-80 

19-54 

22-36 

24-05 

23  -80 

16-35 

19-33 

20-56 

20-65 

13-99 

16-48 

17-23 

17-34 

11-40 

13-67 

14-10 

14-50 

9-38 

10-96 

11-26 

11-78 

7-50 

8-69 

8-77 

9-00 

6-25 

6-64 

6-6S 

7-79 

3-30 

3-33 

3-71 

5-70 

Man- 
chester. 

Glasgow 

1 

.  Brighton. 

38-44 

37-70 

49-00 

48-06 

48-27 

56-92 

45-43 

45-44 

53-15 

41-50 

41-59 

49-07 

37-33 

38-00 

44-76 

33-38 

34-60 

40-48 

29-73 

29-88 

36-39 

26-30 

28-06 

32-48 

22-99 

23-45 

28-71 

19-79 

21-61 

25-07 

16-74 

17-50 

21-79 

13-91 

15-60 

18-48 

11-35 

12-88 

15-26 

9-11 

10-69 

12-19 

7-25 

8-00 

9-32 

5-76 

6-45 

6-97 

3-76 

3-62 

372 

'lie  exDectnho'     1-  °  ^""X^  ^""^^^  that  at  each  age  and  for  each  sex 

but  Sfh!;  i  ^fV^  ^^^^^ds  that  in  Manchester  anT  Glatow 

less  than  that  of  Brighton.    The  expectation  of  life  for  males  at  bS 
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at  Brighton  is  sho.n  to  be  f^l'^Z'l^^j\'tZ'^:^:^Z 
^al'^rlf  hVerS/tV^SSt  ^'irt^rt  tLn  i.  th.  industrial 
fjj  lltn  per  cent.  ^^J^^^l^^  T  49^07  IV".! 
wXran  Sit  favL  of  Brighto'n  of  37-6  and  3-8  per  eent.  respec 

'"then  speaMng  of  the  Bngli^  "./fj^^'i'  Tt 

+\.n^        share  in  the  sam  of  life  of  recent  years  wd&  uuu 

90,  show  that  this  expenenee  is  =^are\by  these  to^^^^  20 
rSan^d'TjffiSreS^^^^^^ 
— <^iI^tK^ 

heen  a  larger  number  ot  weakly  Yt  is  extremely  doubtful 

conditions  have  been  carried  off  by  .^^^^f^^^'^^^^  the  operation 

whether  there  is  any  real  «V<i7^^^^VStaf  bee^  ^ith  results 

of  the  law  of  the  survival  of  the  S*^^^^^.^^'  '^'^  ^ot  unUkely 

unfavourable  to  the  Yt^^l^TTjL  ^yte  greater  mortal^  among 
that  the  weeding  out  of  weaJily  lives,  causeaD^ 

weakly  children  suffering  from  ^^^^f ^.^'^  in  former 

counterbalanced  by  the  greater  ^^^^^.^f^/^f/;^^    In  rlgard  to  phthisis 

and  social  conditions  from  ^.^.^^^^^^^^^^        by  many  to  explain 

(2)  The  increased  strain  of  modern   fe      ^^PP^^         ^^ther  such 
the  increasing  death-rate  among  adults,    f  ^he  maiority  of  the 

Leased  strafn  exists  in  the  commum  y  as  a  whol      T^i^  ^aj     y  ^^^^ 

&  tLs..s  i  inffnitely  better 

-^TJl^^  S  think  that  -J^of  tl.  fan^^^^^^  the^  1~  - 
participate  in  the  /^-^^JX  manufacturing 
increasing  ''^^^^--^^^^^^  f  .^^^^^^^^  and  outdoor  pursuits 

and  indoor  occupations,  with  a  decline  m  „ 

and  callings.    To  these  con^^^-^^^^^^^^  Z  benefits  from  the  Pubhc 

sanitation  is  concerned  m  a     J'^l^'^q  h^        been  fully  reaped,  even 

Health  Acts  of  1871,  1875  and  1891  not  Imvin 

vet.    Possibly  in  another  twenty  Y^^^ VrtW  full  force  and  value  to  be 
.  have  endured  sufficiently  long  to  enable  ^hen  /^^^^^^^^^  and  leave 

Srmined  and  felt ;  for      l^^^^^l^^^:  statistical 

"the  complete  solution  of  the  Pi"o^^^™  J?, 
■  experience  of  our  country  is  ^^^^^J^f  ^J""  ^^^^  j),  parr  showed  that  the 
In  t^e  absence  of  proper  l^f^-t^^^/;'  ^^^^^^^^     ^ould  be  approximate  y 

niean  duration  of  life,  or  ^'^f^^^^^^^^^        following  formula,  m 

at  birth.  1000  .  1  . 1000 
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Say  a  town  has  a  birth-rate  of  32  and  a  death-rate  of  28  per  1000,  then 

applying  this  formula,  we  get  1°^  or  ^  -^  1^  =  34,  as  the  mean 

expectation  of  life  at  birth  under  those  conditions. 

Willich  gives  another  formula,  in  which  x  =  the  expectation  of  life  at  any 


age  a,  between  25  and  75  years,  then  :  a:  =  |  (80  -  a),  and  applying  this,  say 


3 


for  calculating  the  expectation  of  life  at  53  years  of  age,  we  get  -  (80  -  53' 

3 

=a;  or  18  years. 

Life-Capital.— If  we  apply  the  figures  of  a  life-table  to  the  existing  or 
estimated  population  of  a  community  in  groups  of  ages  at  a  given  period, 
we  obtain  the  aggi-egate  future  lifetime  of  each  of  these  populations,  or,  as 
it  has  been  appropriately  called,  the  Hfe-capital  of  the  community  in  that 
particular  period  or  year  (Tatham).  Taking  Manchester  as  an  example,  as 
we  have  avaUable  for  that  city  a  life-table  based  upon  the  most  recent 
facts  as  gained  at  the  last  census,  we  are  able  to  construct  the  followinc^ 
table :—  ° 


Ages. 

Expectation  of  Life. 

Population. 

Life-Capital. 

Males. 

Females. 

Males. 

Females. 

Males. 

Females. 

0,  .       .  . 

5,  .       .  . 
10,  .       .  . 
15,  .       .  . 
20,  .       .  . 
25,  .       .  . 
30,  . 
35,  . 

40,  .       .  . 
45,  .       .  . 

50,  . 
55,  . 

60,  .       .  . 
65,  .       .  . 
70,  .       .  . 
75,  .       .  . 

85  and  upwards. 

34-71 
45-59 
42-75 
38-78 
34-62 
30-69 
27-08 
23-76 
20-68 
17-80 
15-06 
12-49 
10-16 
8-15 
6-48 
5-11 
3-16 

38-44 
48-06 
45-43 
41-50 
37-33 
33-38 
29-73 
26-30 
22-99 
19-79 
16-74 
13-91 
11-35 
9-11 
7-25 
5-76 
3-76 

31,796 
28,622 
27,756 
25,960 
23,460 
22,632 
18,188 
17,550 
13,724 
11,648 
9,275 
7,522 
3,422 
2,820 
1,541 
819 
69 

32,539 
29,444 
28,699 
27,580 
26,700 
22,695 
21,051 
18,675 
14,167 
12,861 
10,576 
9,188 
4,346 
3,550 
2,796 
1,381 
144 

1,103,639 
1,304,877 
1,186,569 
1,006,728 
812,185 
694,576 
492,531 
416,988 
283,812 
207,334 
139,681 
93,950 
34,767 
22,983 
18,118 
4,185 
218 

1,250,799 
1,415,078 
1,303,795 
1,144,570 
996,711 
757,560 
625,846 
491,152 
325,699 
254,519 
177,042 
127,805 
49,327 
32,340 
20,271 
7,954 
541 

All  ages,  . 

246,804 

266,392 

7,807,441 

8,979,009 

Total, 

513,196 

16,786,450 

«f  y}-^^^  figures  have  a  direct  and  an  important  bearing  on  the  vital 
statistics  of  the  community  to  which  they  apply ;  and  this  may  be  shown 

in  either  of  two  ways.    In  the  first  place  average  life-capital 

or  future  lifetime  of  each  member  of  the  population ;  and,  in  the  second 
place  since  mean  population  is  equal  to  years  of  life  expended  in  a  year, 
population  X  100 

life^pitar   =P^opo^tion  per  cent,  of  life-capital  expended  in  a  year. 
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On  the  basis  of  these  calculations  we  can  construct  the  foUow-ing  table  in 
reference  to  the  city  of  Manchester  : — 


Average  Life-Capital  of  the  Population. 

Proportion  per  cent,  of  Life-Capital  expended 
in  a  Year. 

Persons. 

Males. 

Females. 

Persons. 

Males. 

Females. 

32-70 

31-63 

33-77 

3-057 

3-161 

2-953 

This  table  is  in  reahty  the  application  of  the  Life-Table  for  Manchester 
to  the  existing  population  of  that  city.  It  shows  that  so  long  as  the  age 
constitution  remains  as  at  the  last  census  enumeration,  and  the  death-rates 
at  the  various  ages  continue  as  in  the  decennium  1881-90,  the  average  hte- 
capital  of  the  population  of  Manchester,  taking  young  and  old  together,  is 
32-70  years ;  and  that  under  the  same  conditions  the  ordinary  expenditure 
of  this  capital  per  annum  is  3-057  per  cent.  ,  ,  i.-  -u  i, 

If  now  we  calculate  for  any  period  the  number  of  deaths  which  should 
have  occurred  in  each  age-group  at  the  rates  of  1881-90,  and  compare  them 
with  the  deaths  which  actually  occurred  during  the  period,  the  differences 
between  the  two  sets  of  figures  will  be  the  numbers  of  lives  saved  or  lost  by 
the  fluctuations  of  mortality  in  the  given  period;  and  by  means  of  the 
resulting  figures  we  can  ascertain  the  gain  or  loss  of  life-capital  due  to  these 
fluctuatfons  of  mortality.    The  gain  or  loss  of  life-capital  depends  not  simply 
on  the  number  of  lives  saved  or  wasted,  but  on  the  value  of  those  hyes  to 
the  community.     Thus,  say  in  a  given  commimity  it  is  found  that  J 
lives  under  5  years  of  age  have  been  lost,  each  being  worth  from  a  lite- 
table  B8-3  years,  whHe  422  lives  between  5  and  65  years  of  age  have  been 
gained  worth  only  22-87  years  each.    It  is  at  once  obvious  tl^'^t  ^herej^^^^^ 
have  been  in  this  case  an  actual  loss  to  the  particular  community  of  383  years 
of  future  lifetime.    This  is  a  consideration  of  the  very  greatest  importance 
and  adds  new  force  to  the  contention  that  the  infantile  death-rate  is  one  of 
the  best  tests  of  sanitary  condition.    Not  only  is  it  such  a  test  ^>V.Va  h^^^^^^ 
death-rate  among  children  represents  an  enormous  waste  of  the  iile-capitai 

'The  mSod  here  indicated  in  a  simple  form  is  capable  of  considerable 
extension  and  application,  particularly  if  life-tables  for  f:^l^!^^;^'2lie 
or  large  areas  be  prepared.    From  them  it  would  not  be  difiicult  to  compute 
the  avera-e  years  of  life  that  will  be  lived  between  any  specified  ages  For 
Stance  if  20  to  65  be  taken  as  the  working  period  of  life  we  can  calculate 
how  maAy  years  of  working  life  will,  on  an  average,  be  lived  by  children  now 
nder  5,  between  5  and  10,  &c.    In  this  .^^y  we  could  estimate  wha^^^^^^^ 
be  called  the  working  life-capital ;  and  m  the  same  way  we  could  alcu^^^^^^ 
the  number  of  years  of  working  hfe-capital  gained  or  lo^t  m  any  3  eai  oi 
series  oTvears     Considerations  of  space  render  it  impossible  to  fol  ow  out 
here  all  the  possible  and  practical  uses  to  which  life-tables  readily  lend 
themse  ves     It  is  sufficient  to  have  indicated  some  of  the  mos  import  nt 
t^nS\S.g  of  these  uses,  and  to  have  shown  that,  in  a  Properly  p^^^^^^^^^^ 
Se-table  for  its  district,  the  sanitary  authority  possesses  -  Voy^'^^^^lf^^ 
xnent  for  statistical  investigation.    By  its  aid  we  ««-.iXtrii  ^  ondftio^s 
best  and  most  useful  part  of  human  hfe  is  wasted  ^^^'^^S^;  ^^^'.^^^^^ 
of  the  community,  and  we  can  also  use  it  as  a  measure  of  future  sanitary 

progress  or  regress. 
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Statistical  Methods,  and  Tabulation  of  Mortality  Facts.— The  elements 
of  statistical  inquiries  are  individual  facts,  or  so-called  numerical  units^ 
-ivhich,  having  to  be  put  together  or  classed,  must  have  precise,  definite,  and 
constant  characters.  For  example,  if  a  number  of  cases  of  a  certain  disease 
are  to  be  assembled  in  one  group  with  a  definite  signification,  it  is  indispen- 
sable that  each  of  these  cases  should  be  what  it  purports  to  be,  an  unit  not 
only  of  a  definite  character,  but  of  the  same  character  as  the  other  units. 
In  other  words,  an  accurate  diagnosis  of  the  disease  is  essential,  or  statistical 
analysis  can  only  produce  error.  If  the  numerical  units  are  not  precise  and 
comparable,  it  is  better  not  to  use  them.  A  great  responsibility  rests  on 
those  who  send  in  inaccurate  statistical  tables  of  disease ;  for  it  must  be 
remembered  that  the  statist  does  not  attempt  to  determine  if  his  units  are 
correct ;  he  simply  accepts  them,  and  it  is  only  if  the  results  he  brings  out 
are  difi"erent  from  prior  results  that  he  begins  to  suspect  inaccuracy. 

These  items  or  numerical  imits  being  furnished  to  the  calculator,  are  by 
him  arranged  into  groups ;  that  is  to  say,  he  contemplates  the  apparently 
homogeneous  units  in  another  light,  by  selecting  some  characteristic  which 
is  not  common  to  all  of  them,  and  so  divides  them  into  groups.  To  take 
the  most  simple  case : — A  certain  number  of  children  are  born  in  a  year 
to  a  given  population.  The  children  are  the  numerical  units.  They  can 
then  be  separated  into  groups  by  the  dividing  character  of  sex,  and  then 
into  other  groups  by  the  dividing  characters  of  "born  alive"  or  "still- 
born," &c. 

Or,  a  number  of  cases  of  sickness  being  given,  these  numerical  units  (all 
agreeing  in  this  point,  that  health  is  lost)  are  divided  into  groups  by 
diseases,  &c.  ;  these  groups,  again,  are  divided  into  others  by  the  character- 
of  age,  (fee,  and  in  this  way  the  original  large  group  is  analysed,  and 
separated  into  minor  parts. 

Tliis  group-building  seems  simple,  but  to  properly  group  complex  facts,, 
so  as  to  analyse  them,  and  to  bring  out  all  possible  inferences,  can  only 
be  done  by  the  most  subtle  and  logical  minds.  The  dividing  character  must, 
be  so  definite  as  to  leave  no  doubt  into  which  group  an  unit  shall  fall ;  it 
must  be  precise  enough  to  prevent  the  possibility  of  an  xmit  being  in  two^ 
groups  at  the  same  time.  The  rule  is  of  the  greatest  importance,  and  many 
examples  could  be  pointed  out  of  error  from  inattention  to  it. 

Statistical  results  are  now  frequently  expressed  by  graphic  representations,, 
a  certain  space  drawn  to  scale  representing  a  number.  The  most  simple 
plan  is  that  of  intersecting  horizontal  and  vertical  lines. 

Two  lines,  one  horizontal  (axis  of  the  ahscissee)  and  the  other  vertical 
(axis  of  the  ordinates),  form  two  sides  of  a  square,  and  are  then  divided  into 
segments,  drawn  to  scale— vertical  and  horizontal  lines  are  then  let  fall  on  the 
points  marked ;  the  axis  of  the  ordinates  representing,  for  example,  a  certain 
time,  and  the  axis  of  the  abscissae  representing  the  number  of  events  occur- 
rmg  at  any  time.  A  line  drawn  through  the  points  of  intersection  of  these 
two  quantities  forms  a  graphic  representation  of  their  relation  to  each  other, 
and  the  surface  thus  cut  can  be  also  measured  and  expressed  in  area  if 
required,  or  the  space  can  be  plotted  out  in  various  ways,  in  columns,, 
pyramids,  &c.  In  the  same  way  circles  cutting  radii  at  distances  from 
the  centre  drawn  to  scale  are  very  useful;  the  circles  marking  time  (in 
the  example  chosen),  and  the  radii  events,  or  the  reverse.  Such  graphic 
representations  are  most  useful,  and  allow  the  mind  to  seize  more  easily 
tnan  by  rows  of  figures  the  connection  between  two  conditions  and  events. 

i^or  the  medical  officer  of  health  a  systematic  and  simple  method  of 
Keeping  his  statistical  facts  is  of  the  first  importance.    This  is  particularly 
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the  case  in  regard  to  the  tabulation  of  the  causes  of  death.  He  may  append 
to  his  annual  report  a  table  of  the  deaths  at  all  ages  and  from  all  causes  on 
the  model  of  the  Registrar-General  or  of  those  given  on  pages  841,  842  as 
required  by  the  Local  Government  Board.  But  for  practical  purposes 
connected  with  public  health,  and  for  weekly  or  monthly  issue,  a  simpler 
form  is  often  preferable.  Individual  ingenuity  will  readily  be  able  to  draw 
up  a  suitable  table,  which  should  be  divided  into  a  few  well-marked  age- 
periods,  as  infancy,  early  and  late  childhood,  adolescence,  early  and  late 
adult  Hfe,  and  old  age,  each  of  which  has  its  several  dangers  to  health,  and 
social  or  industrial  conditions.  These  periods  would  be,  under  1  year,  1  to 
6,  5  to  10,  10  to  20,  20  to  40,  40  to  70,  and  over  70. 

Care  should  be  taken  to  give  all  the  zymotic  diseases,  phthisis  and  the 
preventable  diseases  generaUy  in  detail ;  under  diphtheria  may  be  grouped 
croup  and  any  fatal  cases  of  so-called  putrid  sore  tliroat,  but  in  the  present 
day,  with  increased  facihties  for  bacteriological  observation,  the  errors  m 
■diagnosis  of  these  cases  should  be  reduced  to  a  minimum;  in  any  case 
where  doubt  exists,  a  short  explanatory  note  in  the  column  of  remarks 
should  be  given.    So  also  "cholera"  when  reported  in  the  absence  of  an 
epidemic,  "  cholera  infantum,"  and  the  so-called  "  dysentery,"  except  m  the 
case  of  persons  returning  invalided  from  the  tropics,  are  best  grouped 
toc^ether  under  the  heading  of  "  diarrhoea  and  enteritis."    Where  possible, 
tubercular  phthisis  should  be  distinguished  from  the  non-tubercular  but  in 
most  cases  phthisis  will  be  found  most  conveniently  noted  as  a  single  item, 
while  "  all  other  respiratory  diseases "  may  constitute  a  second  heading. 
Scrofula  may  be  included  under  the  general  term  of  phthisis  and  tuber- 
culosis.   SyphiUs  should,  when  possible,  be  separately  noted  and  efforts  made 
to  trace  and  clear  up  ambiguous  cases  where  there  is  reason  to  suspect 
that  this  disease  is  the  original  cause  of  death.    This  is  especiaUy  impor- 
tant in  regard  to  the  congenital  form,  as  the  reported  mortahty  from  it 
does  not  represent  the  truth,  many  cases  being  returned  as  '  marasmus, 
<t  tabes  "  &c 

Diseases  of  the  heart,  kidneys,  and  liver,  except  cancer,  may  be  bracketed 
in  a  comprehensive  class  of  "diseases  of  the  internal  organs,    with  the 
omission  of  separate  headings  for  so-called  "dropsy"  and  "jaundice  these 
latter  really  being  only  symptoms  and  without  importance  to  questions  ot 
public  health.    Cancers  of  aU  kinds  and  parts  should  form  a  smgle  and 
separate  group,  so  also  should  puerperal  fever.    Diseases  of  the  nervous 
system  must'^form  a  distinct  heading,  but   it  is  advisable  to  exclude 
^'teething"  and  "convulsions"  from  it,  unless  it  is  clear  that  they  are  not 
the  pathological  expression  of  gastro-intestinal  derangement,  the  result  ot 
improper  feeding.    These  causes  of  death  constitute  a  serious  source  of  error 
in  Sntile  mortality  returns,  but  a  tactful  meM  officer  of  l^ealth  ^^n 
often,  by  judicious  inquiry,  obtain  sufficient  information  to  correct  such 
returns,  so  as  practically  to  allocate  them  to  their  proper  position  under  the 
heading  of  "  improper  or  defective  feeding  of  infants. 

Some  excellent  statistical  forms  for  public  hedth  P-Poses  have  be  n 
suggested  and  drawn  up  by  the  Society  of  Medical  Officers  of  Health  The 
forms  given  on  pages  841  and  842  are  the  statistical  tables  required  by  the 
Local  Gove'nmeTBoard  to  be  appended  to  the  Annual  Reports  of  Medical 

'^'^  vSue  otsta'tistical  Series  and  Averages.    We  have  ^^^^^^^^ 
chief  kinds  of  statistical  material  generally  at  the  disposal  of     e  san« 
but  before  closing  the  subject  it  is  necessary  to  indicate 
fallacy  in  statistics,  and  the  general  limits  withm  which  they  may  be  usea. 
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TICAL  TABLES  (A)  AND  (B)  REQUIEED  BY  THE  LOCAL  GOVERNMENT 
OARD  TO  BE  APPENDED  TO  THE  ANNUAL  REPORTS  OF  MEDICAL 
FFICERS  OF  HEALTH. 
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VALUE  OF  STATISTICAL  FACTS.  843 

In  an  ideal  mass  of  statistics  the  facts  must  (1)  be  all  correctly  observed ; 
I  (2)  they  must  be  of  the  same  kind  and  order ;  (3)  they  must  be  all  localised 
'  both  m  regard  to  time  and  place ;  (4)  they  must  be  sufficiently  numerous  to 
.give  correct  averages,  and  extend  over  sufficient  length  of  time.  It  wiU  be 
at  once  obvious  that  these  various  essentials  are  not  easy  to  obtain.  It  has 
lalready  been  explained  that  while  it  is  easy  enough  to  ascertain  correctly  the 
jiumbers  of  a  people  during  the  census  year,  it  is  less  simple  to  do  so  during 
.intermediate  years.  SimHarly,  diflPerences  of  degree  or  intensity,  causation 
or  vu-ulence  of  diseases,  render  their  comparison,  by  reducing  their  statistics 
to  the  same  order  and  kind,  extremely  difficult.  So,  too,  the  importance  of 
locahsing  statistics,  both  in  respect  of  time  and  place,  is  made  clear  by 
;  pointing  out  the  absurdity  of  attempting  to  construct  a  particular  disease- 
rjate  for  some  health  resort  from  the  deaths  of  persons  occurring  there  from 
tlhat  special  aflFection.  The  fourth  essential  for  an  ideal  statistical  series  is 
well  expressed  m  a  mathematical  statement  that  the  error  diminishes  as 
;he  square  root  of  the  increased  number  of  observations  ;  in  other  words,  the 
imaller  the  total  number  of  facts  the  larger  wiU  be  the  relative  percentage 
Df  errors  displayed  by  them,  and  the  larger  the  number  of  facts  collected 
:;lie  smaller  will  be  the  margin  of  error. 

There  being  a  nimiber  of  facts,  each  of  which  can  be  expressed  by  a 
•ramerical  value,  an  average  or  mean  number  is  obtained  by  adding  aU  the 
lumerical  values  and  dividing  by  the  number  of  facts.  The  mean  or 
.verage  IS  really  a  number  which  lies  between  the  highest  and  lowest  of  a 
series  of  numbers,  and  has  a  definite  dependence  upon  the  whole  of  the 
series.  Ihe  terms,  mean  and  average,  are  often  used  synonymously  :  regarded 
;aathematically,  there  are  several  kinds  of  means.  Thus  the  simple  average 
T  arithmetic  mean  of  four  numbers,  such  as  a,  b,  c,  d,  is  conveniently 

a-^b  +  c  +  d   

prritten as        j       ,  but  their  geometric  mean  would  be  ^abcd,  while 

4 

bbeir  harmonic  mean  stands  thus  :  and  their  quadratic 

abed 
laean  is—  ^a'  +  h^  +  c^  +  d^ 

Of  course,  if  the  temis  of  the  series  of  numbers  are  unequal,  then  the 

^eo^pM   ""Ti   ^"^^  ^"8^'^^*^'  ^^^^         arithmetic,  and  then  the 

^eome  ric  and  harmonic  means;  but  if  aU  the  terms  of  the  series  are  equal, 

Itist  off,  'i?"""  '^''^  P^'-^^ti^^l  q^^^tion  in  ^ta 

ritWH-'  l        '°  "^^'^  ^^^^^  °f  ^  P"^«  ^^erage,  or 

■S?ftr  Til'        '"^'^  °f  ^  fi^ed  q^^antity,  but 

I  her  the  probable  value  of  an  average  or  variable  quantity;  the  question 

a  t^e  v'^hf  ^^^^  is  a  trustworthy  apVroximation  to 

ork      ^HT''''^^*-    ^?  ^'S'''      approximation  may  be  determined  by 
le  rinlT    f    mean  and  probable  errors;  the  smaHer  the  latitude  of  error 
I  le  more  trustworthy  the  series  from  which  the  mean  number  is  drawn 
-Ties  frnr>  ^^^^  ^^i^^rgence  of  the  individual  terms  of  the 

'ad  Ml  mean  IS  conveniently  performed  in  the  following  way:  (1) 

the  mean  If'  T't  .f^'"         ''''  ler/ation 
tIcei-TsTfi  ^'"^^  ^^'''Siyes  the  mean  error 

ibtrac  it  from  th!^  ""'"^i?-^  the  observations  below  the  mean,  and 
le  twn  ni  f^-  tl^is  gives  the  mean  error  in  deficiency.  Add 

oirnl  °         ^""i  ^'^^^       ^'^^^  >        i«       mean  error.    It  will  be 
'  once  obvious  that  the  greater  the  mean  error  the  greater  is  the  need  for 


844 


VITAL  STATISTICS. 


the  series  to  be  extended,  in  order  to  compensate  for  the  unrehabihty  of 
each  term  of  the  series ;  and  that  the  value  of  any  series  of  observations 
increases  with  their  number  and  with  their  equality.  •    ,  , 

The  probable  error  of  a  mean  result  may  be  conveniently  obtamed  by 
application  of  the  foUowing  rules  as  given  by  Jevons  :— 

1   Draw  the  mean  of  all  the  observed  results. 

2.  Find  the  excess  or  defect,  that  is,  the  error,  of  each  result  from  the 
mean. 

3.  Square  each  of  these  reputed  errors. 

4.  Add  together  all  these  squares  of  the  errors. 

5.  Take  the  square  root  of  the  sum. 

6.  Divide  the  square  root  by  the  number  of  results. 

7.  Multiply  the  quotient  by  0-67449,  or  by  §.  . 
Thus,  suiDpose  of  the  series  21,  32,  27,  25,  18,  33,  whose  mean  is  2b,  we 

want  to  know  the  probable  error  of  that  mean.  Now,  the  apparent  errors 
of  each  number  of  the  series  from  the  mean  are  5,  6,  1,  1,  8,  7;  their 
squares  are  2.^,  36,  1,  1,  64,  49;  and  the  sum  of  the  squares  is  176.  The 
nearest  square  root  in  whole  numbers  of  this  sum  is  13  and  this,  divided  by 
6  or  the  number  of  the  series,  gives  2-16,  which,  multiplied  by  the  factor 
0-67449  yields  1-45  as  the  probable  error  of  the  mean  of  the  series 

This  calculation  of  the  probable  error  may  be  described  m  another  way, 
by  saying  that  it  is  the  error  of  mean  square  multipHed  by  the  mathematical 

''''''^The  err  Jr'^of  mean  square  is  the  quadratic  mean  of  the  apparent  errors 
or  the  result  of  dividing  the  square  root  of  the  sum  of  the  squares  of  the 
aonarent  errors  by  the  number  of  terms. 
^^To  compare  two  or  more  similar  groups  together,  the  probab  e  error  o 
each  may  be  first  ascertained,  then  the  relative  values  of  each  mil  be  as  th 
reciprocals  of  the  squares  of  the  probable  errors  ;  that  is  where  (pe)  i 

the  probable  error.  Thus,  if  we  have  two  groups,  A  and  B  A  having^ 
probable  error  of  10  per  cent,  and  B  one  of  2  per  cent.,  the  value  of  A 


1 


l3e  ^Q2- 


and  the  value  of  B  will  be  ^  =1,  or  the  group  B  will  have 
100'  ^  * 


1 


vnhip  25  times  as  great  as  A.  ,  ,  „ 

The  relative  values  of  two  or  more  series  are  also  as  the  square  root  o 
the  numbers  of  units  of  observation.    So  also,  by  increasing  the  number  o 
observSions  in  any  inquiry,  the  value  (or  accuracy)  increases  as  the  squar 
root  of  the  number.  .-yx. 
Thus  a  group  of  10  observations  is  to  a  gi-oup  of  100  as  J  10  to  J  iuu 

\'n  mly  cas;s  the  method  by  successive  means  is  very  useful.    This  con 

sists  in^akfng  the  mean  of  the  mean  numbers  successively  derived  from 

nnt.tnntlv  repeated  series  of  events  (say  the  mortality  to  a  given  popu  atio 

Z  vf  SunnS/^^^^^^^  example,  the  annual  mortality  in  England  to  be,  v 
yearly).    Supposing,  lor  ex<i  i    ,  ^^^^  ^ 

successive  years,  22,  23,  2,1,  ^b,  Z6,  zi,       ^o,       ^  f 
successive  means  would  be—  m  ,  oc 

22  +  23       22  +  23  +  21       22  +  23  +  21+26 

— 2~"   3~  4 

and  so  on,  until  the  numbers  are  so  great  as  to  ^l^^^^^'J^X! 
rL^^^f     It  is  useful  to  calcuktc  the  successive  means  in  both  the  clirecc  ai 
Zt  from  «rst  to  la,,  and  then 

the  two  tot  together,  then  the  three  tot,  etc.,  so  as  to  see 
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is  greater  at  the  end  of  a  series  than  at  the  beginning.  The  degree  of 
uncertainty  is  then  the  mean  variation  between  the  successive  means, 

A  plan  almost  the  same  as  this  has  been  used ;  a  certain  number  of  facts 
being  recorded,  the  sum  is  divided  into  two,  three,  or  more  parts,  and  it  is 
then  seen  whether  the  results  drawn  from  the  lesser  groups  agree  with  that 
drawn  from  the  larger  group  and  with  each  other.  If  there  is  any  great 
difference  of  results,  the  numbers  of  the  lesser  groups  are  not  sufficient. 
In  the  instance  given  above,  the  mean  of  the  ten  years  is  22-9 ;  the  mean 
of  the  first  three  years  is  22 ;  of  the  second  three  years  is  22'33  ;  of  the 
third  three  years  is  24.  The  term  of  three  years  is  therefore  far  too  short 
to  allow  a  safe  conclusion  to  be  drawn.  The  mean  of  five  years  again  is 
23,  and  of  eight  years  is  22-8,  numbers  which  are  much  nearer  each  other 
and  the  mean  of  the  whole  ten  years. 

What  is  known  as  Poisson's  formula  is  very  frequently  employed  ta 
determine  the  liability  to  error  in  vital  statistics.  Thus,  say  100  persons 
are  sick  with  a  certain  disease,  and  of  them  33  have  died,  and  it  is  required 
to  know  whether  these  numbers  are  sufficiently  great  to  say  that  this  mor- 
tahty  rate  is  approximately  constant  and  reliable  for  the  particular  disease- 
lu  question ;  or  whether  the  figures  are  too  small  to  accept  this  death-rate 
as  correct. 

Poisson's  formula  says  if  /x  =  the  total  number  of  observations,  made  up- 
of  m  in  the  direction  of  recovery,  and  n  in  the  direction  of  death,  then 
m  +  71  =  ju, ;  and  that  the  true  proportion  of  each  group  to  the  whole  number  of 

cases  will  be  in  the  proportions  represented  by  the  formiJa^  +  2\/ ^  ^ 

In  the  case  cited,  the  probability  of  recovering  is  represented  by  —  or  — 

/*  100- 

and  of  dying  by  —  or  —  ' 
fJL  lUO 

The  possible  error  is  expressed  by  the  second  part  of  the  formula. 

^-^^  smaller  wiU  be  the  value  of  this  possible  error  the  . 
larger  the  total  nuntber  of  cases,  or  /a. 


Applying   this   portion   of   the   formula,   we  get   2a/^  ^"^^"  =  2- 


2x67x33 

— g  =0*1330  to  unity,  or  13-3  per  cent.,  as  the  probable  error — 

a  figure  which  is  very  high,  and  suggestive  of  the  view  that  the  number  of" 
cases  is  too  few  for  us  to  accept  the  mortality  rate  of  33  per  cent,  as  found, 
as  being  approximately  correct. 

The  apphcation  of  averages  or  means,  when  obtained,  it  will  be  seen,  is. 
of  great  importance,  but  only  when  founded  on  a  sufficient  number  of  cases, 
ihere  is  always  a  danger  of  attaching  too  much  value  to  means  or  averages, 
forgetting  how  great  a  range  there  may  be  above  and  below  them,  and  it  is- 
Ijy  reminding  us  constantly  of  this '  that  calculations  of  the  mean  and 
probable  errors,  as  well  as  the  use  of  Poisson's  rule,  are  so  useful. 

In  addition  to  averages,  it  is  always  desirable  to  note  extreme  values, 
that  is,  the  two  ends  of  the  scale  of  which  the  average  is  the  middle.  To- 
'ise  Guy's  pointed  expression,  "averages  are  numerical  expressions  of 
probabilities;  extreme  values  are  expressions  of  possibilities." 
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CHAPTER  XVIL 


OFFEJ^SIYE  TRADES. 

CCebtain  businesses  frequently  come  under  the  notice  of  the  medical  officer 
vof  health  as  giving  rise  either  to  nuisance,  or  as  pro\dug  injurious  to  the 
ihealth  of  the  community.  While  the  actual  number  of  these  so-called 
TOfFensive  trades  is  considerable,  and  the  facts  as  to  their  being  a  frequent 
jeource  of  nuisance  are  beyond  dispute,  it  must  be  admitted  that  the  evidence 
regarding  their  prejudicial  influence  upon  the  health  of  either  workmen 
jEDgaged  in  them  or  upon  surrounding  populations  is  imperfect.  Be  this  as 
itit  may,  their  possible  powers  for  evil  are  so  great  that  their  supervision 
riconstitutes  one  of  the  most  important  duties  of  the  sanitary  authority ;  and 
I  a  knowledge  of  the  cliief  sources  of  nuisance  likely  to  arise  in  each  business 
)Dr  group  of  businesses  is  imperative  upon  the  sanitary  officer.  Ballard,  to 
(fwhose  exhaustive  report  on  effluvium  nuisances,  made  to  the  Local  Govern- 
mient  Board  in  1876-7,  we  are  mainly  indebted  for  information  on  this 
•laubject,  classifies  the  offensive  trades  as  follows : — 

(1)  The  keeping  of  animals. 

(2)  The  slaughtering  of  animals. 
_  (3)  Other  branches  of  industry,  in  which  animal  matters  or  substances  of 

lanimal  origin  are  principally  dealt  with. 

(4)  Branches  of  industry  in  which  vegetable  matters  are  principally  dealt 
vwith. 

(5)  Branches  of  industry  in  which  mineral  substances  are  principally 
Idealt  with.  ^  ^ 

(6)  Branches  of  industry  of  mixed  origin  in  which  mineral,  vegetable, 
iiind  animal  substances  are  dealt  with. 

Keeping  of  Animals.— Offence  most  usuaUy  occurs  from  the  keeping  of 
nther  cows,  horses,  or  pigs,  and  the  question  of  nuisance  in  connection 
ii-lierewith  arises  mainly  in  towns.  The  sources  of  nuisance  from  the  keep- 
K-ng  of  these  animals  are  (a)  the  storing  of  grains  or  other  food-stuffs ;  (&) 
smanations  from  their  dung;  (c)  fouling  of  the  air  in  or  around  sheds, 
wtables,  or  styes  ;  (d)  soakage  of  urine  into  the  ground  from  imperfect  paving. 

J^ew  cow-sheds  are  adequately  ventilated,  and  when  we  remember  that 
luHe  cow  passes  daily  large  quantities  of  semi-liquid  manure,  much  urine  and 
rtatus,  the  difficulties  in  the  way  of  keeping  cow-sheds  sweet  in  smeU  are 
nJnomous.  In  addition  to  this,  grains  are  constantly  stored  in  towns  as 
"Ood  tor  cows.  These  grains  are  in  a  wet  state,  and  unless  freed  from  liquid 
^ipidiy  generate  a  sour  odour  from  acetous  fermentation.  The  only  remedy 
•or  these  defects  is  to  provide  large  airy  cow-sheds,  with  impermeable  floors, 
™  ample  supply  of  water,  racks  and  partitions  made  of  iron,  and  walls 
mea  with  glazed  tiles.  The  general  regulations  in  force  as  to  cow-keeping 
■.'oi:  1  ^"^^y  referred  to  in  the  next  chapter,  when  considering  the 

legislation  relating  to  milk-supplies. 
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The  keeping  of  stables  and  mews  in  proper  order  presents  daily  difficulties 
to  the  sanitary  authorities  of  towns,  especially  when  the  floor  above  is  used 
as  a  habitation.  Similar  objections  are  likely  to  arise  in  connection  with 
stables  as  with  cow-sheds.  The  chief  source  of  nuisance  is  the  storage  of 
dung  in  heaps  where  it  is  liable  to  ferment,  and  when  disturbed  to  give  off 
watery  vapour  highly  charged  with  ammonia.  Horse-dung  should  be  either 
removed  daily,  or  stored  in. open  iron  cages  near  the  stable  door.^  Ammo- 
niacal  emanations  may  be  controlled  by  damping  the  manure  with  dilute 
sulphuric  acid,  wliich  in  no  way  will  decrease  its  commercial  value  as  a 
fertilising  agent. 

As  regards  the  keeping  of  pigs,  the  Pubhc  Health  Act,  1875,  sec.  47, 
states  that  pigs  must  not  be  kept  in  towns  so  as  to  be  a  nuisance,  and  the 
Public  Health  (Lond.)  Act,  1891,  sec.  17,  prohibits  pigs  being  kept  in  the 
metropolis  so  as  to  be  either  a  nuisance  or  within  40  feet  of  a  street.  Pig- 
styes,  in  all  places,  should  be  situated  at  a  considerable  distance  from 
dwelling-houses ;  they  should  have  impermeable  floors,  with  a  proper  slope, 
and  be  provided  with  a  gutter  communicating  with  the  drain  by  a  trapped 
opening.  The  "wash"  and  other  materials  evolving  effluvium  should  be 
kept  in  air-tight  vessels. 

The  keeping  of  poultry  in  large  towns  is  often  a  source  of  nuisance, 
especially  among  the  poor,  who  frequently  endeavour  to  keep  fowls  either 
in  the  cellars  of  their  houses  or  in  very  small  back  yards.  The  only 
effectual  remedy  is  to  forbid  the  keeping  of  poultry  m  towns  altogether. 

Slaughtering  of  Animals.— While  the  general  state  of  the  law  m  regard 
to  slaughter-houses  and  knackeries  is  considered  in  the  next  chapter,  it  is 
necessary  in  this  place  to  briefly  mention  those  features  of  these  busmesses 
which  are  liable  to  be  sources  of  offence  or  nuisance.  Places  for  the 
slaughtering  of  animals  are  either  private  or  public  (abattoirs).  In  this 
country  the  greater  number  are  private  establishments,  but  it  is  hoped  that 
the  time  is  not  far  distant  when  private  slaughter-houses  will  be  abolished, 
as  experience  indicates  that  neither  the  public  health  nor  the  sale  of  diseased 
flesh  can  be  efficiently  safeguarded  except  by  a  system  of  abattoirs  _ 

The  chief  difficulties  in  connection  with  slaughter-houses  and  knackeries 
arise  from  the  filthy  way  in  which  the  live  animals  are  kept  before  slaughter, 
or  owincr  to  putrid  carcasses  or  other  material  being  allowed  to  remain  on 
the  premises,  or  from  garbage  and  refuse.  "The  place  where  cattle  are 
kept  and  fed  for  several  days  before  killing  is  technically  called  a  iair, 
but  where  they  are  temporarily  detained  before  slaughter  is  caUed  a 
'pound';  but  in  small  businesses  the  one  shed  or  place  serves  for  botH 

^^"irstrictlTdefined,  a  knacker  is  properly  a  horse-slaughterer,  but  he  also 
kills  old  and  diseased  animals  other  than  horses,  and  commonly  receives 
carcasses  of  animals  which  have  died  of  disease  or  violence  as  ^veU.  ^ 
addition  to  the  sources  of  nuisance  common  to  slaughter-houses,  the  chi^ 
causes  of  offence  in  knackeries  arise  not  f^om  the  slaughtering,  but  from 
rsidi^ry  Trades-bone-boiling,  flesh-boiling  (for  fat  extract-  ^^^^^^^^ 
meat),  manure-making,  &c.,  &c.-which  are  usually  carried  on  at  knackeries 

in  order  not  to  waste  the  materials  .     „  «       »  ^.^bria 

The  ordinary  slaughter-man  or  butcher  disposes  of  the  offa  or  d6bna 
readily  The  blood  °is  either  used  for  making  "^a^^  puddmgs,'  when 
mixed'with  fat  and  condiments  or  it  is  sold  for  pigs  food  -  f  ^^^^^^^ 

nated  and  utilised  in  Turkey-red  dyeing  or  it  is  seii^  to       maker bioo 
albumin.    The  fat  goes  to  the  fat-melter;  the  hides  of  cat^e 
tanner,  the  feet  to  the  tripe-boiler,  and  sheep-skins  to  the  fellmonger. 
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first  stomach  of  cattle  and  sheep  is  cleaned  for  human  food  (tripe)  •  the 
second  stomach  is  usually  sold  as  food  for  dogs  or  pigs ;  the  heart  is  used 
for  human  food ;  the  liver  and  lungs  are  occasionally  so  destined,  but  more 
commonly  are  given  to  animals.  The  smaU  intestines  go  to  the  gut-scraper, 
the  smaU  nitestmes  of  pigs  bemg  used  for  sausage  skms;  and  the  large 
mtestmes  are  used  for  human  food.  The  intestinal  contents  are  sold  for 
maniu'e. 

_  In  knackeries,  all  the  soft  parts  are  stripped  from  the  skeletons  of  the 
animals ;  the  bones,  m  turn,  being  utiHsed  for  boiling,  hke  aH  the  rest  of 
.the  carcass. 

The  general  principles  for  preventing  nuisances  arising  from  slaughter- 
.  houses  and  knackeries  are  summarised  in  the  rule— observe  strict  cleanli- 
'  ""^^.t    Taa  P^'^^'f  ^  be  conveniently  situated  and  should  not  be 

■  withm  100  feet  of  any  dweUing-house ;  they  should  be  well-lighted,  venti- 
lated, drained,  and  surrounded  by  a  waU  to  conceal  from  the  view  of  neigh- 
I  hours  all  the  operations  going  on  within.    The  slaughter-house  should  not 
I  in  any  part  be  below  the  surface  of  the  adjoining  ground.    The  floors- 
J  should  be  impervious  (asphalt  or  concrete),  smooth,  suitably  guttered,  and 
llaid  with  proper  s  ope  and  channel  towards  a  guUy,  which  should  be 
p  properly  trapped  and  covered  with  a  grating,  the  bars  of  which  should  be 
mot  more  than  three-eighths  of  an  inch  apart.    The  lower  six  feet  of  the 
jwalls  should  be  covered  with  some  impervious  smooth  material,  which  can 
the  horoughly  washed  with  a  hose  and  brush.    There  should  be  an  adequate 
utank  or  other  proper  receptacle  for  water,  so  placed  that  the  bottom  shall 
nnot  be  less  than  six  feet  above  the  level  of  the  floor  of  the  slaughter-house. 
-^0  water-closet,  privy  or  cesspool  should  be  constructed  within  the  slaughter- 
khouse.     Wherever  possible,  iron  should  be  substituted  for  wood-work 
FProper  receptacles,  with  weU-fitting  lids,  should  be  provided  for  conveying 
Sthe  workf  ''''  ^"'''^^^      conveying  offensive  matters  to, 

m  Blood._Blood  is  utUised  for  either  (a)  making  albumin, 

be  sZt?  7"'"'"""'  Turkey-red  dyeing  :  all  these  businesses  ma^ 

woe  sources  of  nuisance. 

JallowP,^^n  '^''^^S  of  blood  albumin,  the  blood  is  received  into  shallow  pans, 
^wed  to  coagulate  the  clot  separated  and  the  serum  desiccated.  In  this 
Sit  ^^  be  fresh,  hence  there  is  rarely  any  nuisance  connected 

bhaffnl;  "^"'""J"^'  b^^^^f  «s  IS  commonly  in  connection  with  large  public 
bSt  r  n"n       t  cleanhness  are  adequately  secured.  °n  com- 

S  d  r  if  ^  ^T''^^  unpleasant  smell  priceedmg  from  the 

^orfb-l  H  *V^^°^«  ^^««Pt  by  the  most  scrupulous  cleanliness.  When 
«rL  at^^^^^^^^  "I  manure-making,  all  blood-clot  should  be  placed  in 
Sft.r^  /"''P^^'^''  ^""i  ^°  °tber  heaps  should  be 

^^niTed^^^^^^^^  -^^  drying-room  are  best  lighted 

'tnto  I  fuinaee  flue  '  '^'"'^^  °^by  a  fan 

Mphuric  T^rVu    '^""^f  by  mixing  blood-clot  with  impure 

Sals  i  mixture  IS  dried,  powdered,  and  mixed  with  other 

Saw  N  '"P^^Pbospbate,  and  finally  dried  either  in  the  air  or 
trviW     ■  .S". f  ®        ''^"^^  ^^"'^"g  the  mixing  of  the  acid,  or  during  the 

SerYrfm  rhlwl-    '''T  '^P"^'^^"^  ^^^^"^'^  -  ^  ---d 

imter  '''^''^  ^""P^"^"       be  conducted  into  a  flue  or  into. 

In  Turkey-red  dyeing  of  cotton  a  substance  tei-med  alizarin  and  derived 

3  H 
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from  the  coal-tar  product,  antlmcene,  is  used  to  obtain  the  f^aracjeris  c 
colour.  Bullock's  blood  is  used  to  fix  the  ahzarm  on  the  ««ttonJ.  the 
•coagulation  of  its  albumin.  As  the  blood  is  always  more  o^^^^^  P^^^'l 
duilnc.  the  whole  of  the  process,  a  constant  smell  exists  m  and  ^^out  tlie 
dye  "^^^  The  nuisance  may  be  obviated  by  the  observance  of  scrupulous 
cleanliness,  and  by  conducting  the  operation  m  a  f  ^^^'^ S 

with  a  suitable  flue  to  carry  off  the  offensive  vapours  under  and  into  a  fire 

^^otng^o^Trip^Tr^^^^^^^^ 

•IS  articles  of  food  is  a  constant  source  of  annoyance  Tripe  is  the  first 
stomach  of  the  ox  or  sheep.  It  is  usually  emptied  o  its  contents  at  the 
s  aTIter-house,  subsequently  washed  and  scalded,  and  ihially  deprived  of 
s  villous  membrane  by  being  scraped  with  a  knife  or  revolving  ^f^^^\  J^'^ 
tripe  is  then  boiled,  either  in  a  boiler  or  in  a  pan  havmg  a  Btea^-J^^^^^^- 
When  cooked  it  is  hung  up  to  drain  and  cool.  The  fat  is  coUected  for  soap- 
mnldne-  and  the  liquor  run  off  into  the  drains.  _ 

s;^^d^ffS;::^^tr^- 

oprand  ^^^^^^^^^^  deposit  of  fat  found  at  the  ends  of  ^J^^^^J^^^ 
cirefully  set  aside  for  "  neat's  foot  oil  "  making.  The  hoofs  aie  then  ashed 
and  boiled  •  then  finally  set  aside  for  the  comb-  or  button-maker  The  sniaU 
bone  abused  ^^^^^  the  long  ones  for  knife-handles  and  the  liquor 

.eX^n  off'^^^^^^  the  drain  or  carefully  skimmed  for  any  od  it  -^^^^^^^ 
Many  sheep's  trotters  are  too  putrid  for  conversion  into 
Hmed  and  then  disposed  of  for  manure.    It  is  chiefly  ^ ^^^^^^^^'^^^^^^^^ 
th^se  offensive  trotters  that  the  main  nuisances  arise  m  connection  with 

knacW  yards  arrangements  usuaUy  exist  for  boiling  the  flesh  of 

CnrHooJClS:  fat,  a.d  ha.;  i^^.^^^^^^ 

be  obviated  usually  by  the  construe  jou  o  sm  a* 
premise   with  boilers  so  eonstrueted  with  hopper- Ms  »'„o*«^  »^^^^^ 

.and  a  sufficient  staff  of  workers  maintained  to  pi  event  excessne 

'""Bone«  is  peculiarly  offensive,  as  the  J^-^^^^^^t^^ 
travel  long  d^ncei    A  fi^thei-  offence  axises   rom  ttie  ^J^^^::^^^' 
boiled  bones,  when  heaped  together,  ^^^^^^^f^^^^^^^^f     ^me  of  the  oth 
stronc  musty  ammoniacal  odour.    In  this  bus  ness,  as     f  ^^^'^ 
:SDy  meiLned,  there  would  be  ^"^^^^J^^.^r^!'^  vl^J 
conducted  in  steam-jacketed  pans  m  P^^^^  ^f^^^"^  "^^^^^^^^     in  this  trad 
direct.    The  other  general  principles  of  nuisance  preAentioi 
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are  practically  identical  with  those  already  enunciated  for  triiae  and  trotter 
boilers. 

Gut-Cleaning. —This  trade  is  practically  identical  with  gut-spinnincr  and 
the  preparation  of  sausage  skins.  Gut-scraping  or  cleaning  is  largely°done 
by  women.  The  small  intestines  of  pigs  and  sheep  are  first  washed  and 
cleaned  of  their  contents;  they  are  then  softened  by  soaking  in  cold  salt 
water  for  from  tlu-ee  to  five  days  ;  they  are  then  scraped  on  a  bench  by  a 
wedge-shaped  piece  of  wood.  The  repeated  scraping  gradually  detaches  all 
the  interior  soft  parts,  which  pass  along  to  go  out  of  the  cut  end.  Finally 
only  the  peritoneum  and  a  little  of  the  muscular  structure  of  the  gut  is  left  ■ 
this  IS  then  thi-omi  into  water.  If  required  for  sausage  skins,  the  gut  is 
then  simply  placed  m  salt.  ° 

For  making  catgut,  lengths  of  the  scraped  gut  are  sewn  together  with 
needle  and  thread ;  these,  after  being  steeped  in  a  weak  solution  of  carbonate 
ot  sodium  for  a  week,  are  then  spun  by  means  of  a  spinning  wheel,  the 
thickness  of  the  catgut  depending  on  the  number  of  strands  of  gut  in  it 
ihe  catgut  IS  usually  bleached  by  exposure  for  two  or  three  days  to  the 
fumes  of  burning  sulphur  in  a  special  chamber,  after  which  it  is  dried  bv 
being  stretched  over  pegs  in  the  open  air,  but  protected  from  sun  and 


ram 


Ballard  says,  "  speaking  generally,  gut-scraping  and  gut-spinning  establish- 

located.      ihe  annoyance  from  these  businesses  is  often  mainly  due  to  their 
bemg  carried  on  m  places  quite  unsuited  for  the  purpose.    The  premises 
should  always  be  provided  with  proper  stone  tabled  aid  other  apriances 
matntr?!  °^  ""'''f  T  r^/'"°^'^  '^'"^^     forbidden,\ind  what 

T^e2llt"\h^^  r^'^'^y  '''-'''^^  '"^^  non-absorbent 

receptacles.    The  liquor  should  be  deodorised  with  chlorinated  water  The 

floors,  wal  s,  and  general  principles  of  construction  of  premises  used  for  ^ut- 
sc  aping  should  be  on  the  same  hues  as  already  indicated  for  slaughter- 
houses. No  accumulation  of  stinking  material  should  be  permitted  a 
moment,  and  there  should  be  proper  vessels  for  conveying  material  to  and 
from  the  place.  The  cleansing  of  these  estabhshmenl  mSt  be  Lequeni 
and  thorough ;  for  nothmg  will  prevent  a  nuisance  unless  continuou'  c^re 

-  In  these  associated  trades  th 


the 


~  used  are  kitchen  stufi;  drippmg,  f^  ;Xn::r::riiS 
obtained  from  the  boiling  down  of  bones  and  scraps  at  knackeries  trine  and 
.|lue-boihng  works,  &c.,  &c.    The  fat  "is  melted^ith  rT;ansVS^^^^^^^^ 
anV^uljJruiSl?!?^  "  steam-jacketed,  or  (i)  by  S^^::::^ 

mJfT  "^""^^^  '-^  mixture  of  them  prepared  and 

^'Zulds-'^  ^'^^  above  -cans.    Lard  is  pig's  KSI^w' 
suet    "Din,"       •  f  ^.  ^''^"dleVhaped  m  moulds,  and  made  from  mutton 

faTmade^rZ  ^^^l^o^^''  ''''''      ''''''-^  ^  ^  -^^^^ 

^2^  i'iir  nuisance  are  (1)  the  storage  of  the  fats  • 

all^.  3)  ladling  the  fat  out ;  (4)  stoi-age  of  reSdiies  technV 

ally  ca  led  «  greaves  "  ;  (5)  general  filth.  As  Ballard  says,  "  Thrm^thod  of 
s  rl2   ^  T'^'T  at  the  slaughter-houses.    As  soon  Tfthe  fat 

;~tifqS^^^^^^^^  it  Zdd^lSt 

for  manure  o?   f  of  n  bp/  .  l     i"     T    i  T"^""^-  °'  "^^llv  sold 
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thl  materials  used  the  less  is  the.  danger  of  nuisance  during  the  melting 
The^reS  tcret  in  preventing  nuisance  at  this  stage  is  the  avoidance  of 
mlrial  "r  evenVsin^^^^^^^^^     ^^^^S^TL  re'sXt 

;:„™erprr:,t"e^Wd  he  compelled  to  remove  from  populous 

'''''ialeral  cleanliness,  the  use  of  f  —  tfarrif  ctr'^SS 
ture,  and  the  use  of  steam  and  acid  to  melt  nuisance." 

salts'T^Sf^VoSn  is  the  hase  ajd  a^^^^^^^^^^^ 
making  or  saponification  is  the  chemical  action  «su  Jm  'roni 
S  an  alkali  (soda  or  potash)  mtli  a  ■Jf"'" ,  f  ^^'^^^^^^^^  Se  Med 
hase  W^^^^^  phJsLl  characters. 

CI^X-^f^SoT-^^rasTdn^^^^^^^ 

ejsLpirf:t:3^^^^ 

not  so  much  on  account  of  ^j^^.^^^P  '.J'^  ."^'^^^^^  is  often  a  nuisance, 
which  it  is  usually  made,  and  the  f  J/^  f  ^^j,^^^^^^^    in  .vhich  the 

jiriftiifml'dKtl^ 

XfurSi  trSSi  Xliid  h'i^,  «L^^ar.  nin  into  frames  . 
which  it  sets  in  suitable  bars  or  sl^^^es  differences 
hein»oLhtrd^:sTSrs«        HnSed,  cotton,  .hal.  or 

Xe?  oil  is'^sed  in  place     .^^ZZ^t^ S^'f^or.  the  manipulation  of 
The  chief  offensiveness  m  soap-making  aiis^^^  peculiarly  im- 

the  fats  and  oils.     Some  of  these  lattei  ''t™  conducting  the 

peasant.    Nuisance  from  these  Vu d^^^^^^   or  boilers  wift 

melting  at  the  lowest  Po'^^^'^Pf.  X  -hinmcv  hy  a  pipe  or  Buc ;  or, 
nronerlv  fitted  lids,  and  connected  with  the  ohinmej   j     f  i- 
FfTecesLy,  hy  -rymg  the  jnrs  imde^^^^^^^^^^ 
:Sperint:LtrTn'Sr  wSAhc-Vaiitions  demanded  are  identic^ 

smell  generated  hy  the  singeing  of  the  hairs  ot  tne  p  g 

ten  killed,  it  is  "scalded  "J    ,  g'ed  before  sca« 
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necessarily  aggravated  by  leaving  the  carcass  still  smoking  on  the  iDremises,- 
A  bucket'  of  cold  water  thrown  over  it  stops  the  smell  at  once. 

Other  sources  of  nuisance  are  the  fumes  from  the  smoking  chambers  where 
the  bacon  is  dried,  and  also  the  brine,  in  which  the  bacon  has  been  steeped, 
being  retained  on  the  premises  and  allowed  to  decompose.  The  mode  of 
avoiding  this  latter  nuisance  is  obvious. 

The  chief  remedy  is  to  so  conduct  the  business  in  closed  chambers  that 
the  fumes  from  the  burnt  hair  and  hot  steaming  carcasses  shall  be  burned 
or  condensed,  or  both,  and  then  discharged'  through  a  furnace  into  a  high 
chimney. 

The  preparation  of  bacon  from  imported  American  pork  may  at  times  be 
an  annoyance,  owing  to  the  warm  liquor,  in  which  the  pork  is  steeped, 
undergoing  putrefaction,  and  being  discharged  into  drains.  The  process 
employed  consists  in  first  steeping  the  pork  for  about  twelve  hours  in  water 
to  extract  the  excess  of  salt,  then  drying  it  in  a  hot,  closed  room,  warmed 
by  charcoal  fires,  and  subsequently  exposing  it  to  a  current  of  air 

FeU-Mongering  and  Leather-Making.— A  feU-monger  is  one  who  pre- 
pares skins  for  the  leather  dresser.  The  skins  may  be  either  fresh  or  old 
(foreign).  The  fresh  skins  are  beaten  with  a  mallet  to  free  them  from  dirt, 
and  then  soaked  and  washed  in  water.  The  skins  are  afterwards  limed  in 
order  to  remove  the  hair.  This  process  finished,  the  skins  are  hung  up ; 
and  when  the  hair  or  wool  can  be  readily  detached  it  is  removed  by  hand' 
When  denuded  of  hair,  the  skins  are  called  "pelts."  The  pelts  are 
thrown  into  a  pit  containing  milk  of  lime,  and  from  this  pit  go  direct  to 
the  leather  dresser.  Foreign  skins,  being  dry  and  hard,  first  require  soak- 
mg.  The  hair  is  not  removed  from  them  by  liming,  but  by  the  "  taintincr " 
process,  or  that  in  which  a  certain  decomposition  occurs  which  loosens  the 
wool ;  at  this  stage  the  hair  or  wool  is  readily  removed  by  hand. 

In  fell-mongering  "  the  chief  nuisance  is  the  storing  of  large  quantities 
ot  skins,  none  of  which  are  absolutely  free  from  adhering  portions  of  flesh 
but  the  other  operations  can  all  be  done  without  the  creation  of  nuisance' 
It  IS  true  that  large  quantities  of  skins  undergoing  the  'tainting'  process 
smell,  but  the  smell  seldom  extends  beyond  the  sheds." 

Leather-making  consists  of  two  chief  stages,  "tanning"  and  "curryin<T  " 
iannmg  is  essentially  a  chemical  preparation  of  the  skin,  or  a  conversion°of 
the  raw  putrescible  hide  into  an  imputrescible  and  more  or  less  flexible 
material  known  as  leather.  Currying  is  the  treatment  of  the  leather  by 
means  of  fatty  and  other  matters,  by  which  it  is  rendered  more  soft,  supple 
waterproof,  and  generally  improved  in  appearance.  ' 

Tanning  consists  in  treating  the  "pelts,"  after  removal  of  the  lime  by 
washing,  with  bark  or  some  substance  containing  tannin.  The  chief  sub- 
stances used  are  oak  bark,  divi-divi  (a  South  American  bean),  chestnut 
extract,  hemlock  extract,  valonia  (acorn  cups  from  the  Levant),  mimosa  bark 
fiatechu,  kmo,  sumach,  &c.,  &c.  The  ground  tan  is  placed  in  pits  made  of 
oeraent,  stone,  or  brick,  which  are  arranged  in  series  so  that  the  skins  are 
passed  through  successively  stronger  tan  liquors.  After  removal  from  the 
tan-pits,  the  leather  is  hung  on  poles  in  lofts  to  partially  dry ;  from  these 
poles  It  IS  transferred  to  heaps  or  piles  on  the  floor  to  "sweat"  a  little 
'-subsequent  y  the  leather  is  scraped,  oiled,  and  rolled  to  improve  texture  and 
s'lrtace,  and  is  often  coloured.    Some  hides  are  "shaved"  or  reduced  in 

'  f«l2,'-  ^  IP"?^"^-    "  ^"'^^  ^«  gl«^«  J^i^'      not  tanned,  but 

«mp%ed  "  ^''"''^^^  treatment  with  alum  and  salt  is  the  chief  means 

In  the  currying  processes  the  leather  undergoes  further  steeping,  heating, 
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Stretching,  and  drying.    After  tins  it  is  oiled ;  various  kinds  of  oil  are  used, 
such  as  Avhale,  castor,  cod-liver,  linseed,  &c.,  &c.  ^,     ,  •  .    •  . 

The  sources  of  nuisance  from  tanneries  are  various.  The  chief  arise  from 
soUd  Avaste,  hair,  bits  of  flesh,  fat,  skin,  &c.,  as  well  as  from  the  debris  from 
the  bottom  of  the  lime-  and  tan-pits.  In  the  preparation  of  certain  superior 
kinds  of  leather  the  pelts  are  placed  in  so-called  cleaning  pits,  which  contain 
duncr  or  urine.  These  liquors  have  usually  an  abominable  odour,  and 
unless  the  process  is  performed  in  a  suitable  shed,  so  constructed  that  the 
contaminated  air  passes  into  either  a  tall  chimney  or  through  a  fire,  a 
nuisance  is  certain  to  be  created.  To  these  possibihties  of  offence  must  be, 
added  the  isossibility  of  the  presence  of  arsenic  in  skins  which  have  been 
roughly  cured  abroad.  Wash-water  from  these  skins,  treated  with  arsenic 
and  lime,  readily  generate  sulphuretted  hydrogen,  sulphide  of  arsenic  and 
subsequently  arsenious  and  sulphurous  acids.  The  dangers  from  these- 
poisons  are  best  obviated  by  adding  salts  of  iron,  which  form  insoluble 

arseniates.  .  .     .  j_   nr  n 

.    The  remedies  for  the  chief  sources  of  complaint  m  respect  of  f ell-mongeries 
and  tanneries  follow  lines  more  or  less  indicated  for  other  trades  of  this 
kind     The  first  essential  is  the  construction  of  premises  adapted  to  the 
business.    The  more  carefully  they  are  so  adapted  to  the  Avork  the  less 
Hkelihood  is  there  of  a  nuisance  arising.    All  pits  should  be  water-tight  and 
the  floors  around  smooth,  impermeable,  properly  sloped,  and  well  f  "ered 
The  walls  of  the  building  should  be  of  hard  smooth  material,  so  that  they 
do  not  absorb  dirt,  and  can  be  frequently  washed.     The  whole  of  the 
premises  should  be  freely  open  to  the  air  and  light.    The  conveyance  of 
ill  oftensive  skins  and  other  debris  to  and  from  the  tan-yard  should  al  A  ays 
be  in  covered  carts.    A  plentiful  supply  of  water  should  be  at  l^aT^^'J^  «^ 
hose,  as  well  as  ample  conveniences  for  the  workpeople  to  Av^sh  f^^^f^f  - 
'    dlue-Making.-This  important  article  is  obtained  by  boilmg  bones  (after 
the  fat  has  been  extracted),  hoofs,  horns,  scraps  cut  off  durmg  tl^f  F^Pf^' 
tion  of  skins  for  leather,  scraps  of  leather,  parchment,  &c. ;  m  fact,  from 
nearlv  every  kind  of  Avaste  animal  tissue.    "  These  various  materials  are  first 
'  Hmed  '  and  the  hme  afterwards  well  washed  out  with  water.    The  matters 
are  then  boiled,  the  fat  being  skimmed  off  the  top,  and  the  Avarm  hquid 
gSe  run  into  shallow  troughs  and  allowed  to  solidify.    The  solidified  mass  is 

'"""^^S^^^tlf^i"^  materials  used  in  this  business  readily  suggest  the 
posIble  nSStesAvhich  may  arise.  The  effluvium  from  the  b^^^^^^^^^^ 
in  particular  is  often  most  offensive  ;  to  this  must  be  added  the  smell  AMiicn 
emSates  fSm  the  debris  from  the  vats,  after  the  glue  has  been  drawn  off, 
S  commrnly  called  "scutch."  If  this  "scutch"  be  allowed  to  accumu- 
Lt~Sthig  odour  is  intolerable.  The  ^^on^^^  ^^f^j;^ 
removed  the  better.    In  order  to  remove  fat  from    ,  the     f,^*^^   ^^^^  j'^^ 

in  the  ODen  air  it  soon  becomes  offensive.  •  n  *   „  „„„  .  fin-<? 

NuSince  may  result  from  accumulations  of  raw  n-tenal  be  oi^^^^^^^^   t  is 

can  be  obviated  by  stacking  and  coA^ring  each  l^^^ '^f /^^f  ^^^^^^^^^ 
with  lime  ;  above  all  things,  it  must  be  kept  dry.    To  f^'^^'l^^l'''^^^^ 
boilers,  the  vapour  should  be  conducted  under  and  iiito  a  6^^^^^  '''%''Z^l 
or  into  a  scrubber  where  it  Avould  be  washed  and  condensed, 
always  be  conducted  finally  into  a  tall  chimney. 
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Ai-tificial  Manure-Making. — This  is  a  very  large  trade,  and  utilises  an 
enormous  quantity  of  material  which  otherwise  would  be  wasted.  The- 
artificial  manures  are  known  by  such  terms  as  "  blood  manure,"  "  bone 
manure,"  "  superphosiDhate,"  "  i^oudrette,"  &c.,  &c.  The  materials  used  in 
the  making  of  these  artificial  manures  are  of  the  most  varied  kind,  and 
include  : — the  debris  of  knackers'  yards,  offal  from  tanneries,  tripe  and 
trotter  boilers,  glue-works,  scutch,  shoddy,  hair,  bones,  bone-ash,  night-soil, 
coprolites,  fossil  remains,  animal  charcoal,  soot,  gypsum,  burnt  tar,  and 
certain  salines,  such  as  sulphate  of  ammonia,  common  salt  and  nitrate  of 
soda. 

During  the  process  of  manufacture,  impure  sulphuric  and  hydrochloric 
acids  are  largely  used.  These  acids  are  stirred  up  with  the  dry  material 
until  a  thick  paste-like  mass  is  produced,  the  consistence  of  which  varies. 
"  Superphosphate  "  is  prepared  from  a  mixture  of  mineral  phosphates  and 
ground  bones,  treated  with  sulphuric  acid.  "Poudrette"  is  the  name  of  a 
manure  in  the  form  of  a  dry  poAvder,  prepared  from  night-soil  treated  with 
sulphiuic  acid. 

It  is  obvious  that  the  general  atmosphere  of  Avorks  devoted  to  businesses- 
of  this  Idnd  is  ahvays  more  or  less  impure,  l^uisance  is  often  complained 
of  before'  the  materials  reach  the  works,  OAving  to  the  stench  caused  during 
their  conveyance  there.  This  can  be  obviated  by  their  being  brought  as  far 
as  possible  in  a  fresh  state,  and  ahvays  contained  in  air-tight  receptacles. 
The  highly  irritant  vapours  Avhich  arise  in  the  mixing  and  manipulation  of 
the  materials  should  invariably  be  either  condensed  and  run  into  the  drains  or 
be  carried  to  tall  chimneys  provided  with  efficient  furnaces,  Avhile  the  Avhole 
of  the  operations  should  be  conducted  within  large,  airy,  but  closed  buildings. 

Oil-Cloth  and  Linoleum-Making.— Oil-cloth  is  made  of  coarse  canvas,. 
Avhich  is  first  coated  Avith  size  and  afterwards  covered  Avith  a  coating  of  very 
thick  paint,  laid  on  Avith  a  troAvel  and  well  Avorked  in.  Both  sides  of  the- 
canvas  are  treated  in  this  Avay  ;  and  Avhen  one  layer  is  dry,  additional  ones 
are  similarly  treated.  Finally,  the  pattern  is  printed  on.  In  place  of  size, 
frequently  blood  and  lime  are  used.  The  drying  is  usually  conducted  in 
rooms  artificially  heated  to  180"  F. ;  and  during  this  stage  of  the  process 
very  offensive  vapours  are  given  off. 

Linoleum  consists  really  of  finely  poAvdered  cork  mixed  with  linseed  oil, 
and  rubbed  up  into  a  kind  of  cement  Avith  rosin  and  Kauri  gum.  "  These 
mgredients  are  heated  together  in  a  steam-jacketed  pot,  provided  Avith 
stirrers  and  an  air-tight  lid,  a  pipe  from  Avhich  conducts  the  vapours  into- 
the  furnace."  After  being  rolled  this  cement  is  ready  for  use,  about  46  lb 
being  mixed  Avith  56  of  the  ground  cork.  Colouring  matter  is  added, 
and  after  further  mixing  the  compound  is  rolled  out  into  sheets,  and  finally 
applied  to  the  canvas  made  of  jute.  Only  one  surface  of  the  canvas  is  thus, 
covered,  the  other  surface  being  protected  by  a  layer  of  "  backing,"  made 
of  size  and  pigment  or  varnish. 

In  this  business  there  is  some  danger  of  explosion,  both  during  the 
poAvdering  of  the  cork  and  Avhen  the  cork  and  cement  are  mixed.  The 
cement  may  take  fire  spontaneously,  and  also  the  fine  dust  floating  in  the 
•ur  is  liable  to  ignition. 

Similar  nuisances  may  arise  in  both  these  trades,  and  are  due  to  the 
vapours  given  off  by  the  hot  oil.  In  the  drying-rooms  of  oil-cloth  factories 
It  IS  hardly  possible  to  breathe  after  the  cloths  have  been  drying  for  soma 
'iour.s,  and  the  vapours  often  extend  over  considerable  distances.  The  only 
'•emedy  is  to  propel  the  vapours  by  means  of  a  fan  into  the  furnace,  the-, 
process  being  greatly  assisted  by  previously  passing  them  through  Avater. 
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India-Rubber  Making. — In  this  manufacture  and  in  vulcanising,  offensive 
•odours  of  sulphur  compounds  are  caused,  intermingled  with  those  of  tar-oils 
&c  The  crude  rubber  is  boiled,  washed,  and  incorporated  witli  sulphide  of 
antimony  or  sulphur.  It  is  subsequently  vulcanised  by  either  the  American 
nroce-'S  which  is  chiefly  mechanical,  or  by  the  English  process,  m  which 
naphtha  is  used  as  a  solvent.  Ballard  gives  the  processes  concerned  m 
.creating  nuisance  to  be  (1)  the  boiling  of  the  rubber;  (2)  the  use  of 
naphtha  •  (3)  the  discharge  of  steam  from  the  vulcanisers ;  (4)  the  drying 
■of  sheets  of  vulcanised  india-rubber  upon  steam-chests  after  washing  them, 
the  process  giving  an  odour  of  burning  rubber.  .    .  - . 

The  means  to  be  adopted  to  prevent  these  nuisances  are,— to  conduct  tne 
boiling  operations  in  covered  vessels,  to  use  a  ventilating  fan,  and  to  pass 

•the  effluvia  through  a  heated  furnace.  •  .    .  /i  x  «  j  • 

Varnish-Making  and  OU-Boiling.— Varnish  may  consist  of  (1)  drying 

•oils  "  which  become  hard  and  resinous  by  oxidation  m  the  air ;  (2)  of  oil 

varnishes  made  of  a  resin  and  a  drying  oil;  (3)  of  compounds  of  gums 

resins,  &c.,  in  a  volatile  liquid,  which  by  evaporation  eave  the  precipitated 

solids  as  a  glassy  coating.    The  principal  resins  used  are  copals,  dammar, 

animi,  and  kauri,  &c.    All  oils  have  not  the  same  properties  as  drymg  oils, 

linseed  oil  being  the  most  important  of  the  commercial  drying  of .  ihis 

valuable  property  of  drying  or  oxidising  is  increased  by  exposure  to  the  air 

an  a  thin  film;  by  heating!  or,  as  it  is  called,  boiling;  by  the  addition  o 

-driers"  or  substances  which  hasten  desiccation  by  parting  with  some  ot 

their  own  oxygen,  or  acting  as  carriers  of  atmospheric  oxygen ;  the  chief  of 

these  are  sulphate  of  zinc,  peroxide  of  iron,  and  protoxide  of  lead.  The 

two  latter  are  true  oxidisers,  while  the  first  acts  by  assisting  the  separation 

of  vegetable  albumin  and  other  substances  which  huider  the  drymg. 

The  actual  processes  employed  in  these  businesses  are  practicaUy  those  of 
melting  and  fusion.  The  vapours  given  off  are  very  pungent  and  irritating, 
rffecting  the  eyes  and  causing  headache,  malaise  nausea,  and  vomi  mg. 
The  essLtialagLt  in  these  offensive  and  far-reaching  va,.ours  is  ac^^^^^^^^^^ 
which  is  a  product  of  the  decomposition  of  glycerin  It  ^  ^  light,  volatile 
liquid  of  low  specific  gravity,  with  a  boiling  pomt  of  aboiit  1.0  J^  . 

The  only  effective  method  of  preventing  nuisance  is  to  have  the  pot  in 
.hich  these' materials  are  heated  covered  with  a  hood,  -^^-^^^^l^  ^ 
-orovided  with  a  fan,  conducts  the  vapour  into  a  fire  The  nuisance  is 
?sX  so  great  that  a  special  hot  coke  fire,  comiected  with  a  high  chimney, 
should  be  provided  to  destroy  these  vapours.  ,„p1i 

Paper-Making.-Paper  is  now  made  from  a  variety  of  substances,  such 

thev  may  heat  and  ignite  spontaneously  through  slow  combustion. 

Ve  Luminary  preparation  of  rags  and  paper  for  P^Pf  f^^mg  coi^^Bte 
j.iie  pitjxiuiiiiaij  I    1  AffoT  tli^n  thpv  are  cut  into  small  pieces 

liquid  and  acid.    Their  subsequent  treatment  does  not  differ  from  that 

"^^pargias,  after  a  preliminary  '^y.Pl"^-;^-'  "'J^KS 

is  boiled  with  a  eaustic  alkali  in  a  closed  bo.ler  mto  J^f^^^^^^^'Zei 
under  pressure.    The  resulting  hquor  is  always  veiy  foul,  and 
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into  the  nearest  stream  is  run  into  a  store  tank.  From  this,  by  subsequent 
evaporation  and  incineration  of  the  residue,  soda  is  recovered,  and  constitutes 
;i  valuable  economical  operation.  From  the  esparto  or  rag  pulp,  paper  is 
eventually  made  by  a  series  of  mechanical  procedures  which  do  not  suggest 
sanitary  questions. 

It  is  the  esparto  liquid  which  is  the  chief  source  of  nuisance  and  offence. 
It  has  the  colour  of  strong  tea,  is  alkaline,  strongly  reducing,  and  emits  a 
most  offensive  odour.  It  should  never  be  permitted  to  be  run  into  any 
stream  or  ditch  near  habitations.  Annoyance  commonly  arises  from  the 
vapours  given  off  during  the  boiling  processes  and  from  the  mass  of  pulp 
while  cooling.  But  the  recovery  of  the  soda  usually  leads  to  a  greater 
luusance,  partly  from  the  vapours  yielded  by  the  evaporation,  but  stiU  more 
from  the  pungent  empyreumatic  fumes  produced  by  the  ignition  of  the 
residues  from  the  store  tanks. 

All  vapour  should  be  conducted  by  a  flue  into  a  tall  chimney,  while  the 
fumes  produced  during  incineration .  should  be  conducted  under  and  into 
furnace  fires. 

Some  sanitary  dangers  exist  in  the  employment  of  poisonous  colouring 
agents  for  paper,  but  their  effects  are  less  apparent  in  the  actual  industrial 
processes  than  upon  children  and  others  handling  or  sucking  the  finished 
article.  The  use  of  poisonous  colouring  matters  needs  to  be  absolutely 
forbidden,  as  being  both  dangerous  and  unnecessary. 

Manufacture  of  AlkaH.— This  industry  has  been  the  subject  of  special 
legislation,  more  particularly  with  reference  to  the  gases  and  acid  fumes  which 
are  produced.  Improvements  in  apparatus  for  washing  the  issuing  gases  have 
materiaUy  reduced  the  prevalence  of  nuisances  from  this  cause ;  moreover 
the  admmistration  of  the  Alkali  Act  being  supervised  by  special  inspectors 
Jias  largely  removed  this  matter  from  the  domain  of  the  sanitary  officer. 

Apart  from  this,  however,  the  industry  in  certain  special  features  directly 
concerns  the  sanitary  authorities,  owing  to  nuisances  which  arise  from  what 
IS  known  as  "tank  waste."  To  appreciate  the  nature  of  these  possible 
nuisances,  it  is  necessary  to  refer  briefly  to  the  materials  used  in  the  actual 
manufacture  of  alkali. 

These  materials  are  common  salt,  sulphuric  acid,  limestone,  and  coal.  The 
?alt  IS  decomposed  by  sulphuric  acid  and  heat,  resulting  in  the  production 

sulphate  of  soda  with  liberation  of  fumes  of  hydrochloric  acid.  The 
'Ulphate  IS  mixed  with  limestone  and  coal  and  heated,  the  ultimate  product 
'eing  a  mixture  of  unburnt  carbon,  sodic  carbonate,  and  calcium  sulphide  : 
he  tormer  gives  the  whole  mass  a  black  colour,  hence  the  name  of  "black 
'  1  ■  A      *  1  ^  ^^^^^  treated  with  water,  the  sodic  carbonate  is  dis- 

'Oived  out,  leaving  a  residue  known  as  "  tank  Avaste." 

The  main  "  source  of  nuisance  from  these  waste  heaps  is  the  soluble  matter 
^mch  IS  a  sulphuretted  compound  of  calcium  of  indefinite  composition,  but 
mch  18  mainly  composed  of  sulphide  of  calcium,  partly  converted  by 
'xmation  into  hyposulphite  of  calcium,  and  holding  in  solution  with  it  a 
'•nsiderable  but  indefinite  quantity  of  sulphur."    If  these  waste  heaps 
om  rain  or  any  other  cause,  become  moistened,  they  are  liable  to  emit  large 
oiumes  of  sulphuretted  hydrogen  which  are  a  constant  nuisance  and  offence 
1  recent  years  some  success  has  attended  efforts  made  to  so  utilise  the 
,mn    ,  ^V^^®.  sulphur  contained  in  these  heaps  may  be  extracted  bv  ap- 
jopnate  chemical  treatment.    The  processes  adopted,  in  theory,  should  not 
auce  any  nuisance,  but  practical  experience  shows  that  sulphuretted 
1  innS      not  unfrequently  evolved,  with  the  result  that  the  control  and 
'inagement  of  these  mounds  of  black  ash  waste  in  the  vicinity  of  alkali 
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works  still  constitute  a  frequent  source  of  anxiety  to  sanitary  authorities  in 

whose  districts  they  are  situate.  •    t,i   n  „„„ 

Other  Trades  associated  with  the  Generation  of  Irrespirable  Gases.— 

In  addition  to  the  foregoing  there  are  a  number  of  other  businesses  which 
possess  the  common  feature  of  generating  more  or  less  of  certain  gases  which 
are  not  only  offensive  to  the  smell,  but  which  produce  readily  or  immediately 
crreat  irritation  of  the  respiratory  passages.    Among  mdustries  of  this  kind 
we  may  mention  more  particularly  the  manufacture  of  oxalic  acid  from  saw- 
dust the  distillation  of  wood  for  the  purposes  of  obtaining  wood  naphtha 
and  pyroligneous  acid,  the  making  of  coal  gas,  the  distillation  of  tar,  the 
manufacture  of  carbolic  acid,  the  making  of  sulphate  of  ammonia  and  sal- 
ammoniac  from  the  ammoniacal  liquor  of  gas-works,  the  making  of  sulphuric 
acid  and  salt,  the  manufacture  of  chloride  of  lime  and  of  glass,  tin  burning 
and  the  making  of  tin-plates,  copper  smelting,  the  calcining  of  arsenical  ores 
the  making  of  coke  and  breeze,  lime  burning,  ballast  burning,  the  firing  ot 
pottery,  and  the  making  of  bricks  and  of  cement.    These  atter  two  busuiesses 
have  been  mentioned  already  elsewhere  on  page  178  ;  the  others,  while  in- 
volving the  use  of  materials  largely  differing  from  each  other  have  this  m 
common,  that  in  the  greater  number  the  causes  of  offence  and  nuisance  are 
such  gases  as  chlorine,  sulphurous  acid,  sulphuretted  hydrogen  citrous  acid 
carbon  monoxide,  carbon  dioxide,  marsh  gas  (methyl  hydride),  and  oMant 

ffio-Temedial  or  preventive  agents  free  ventilation  takes  the  first  place ; 
sup^ernta  y  to  it  may  be  mentioned  the  employment  of  flaimel  respirators 
dlped  witl/water,  o J  in  the  case  of  chlorine  fumes       ^  f  ^^^f^^  ° 
sulphite  of  soda.    Practically,  in  the  majonty  of  these  trades  he  t^«de 
of  nreventin-  danger  to  health  is  to  pass  the  deleterious  vapours  fiom  kihis 
ll  otJrer  o^irerato°  s  by  a  suitable  hood  and  flue,  assisted  by  a  fan  if  necessary 
tougi  a  toace,  aii  thence  into  a  tall  chimney.    ^  ^^^^^^ 
may  be  made  to  deal  with  the  nuisance  by  condensmg       ^^^^^  ^^^^^^^^^ 
in  a  cold-water  scrubber,  or  by  passing  them  through 
as  sawdust,  alkahes,  milk  of  lime,  and  oxides  of  ^.^P^^^^^  ^^ike  nS 
oxidising  media,  such  as  lead  and  manganese  dioxide.    Even  these  metiiods, 

hoAvever,  are  not  always  successful.  m-Pmratiou: 
Man^acture  of  Horse-hair.-A  large  industry  exists  or  the  F^^^  '^^"''J 
of  hair  for  mattresses,  chairs,  brush-making,  &c.  The  hair  so  used  ,s  not 
hm  ted  to  that  of  the  horse,  as  cow  and  pig  hair  ^re  also  employed  The. 
Zes  and  tails  of  horses  and  the  tails  of  cows  are  the  parts  chiefl  ^ised 
Se;Ahe  best  quahty  of  hOrse-hair,  all  these  are  -ore  or  less  filthy  and 

hairs  which  have  been  previously  overlooked.  ...i^i^uj,  iu  a 

The  long  white  hairs  are  bleached  by  exposure  to  §  k  S 

closed  chamber;  the  long  coloured  hairs       , ^y^^^' ^ 
wood  and  protosulphate  of  iron     The  short  hair  ^;^f,^;"^*^\"\f,, keying  " 
sometimes  not.    If  very  dirty  they  are  teased  f."^^,        .^4  ^  ^^^^e^^'^i^ 
machine ;  the  resulting  fine  dust  is  f    .^^^^^  ^^^f  ^^^^^^^^^^^^^^^^ 
of  into  a  furnace  flue  ;  the  heavier  dust  is  f 'l^^^^J/;;,  airt  on; 

The  short  hair  when  cl,^ed  ^^^^---^  ::J  X\:^t^teA  into  a 
sometimes  it  is  winnowed  first.    The  hau      ^"^^"^^  /         ^^^^  on  re- 

sort of  rope  by  a  curling  machine,  it  is  l^^'^' f.^'^''}^^^^^^^ 
moval  placed  in  ovens  at  a  high  temperature,  after  which  the  i 
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The  chief  sources  of  nuisance  in  connection  with  hair-works  care  the 
4ench  from  the  vapours  of  the  dye-vat,  and  from  the  hot  liquor  discharged 
a  to  drains.  The  statutory  limit  of  temperature,  above  which  liquids  are 
aadmissible  into  sewers,  is  80°  F.  The  only  remedy  against  the  stenches 
lom  the  dye-vats  is  the  use  of  a  water-sealed  lid,  Avith  hood  and  a  flue 
.)nducting  the  vapours  into  a  scrubber  or  cold-water  tank.  Mere  discharge 
a  to  a  chimney  is  rarely  effective  against  amioyance.  Wearing  a  respirator  by 
!ie  workpeople  appears  to  afford  but  a  comparatively  slight  protection,  as  the. 
isease  is  not  infrequently  contracted  by  inoculation  through  abrasions  of 
!ie  skin.  As  regards  the  nuisance  fi-om  the  discharge  of  hot  liquors  into 
rains,  the  only  remedy  is  not  to  so  discharge  them  until  cold. 

Another  evil  in  connection  with  this  industry  is  the  possibility  of  infec- 
on  with  anthrax.    It  is  due  to  infection  by  means  of  virus  attached  to  the 
an-  from  aiiimals  which  have  suffered  from  the  disease,  and  is  practically 
lentical  with  the  subject  of  the  succeeding  section  upon  Avool-sorting. 
Wool-sorting.— A  Avool-sorter  is  a  person  who  divides  the  wool  of  a  fleece 
nito-"'sorts"  or  classes  of  various  qualities,  that  is,  the  coarser  and  finer 
I'oriions  are  placed  apart  in  separate  bundles.     In  connection  with  the 
uooUen  m(;lustry  this  sorting  constitutes  an,  important  form  of  labour, 
W  hen  a  dry,  dusty  material  is  being  sorted,  such  as  mohair,  alpaca,  and,' 
amel  s  hair,  there  is  always  much  dust  in  the  air  of  the  sorting-room ;  but 
u  hen  sheep's  wool  is  being  sorted,  owing  to  the  gi-easiness  of  the  fleece, 
us  IS  not  the  case.    The  sorting  of  wool  is  usually  performed  over  a  mov- 
ible  wire,  grating  covering,  an  opening,  through  and  into  which  dust  and 
lie  other  fine  matter  falls.    Dust  is  generated  not  only  during  the  actual 
■rting  of  wool,  but  also  during  the  opening  of  bales  or  other  large  packaRcs 

t  wool.  D    jr  D  . 

Owing  to  the  prevalence  of  anthrax,  malignant  pustule  or  charbon^ 
anong  certain  animals,  a  great  liability  to  the  infection  of  this  disease 
Kists  among  herdsmen,  skinners,  slaughtermen,  unloaders  of  cargoes  of 
des,  and  the  manipulators  of  various  wools  and  hairs.    In  this  respect 
he  most  dangerous  wools  imported  into  this  country  are  those  from  the 
listricts  around  Lake  Van  and  from  Persia.    There  is  liability  to  infection 
'v  the  spores  and  bacilli  of  anthrax  in  any  of  three  Ayays— either  by  inocu-- 
ation  through  Avounds  of  the  skin,  by  swallowing,  or  by  inhalation.  In 
-nous  cases  a  fatal  termination  may  result  in  twenty-four  hours,  aiwl  is 
•rely  postponed  beyond  three  to  four  days.    In  other  cases  the  attacks  are- 
latively  shght. 

In  1898  there  were  twenty-eight  reported  cases  of  anthrax.  Sixteen 
•ere  connected  Avith  the  woollen  industry,  eight  with  the  handling  of  hidea 
|ia  skins,  three  from  horse-hair,  and  one  not  accounted  for.  Inquiry^ 
howed  that  the  occurrence  of  anthrax  in  the  combing  and  carding  rooms: 
'  as  not  due  to  the  processes  carried  on  in  these  rooms,  but  to  the  conveyance 
'10  them  of  infected  dust  from  unwashed  dangerous  wool  outside ;  defective 
nangements  in  connection  with  the  Avilleying  machine  caused  the  dust  ta 
'.tl'r''"'  fjf\the  workers'  faces.  The  remedy  appears  to  lie  in  the  dis- 
Oection  of  the  hair  before  sorting,  by  submitting  it  to  the  process  of  boiling 
■ncl  dyeing  before  dealing  further  witli  it. 

n^it''  i"g       sanitary  precautions  necessary  in  the  conduct  of  this, 

'.usmess  the  following  regulations,  modified  from  those  originally  drafted  by 

4vpnWl  ^^'^  ToAvn  Council  of  Bradford,  may  be 

'^nvemently  quoted  m  this  place:— 

«mditionShplrr- 7        «V",H°P"°''l  skilled  in  judging  ti.e 

maition  of  the  material.    If  he  find  the  contents  unobjectionable,  they  shall  be  sorted 
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in  the  ordinary  way.  If,  on  opening  any  bale,  dead  or  fallen  fleeces  or  damaged 
materials  are  found,  such  bale  shall  be  at  once  taken  from  the  room  where  opened,  and 
dealt  with  as  noxious.  All  Van,  Persian,  damaged  wool,  fallen  fleeces,  and  foreign  skm, 
wool  or  hair  shall  he  deemed  noxious,  and  shall  not  be  opened  in  the  sorting-room. 
All  wool  or  hair  shall,  before  sorting,  be  thoroughly  saturated  with  water  and  then 
washed  in  hot  suds,  rolled  and  sorted  while  damp,  or  if  steeping  would  be  injurious  to 
the  article,  then  it  shall  be  disinfected.  .  ,  i,  ,  a  :„ 

2  No  noxious  material  (alpaca,  pelitan,  or  East  Indian  cashmere)  shall  be  opened  in 
the  sortine-room,  but  in  a  place  specially  set  apart  for  the  purpose,  separate  and  distinct 
from  the  sorting-room,  and  all  such  material  shall  be  opened  over  a  fan  by  some  person 
pnnflhip  of  iudeine  the  condition  of  the  material.  ,  ,    .  , 

3  The  sortinl-rooms  for  all  dry  and  dusty  materials  shall  be  provided  with  extract- 
ing fans  so  arranged  that  each  sorting  board  shall  be  independently  connected  with 
th!  extracting  shaft,  in  order  that  the  dust  arising  from  the  material  being  sorted 
may  be  drawn  horizontally  or  downwards,  and  thus  prevented  from  injuring  tlie 

^""^^r^The  dust  collected  by  the  fan  must  not  be  discharged  into  the  open  air  but  be 
received  into  property  constructed  catch-boxes.  It  must  be  afterwards  burnt.  The 
catch  boxes  should  be  emptied  at  least  twice  a  week.  The  sweepings  from  Aoors  walls, 
and  from  under  the  wire  gratings  or  "hurdles"  shall  be  similarly  treated.  All  pieces 
o?  deacnkhi,  scab,  and  clippings  must  be  removed  weekly  from  the  sortmg-room,  and 
must  not  be  dealt  with  or  sold  until  they  have  been  disinfected. 

5  All  bags  or  coverings  in  which  wool  or  hair  has  been  imported  shall  be  picked 
clean  and  not^  brushed,  an3  such  bags  shall  not  be  sold  or  used  for  any  other  purpose 
until  they  have  been  disinfected.  ,  .n.-ppj 

6.  No  sorter  having  any  exposed  open  cut  or  sore  upon  his  person  shall  be  allowed 


to  sort 
7. 


,.  A  suitable  room,  outside  the  sorting-room, .shall  be  provided  in  which  the  sorters 

can  leave  their  coats  during  working  hours.  „„,+prc'  fnnd  out  of  the 

8  Proper  provision  shall  be  made  for  the  keeping  of  the  sorters  food  out  ot  me 
sorting-room.    No  meals  shall  be  taken  in  the  sortmg-room. 

9  The  sorting-rooms  shall  be  well  ventilated,  by  fans  or  ^  ^^"^^^^^^^^^^^ 
not  be  effectually  accomplished  by  open  windows  only,  power  shall  be  emp^^y^  to 
™  downward  or  horizontal  ventik^^      so  arranged  as  to  protect  the  workmen  from 
draught     The  sorting-rooms  shall  be  warmed  during  cold  weather.    Windows  shall  be 
kept'open  during  meal  hours.            ,  .  ,, 

10  No  wool  or  hair  shall  be  stored  m  the  sorting-rooms.  t„„f<.„f 

11  The  floor  of  the  sorting-room  shall  be  thoroughly  spmkled  with  a  disiuf  ectan^ 
so  as  to  allay  dust,  and  swept  daily  after  work  is  over  The  sorting-room  shall  be 
thoroughly  disinfected  and  the  walls  thereof  limewashed  at  least  once  a  year 

12  Requisites  for  disinfecting  and  treating  scratches  and  slight  wounds  should  be 

Y3"%';;^r  pSrX^^  be  made  for  the  sorters  to  wa.h  in  or  near  the  sorting. 

'°°U.  A  copy  of  these  precautionary  regulations  shall  be  hung  up  in  a  conspicuous  place 
in  every  sorting-room. 

Trades  associated  with  the  use  of  Poisonous  Metals.-There  are 

practically  six  metals  used  in  the  arts  and  manufactures  which  more  or  le^ 
Kt  Se  health  of  the  workers  in  them  ;  these  metals  are  arsenic,  chromium, 

'''^iS'if^:^^^^^  ^^o^  its  ores  by  roasting,  or  hy  being 
exposed  to  a  current  of  heated  air  in  a  reverberatoy  furnace,  arsenious  a«d 
S  formed  This  is  carried  off  as  a  vapour  into  long  flues  where  it  is  pr^ 
Metallic  arsenic  is  rarely  used  except  in  the  making  of  shot,  to 
S^htLesf  Ti:e%m;^^^^  of  tl/e  flues  or^^j^^^ 
fcid  has  condensed  is  a  dangerous  operation  for  "-^^^^^^^^^^^ 
adoption  of  special  leather  suitings  and  head-pieces     ^^  f'^^J"^^^^^^^ 

solution  of  continuity  of  the  skm. 
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Prevention  of  poisoning  depends  largely  upon  the  personal  hygiene  of  the 
workmen,  who  should  maintain  great  personal  cleanliness,  avoid  taking  any 
food  or  drink  in  the  workrooms,  regularly  change  their  clotliing  before  leaving 
:he  workshops,  shave  the  face  daily,  and  keep  the  hair  short.  All  arsenic 
works  should  have  suitable  condensing  chambers  and  be  adequately  ventilated. 
N^o  water  containing  arsenic  should  be  discharged  into  either  sewers  or  streams. 
All  persons  who  show  symptoms  of  being  affected  by  arsenic,  no  matter  how 
trivially,  should  be  at  once  removed  from  the  influence  of  the  poison. 

Chromium  salts  are  chiefly  employed  in  calico-printing  and  calico-dyeing ; 
!  they  are  also  used  in  mordanting  avooI  and  in  the  dyeing  of  silk  and  linen, 
;  as  well  as  in  glass  and  porcelain  painting.  Poisoning  follows  the  swallowing 
I  of  small  quantities  of  these  chrome  salts,  the  symptoms  being  not  unlike 
I  those  of  poisoning  with  arsenic  or  mercury.  The  danger  following  the 
:  industrial  use  of  the  chromates  depends  less  upon  the  risk  of  swallowing 
1  them  than  upon  their  action  on  the  skin  and  mucous  membranes,  where 
I  they  cause  destructive  ulceration.  The  pulverising  of  the  chrome  ironstone, 
which  is  the  principal  ore  of  chromium,  does  not  appear  to  produce  these 
:  specific  injuries,  but  is  chiefly  objectionable  by  virtue  of  its  being  a  dust. 
I  On  the  other  hand,  grinding  of  the  chromates  is  particularly  off'ensive. 
'  The  fine  dust  falls  on  the  skin  and  adlieres  to  moist  parts,  which  it 
I  quickly  irritates,  acting  with  the  greatest  severity  on  the  nasal  mucous 
:  membrane.  * 

These  latter  effects  are  minimised  by  the  use  of  respirators  soaked  in  a 
:  solution  of  bismuth,  which  forms  with  chrome  dust  an  insoluble  compound. 
.  At  all  times  the  operation  of  pulverising  these  dangerous  salts  should  be  done 
:  in  a  closed  chamber,  provided  with  well-fitting  glass  windows  to  allow  of 
I  observation  of  the  progress  of  the  work.    The  chimneys  of  all  calcining  ovens 

•  must  be  furnished  with  means  to  draw  off  the  dust  and  fumes  into  suitable 
I  chambers,  in  order  to  prevent  destruction  of  neighbouring  vegetation  and 
:  mjury  to  men  and  animals.  Care  needs  also  to  be  taken  that  pollution  of 
;  ponds,  rivers,  and  rain-water  does  not  occnr. 

Lead  is  used  in  a  great  variety  of  industries,  and  constitutes  a  most 

■  important  article  of  commerce.  Poisoning  by  this  metal  is  also  far  from 
'  uncommon,  it  being  introduced  into  the  system  either  by  direct  absorption 
1  through  the  skin  or  mucous  membranes,  or  by  the  inhalation  of  the  vapour 
'  or  powder  produced  in  certain  stages  of  its  manufacture. 

Among  the  more  important  industrial  operations  in  which  danger  from 
1  lead-poisoning  is  liable  to  arise  are,— varnishing  of  leather,  and  the  imparting 

•  of  a  glaze  to  visiting  and  playing  cards ;  the  making  of  artificial  flowers, 
1  leaves,  and  jewels ;  the  weighting  and  dyeing  of  silk  and  alpaca ;  the 
!  preparation  of  lace  and  straw  hats ;  the  preparation  of  paints ;  calico-print- 
1  ing  and  dyeing ;  the  glazing  of  pottery,  bricks,  &c. ;  the  enamelling  of  iron 
1  plates  and  hollow  ware ;  file-cutting,  glass-cutting,  type-founding,  and  type- 

setting.  Lead-mining  operations  are  not,  as  a  rule,  characterised  by  any 
!  special  danger  of  lead-poisoning.  During  the  smelting  of  the  ore,  however, 
!  the  risks  are  greater,  as  there  is  always  more  or  less  of  vaporised  lead  given 
'  off  with  the  sulphur  dioxide.  For  this  reason,  smelting  always  necessitates 
1  the  use  of  condensing  chambers,  and  the  application  of  water  in  the  form  of 
'  either  a  shower-bath  or  steam. 

In  the  making  of  red  lead  much  dust  is  produced  ;  and  the  escape  of  dust 
'  or  vapour  from  the  furnaces  requires  constant  control.    The  grinding  of  the 

•  minium  is  also  attended  with  danger,  necessitating  the  use  of  closed  chambers. 

■  As  regards  white  lead  or  the  carbonate,  the  manufacture  is  much  more 
'  dangerous  when  carried  out  by  some  processes  than  by  others.  Three 


862  OFFENSIVE  TRADES. 


processes  are  in  common  use:  (I)  Thenard's  method,  by  which  the  carbon- 
ate is  developed  directly  by  the  action  of  carbon  dioxide  on  the  lead ;  (2) 
the  Birmingham  method,  in  which  tlie  carbon  dioxide  given  off  in  the  com- 
bustion of  coke  is  utilised  for  the  same  purpose ;  (3)  the  Dutch  method,  in 
Avhich  acetic  acid  is  slowly  volatilised  in  pots,  on  the  top  of  wliich  thin  sheets 
of  lead  are  placed.  The  lead  is  oxidised  so  as  to  form  subacetate  of  lead ; 
this  is  a»ain  decomposed  by  carbon  dioxide  evolved  from  quantities  of  tan 
in  which  the  pots  are  placed,  the  whole  collection  of  pots  piled  one  on  the 
top  of  the  other  being  technically  known  as  a  "  stack." 

This  Dutch  method  is  still  the  most  extensively  used  and  is  distinctly  the 
most  dangerous.  When  the  conversion  of  the  lead  into  a  carbonate  is 
complete,  girls  enter  the  stack,  place  the  white  lead  in  trays,  and  carry 
these  first  to  rolling  mills  and  subsequently  to  drying  stores,  kept  at  a 
temperature  of  200°  F.  After  being  dried,  the  white  lead  is  ground,  washed, 
and  then  dried  to  a  very  fine  powder.  The  women  engaged  in  removing 
the  white  lead,  and  in  the  various  storing,  grinding,  and  packing  operations, 
are  the  chief  sufferers  from  plumbism  in  this  industry. 

Among  the  important  preventive  measures  to  be  adopted  by  workmen 
are  the  Avearing  of  gloves  and  the  inunction  of  the  hands  and  face  with  oil 
or  'o-rease  The  conveyance  of  the  carbonate  from  the  stacks  should  be 
effected  with  care  and,  if  possible,  by  covered  shoots.  The  grinding  should 
be  performed  by  rollers  in  a  closed  chamber,  fitted  with  an  exhauster  to 
draw  off  the  dust  into  a  condenser,  water-bath,  or  other  receptacle.  Wet 
crrindino-  would  mitigate  many  of  the  evils  here  indicated. 

The^'committee  appointed  by  the  Home  Office  to  report  on  the  employ- 
ment of  compounds  of  lead  in  the  manufacture  of  pottery  (1899)  state  that 
no  practical  difficulties  result  in  the  pottery  and  allied  trades  from  the 
general  substitution  of  "fritted  lead"  for  "raw"  lead.  Such  a  compound 
mav  be  made  by  "fritting"  an  intimate  mixture  of  htharge,  flmt,  glass 
borax,  china  clay,  and  ground  flint.  In  the  interest  of  the  pubhc,  as  weU 
as  that  of  the  worker,  they  recommend  that  the  amount  of  fritted  lead 
in  the  dipping  trough,  calculated  as  lead  monoxide,  should  not  exceed  12 
Tier  cent  of  the  dried  materials.  They  further  recommend  that  the  use  of 
"raw"  lead  should  be  absolutely  prohibited,  and  that  young  persons  and 
women  should  be  excluded  from  employment  as  dippers,  dippers  assistants, 
ware-cleaners  after  dippers,  and  glost  placers  in  factories  where  lead  glaze 

^The  personal  hygiene  of  the  workmen  is  of  the  first  importance,  and  above 
all  personal  cleanliness  is  essential.  Clothes  should  be  made  close  fitting  at 
the  neck  and  wrists,  and  what  is  worn  in  the  workshop  should  be  left 
there  and  another  suit  worn  at  home.  The  use  of  warm  baths  should  be 
encouracTed,  and  on  no  account  should  any  food,  solid  or  liquid,  be  taken  until 
?he  mouth  s  rinsed  out  with  water,  the  hands  washed,  and  the  tee  h  brushed 
If  ciCnstances  prevent  workmen  leaving  the  premises  at  meal  times,  they 
shouldTe  provided  with  a  room  for  meals  distinct  and  detached  from  the 
^ZkvlLl  No  workmen  who  has  already  shown  a  predisposition  to 
rumbism  should  be  allowed  to  continue  the  work ;  and  all  persons  having 
onen  sores  should  be  excluded  from  the  workshops.  The  drinking  of 
Slated  d  nl  s  or  the  constant  taking  of  iodide  of  potassmm,  should  be 
d  Ita^^^^^^^  doses  of  sulphur,  as  favouring  the  formation  of  an 
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stantly  moistened  with,  either  chloride  of  calcium  in  solution  or  by  water. 
A  periodic  medical  exammation  is  required  under  sjDecial  rules  for  all  pro- 
cesses in  which  lead  is  used.  Lead  poisoning  is  one  of  the  diseases  in  which 
notification  by  the  medical  practitioner  is  compulsory  under  the  Factory 
and  AVorkshops  Act. 

Mercury  is  another  important  article  of  commerce,  chiefly  met  with  as 
the  sulphide  or  ciimabar  (vermilion)  and  sometimes  as  calomel  or  sub- 
chloride.  Among  the  trades  in  which  mercury  in  some  form  or  another  is 
used,  and  in  which  danger  arises  to  the  workpeople,  may  be  mentioned  the 
following : — 

Bronzing,  or  that  business  in  which  plaster  objects  are  given  a  metallic 
appearance  by  rubbing  them  with  an  amalgam  consisting  of  equal  parts  of 
mercury,  tin,  and  bismuth,  and  subsequently  varnishing  them.    In  hat- 
making  the  skins  are  often  rubbed  with  a  coarse  brush,  damped  with  a  10 
per  cent,  solution  of  acid  nitrate  of  mercury  (a  process  technically  known 
.  as  garrotting).    In  the  subsequent  operations  of  shaking,  clouds  of  mercurial 
'  dust  are  spread  about,  to  the  great  danger  of  the  workpeople,  among  whom 
:  mercurial  poisoning  is  not  uncommon.    This  sequence  of  events  is  also 
:  frequent  in  the  operations  of  preserving  and  stuiiing  the  skins  of  animals, 
:  from  the  fact  that  an  arsenical  soap  and  corrosive  sublimate  are  largely 
used.    These  materials,  on  desiccation,  generate  a  dust  which  permeates  all 
the  workrooms  and  may  cause  all  the  symptoms  of  poisoning  by  these 
:  metals.    Gilding,  in  which  a  mercurial  gold  amalgam  is  employed,  i's 
;  another  dangerous  occupation,  the  workpeople  being  liable  to  intoxication, 
both  during  the  preparation  of  the  amalgam  and  in  its  application  to  objects 
I  to  be  gdded.    The  manufacture  of  incandescent  electric  lamps,  where  mer- 
(curial  pumps  are  used  to  produce  a  vacuum,  and  electrical  engineering, 
1  mercury  being  used  in  amalgamating  zinc  plates,  are  dangerous  occupations,' 
;  as  mercurial  vapours  are  largely  volatilised  during  all  these  operations.  Arti- 
1  ficial  flower-makers  are  also  exposed  to  the  danger  of  mercurial  poisoning, 
K  owing  to  the  employment  by  them  of  the  dangerous  mercurial  pigments,  such 
;  as  the  chromate,  the  biniodide,  and  tlie  sulphide.    Photographers,  electric 
1  battery  makers,  and  also  those  engaged  in  making  thermometers  and  baro- 
I  meters,  are  all  exposed  to  risks  of  mercurial  poisoning,  the  liability  to  this  beino- 
i  all  the  greater,  as  mercury  is  a  metal  so  volatile  that  it  gives  off  vapour  at  aU 
I  temperatures,  and  can  undoubtedly  be  absorbed  through  the  unbroken  skin. 

The  sanitary  precautions  demanded  in  these  mercurial  trades  necessarily 
IfoUow  closely  those  already  detailed  in  the  case  of  analogous  businesses  in 
1  which  lead  is  used.  All  condensing  chambers  and  flues  employed  in  extract- 
1  ing  the  native  cinnabar  from  the  ore  must  be  constructed  so  as  to  prevent 
tthe  escape  of  fumes  or  gases.  AVorkmen  should  be  provided  with  \ou<t 
•overalls  to  protect  their  clothes  from  mercurial  dust;  great  cleanliness 
5  should  be  maintained  by  frequent  washing,  especially  of  the  hands,  face, 
a  and  mouth.  Chambers  where  mirrors  are  silvered  need  to  be  well  venti- 
lated, the  outlets  being  placed  below  as  the  hurtful  vapours  and  dust  are 
\  heavy ;  similarly,  in  handling  tlie  amalgam,  gloves  should  be  worn  and  all 
>  vessels  containing  mercury  should  be  kept  covered,  to  minimise  as  much  as 
•  possible  the  volatilisation  of  the  objectionable  vapours. 

diffusion  of  ammoniacal  vapour  in  mercurial  workshops  has  been  said 
tto  be  productive  of  much  good  in  purifying  the  air  of  these  places,  but  the 
rattorutle  of  tlie  procedure  is  not  very  apparent,  as  metallic  mercury  does  not 
combine  with  ammonia.    Owing  to  the  constant  spilling  of  mercury  on  floors 
oaunng  the  various  operations  of  these  trades,  floors  should  be  of  imper- 
meable material,  sloped,  and  provided  with  gutters  from  which  the  metal  can 
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be  readily  collected.  In  some  places  it  has  been  found  an  advantage  to  have 
on  the  floors  of  workshops  and  elsewhere  quantities  of  tm-foil  or  other  metal, 
which,  by  readily  forming  an  amalgam,  reduces  loss  by  waste  and  also  lessens 
the  danger  of  volatilisation. 

The°provisions  of  the  Factory  and  Workshop  Act,  1895,  §  29,  havmg 
been  extended  by  an  order  in  Council,  it  now  becomes  the  duty  of  every  1 
medical  practitioner  to  notify  to  the  Chief  Inspector  of  Factories  at  the 
Home  Office  every  case  of  mercurial  poisoning  contracted  m  a  factory  or 
workshop  which  he  attends,  or  is  called  on  to  visit. 

Phosphorus,  both  as  yellow  phosphorus  and  m  its  amorphous  (red)  form 
is  used  on  an  enormous  scale  in  various  manufactures.  For  industrial 
purposes  phosphorus  is  prepared  from  bone-ash,  the  latter  bemg  decom- 
posed by  sulphuric  acid,  sulphate  of  calcium  being  formed.  Most  of  the 
phosphorus  is  found  in  the  liquid  as  superphosphate  of  calcium  The 
liquid  is  evaporated  to  the  consistence  of  a  syrup,  then  mixed  with  one- 
fourth  its  weight  of  charcoal  and  dried  by  heating  m  an  iron  vessel.  The 
resulting  dry  mass  is  heated  to  redness,  half  the  phosphorus  distils  over  and 
is  collected  into  the  water,  while  the  other  half  remains  combined  with 
calcium  in  the  retort  as  pyrophosphate.  At  this  stage  the  phosphorus  is 
impure,  containing  compounds  of  arsenic,  carbon  sulphur,  si  icon,  and  red 
amorphous  phosphorus.  It  is  subsequently  purified  by  ei  her  pressing. 
3  heated  under  hot  water,  or  by  chemical  treatment  with  bichromate 
Tf  potassium  and  sulphuric  or  nitric  acids.  It  is  usually  sold  m  the  form  of 
sticks  the  melted  phosphorus  being  sucked  into  glass  tubes. 

The  red  or  amorphous  phosphorus  is  formed  by  heating  phosphorus  m  a 
closed  vessel.    It  consists  of  red  scales,  and  does  not  become  ignited  on 
cominc.  in  contact  with  the  air  until  it  reaches  a  temperature  of  260  C 
07500°  F    when  it  becomes  reconverted  into  the  ordinary  form.  This 
1h  nbn<,nhorris  largely  used  in  the  preparation  of  "  safety  "  matches. 

St  n^  h  pu^^^^^^^^^^  of  phosphorus  arseniuretted  and  sulphuretted 
hvdro™,°also  phosphuretted  hydrogen  and  phosphoric  anhydride,  are  given 
S  in  large  quantities.  Hence  great  precautions  need  to  be  taken  by  work- 
men to  avoid  risks  involved  in  the  inhalation  of  these  fumes.  The 
manufactur  of  red  phosphorus  may  lead  to  the  development  of  similar 
^atefowL'  to  the  impurities  in  the  phosphorus  which  is  used  for  conversion  . 
fnto  the  red  form.  The  most  obvious  sanitary  precaution  m  all  these  opera- 
t^ons  s  the  ca^^^^^^  closing  of  the  digester,  the  making  of  it  air-tight,  and 
of  care  during  opening  to  avoid  the  escape  of  the  noxious  fumes. 

matches  AfteXing  cut  to  the'  required  shape  and  size,  the  wooden  stems 
phosphorus  wl  chsh^^^^^^^^^  ^^^^^  ^^^^^^  l,ot 

Z^X        -ad'  up  i  Wles  or  P«t  direct  into  boxes. 
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In  "  safety  "  matches,  the  red  phosphorus  which  is  employed  for  them  is 
contaiiied  in  the  rough  rubbing  substance  on  the  box,  and  not  in  the  igniting 
material  on  the  match-heads.  This  igniting  material  is  fixed  by  glue  to  the 
matches,  and  is  composed  of  chlorate  of  potash  (10  to  40  per  cent.),  iron 
pp'ites,  peroxide  of  manganese,  powdered  glass,  sulphide  of  antimony,  and 
some  adhesive  matter,  such  as  glue. 

The  dangers  attending  the  purification  and  distillation  of  phosphorus 
have  been  mentioned.  The  storage  and  carriage  of  phosphorus  demands 
care.  It  should  always  be  kept  in  glass  or  stoneware  vessels  contain- 
ing water,  and  be  placed  in  cool  chambers  away  from  all  risk  of  breakage. 
For  transport,  all  the  vessels  should  be  provided  with  handles,  and  be 
invariably  labelled  to  show  which  is  the  upper  side. 

As  might  be  expected,  the  operations  of  match-making  are  by  no  means 
free  from  danger.  This  arises  from  the  presence  of  phosphorus  in  the 
match-heads,  and  from  the  sulphur  employed  as  a  medium  between  it  and 
the  wood.  Owing  to  the  constant  evolution  of  sulphurous  acid,  the  pans 
m  which  the  sulphuring  is  done  should  be  covered  with  a  proper  lid,  and  be 
provided  with  a  pipe  to  conduct  the  fumes  into  a  taU  chimney.  Owing  to 
the  danger  of  explosion,  the  preparation  of  the  igniting  material  must  be 
conducted  in  proper  vessels  heated  by  steam  or  water,  with  air-tight  covers, 
means  of  carrying  off  offensive  vapours,  and  safety-valves  for  the  ready 
escape  of  gases  suddenly  produced.  The  removal  of  the  finished  matches 
from  the  frames,  the  making  of  them  into  packets,  and  the  placing  in  boxes, 
all  mvolve  risks  of  ignition.  The  need  of  great  caution  in  these  operations 
IS  manifest,  and  vessels  of  water  should  always  be  close  at  hand. 

The  sanitary  precautions  required  in  this  business  are  the  provision  of 
large  roomy  workshops  with  good  ventilation,  assisted  by  fans  or  flues,  and 
the  exercise  of  extreme  personal  cleanliness,  especially  before  partaking  of 
food  The  same  clothing  should  not  be  worn  at  home  as  in  the  workshops, 
ihe  hours  of  dangerous  labour  should  be  reduced  to  a  minimum  consistent 
with  industrial  economy.  The  inhalation  of  turpentine  vapoiu-,  to  favour 
oxidation  of  the  phosphorus,  and  the  washing  out  of  the  mouth  with  weak 
alkahne  solution  of  carbonate  of  sodium  or  lime-water  and  charcoal  are  aU 
to  be  recommended.  As  a  substitute  for  turpentine,  an  aqueous  solution  of 
copper  sulphate  may  be  employed,  as  it  precipitates  the  phosphorus  as  a 
phosphate  along  with  metaUic  copper.  Charcoal  is  of  value  as  a  powerful 
absorbent  of  phosphorus. 

Fortunately  owing  to  an  adequate  recognition  of  the  dangers  attending 
the  making  of  matches  and  other  industries  in  which  phosphorus  is  em- 
ployed, poisoning  by  this  element  is  by  no  means  common  now  in  this 
country.  The  complete  suppression  of  the  use  of  white  phosphorus  is  the 
Hurest  preventive. 

The  notification  of  phosphorus  poisoning  by  every  medical  practitioner 
'ittending  on  or  called  in  to  visit  a  patient  suffering  from  this  disease  con- 
tracted in  any  factory  or  workshop,  is  now  required  by  the  Factory  and 
vVorkshop  Act,  1895,  sect.  29. 

Zino  is  chiefly  met  with  either  as  a  carbonate  (calamine),  or  as  a  sulphide 
(blende)  or  as  a  red  oxide,  the  colour  of  which  is  due  to  mixture  with 
oxides  of  iron  and  manganese.  Zinc  is  not  absorbed  by  the  skin,  and  its 
'•hects  are  limited  to  absorption  of  its  vapour  by  inhalation,  or  inhalation  of 
_ne  dust.  Zinc  vapours  are  largely  given  off  during  extraction  of  the  metal 
nom  Its  ores,  also  during  the  preparation  of  "  galvanised  "  iron  sheets  for 
;wnng,  of  galvanic  iron  wire,  and  the  preparation  of  alloys.  Iron  is 
galvanised "  either  by  dipping  it  into  molten  zinc,  and  covering  with  a 
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layer  of  sal-ammoniac  which  dissolves  the  oxide  which  forms  on  the  zinc  ; 
or  by  first  coating  the  iron  with  tin,  by  galvanic  action,  and  then  dipping 
in  molten  zinc.  Galvanic  zincing  is  performed  by  placing  the  metal  to  be 
galvanised  in  a  zinc  bath  filled  with  a  saturated  solution  of  sulphate  of  zmc. 
Erass  and  copper  are  sometimes  zinced.  . 

Zinc  is  much  used  as  an  alloy ;  thus,  brass  consists  of  equal  parts  of  zmc 
and  copper  :  and  German  silver  is  merely  brass  to  which  some  nickel  has 
been  added.  Zinc  dust  is  created  in  large  quantities  m  the  grmdmg  of  the 
oxide  and  every  precaution  is  needed  to  carry  out  this  operation  m  suitable 
closed  chambers,  and  to  protect  workmen  by  respirators  The  proper  con- 
densation of  aU  zinc  vapour  is  imperative,  combined  with  vigorous  ventila- 
tion to  free  the  workrooms  from  it.  .       ,  .  • 

The  symptoms  following  exposure  to  the  action  of  vapour  of  zinc  arc- 
cough,  difficulty  of  breathing,  headache,  giddiness,  stiffness  m  the  limbs 
sickness,  and  vomiting.  Excessive  perspiration  is  not  infrequent.  The 
colic  and  itching  of  the  skin  which  is  frequently  observed  m  person  ex- 
posed to  zinc  dust  is  often  due  to  the  action  of  impurities,  especiaUy  of 
lead  or  of  arsenic.  Apart  from  this,  however,  zmc  powder  may  mechani- 
cally  cause  irritation. 


CHAPTER  XVIII 


SA    ITAliY  LAW. 


In  this  chapter  it  is  proposed  to  summarise  and  review  the  most  imnnr 

"eTtr'S"^       ^^^^  -tterrihicirirthe" 

and  1897  (Scotland)  there  are  in  addition  a  large  number  of  other  Acts  of 
Parhament  which,  in  various  ways,  strengtheS  or  otherw  se  mod^^^^^^ 
toregomg.    This  condition  of  affairs  naturally  renders  the  wToksiibiect  of 

K^m  "  "^P"*  °*  -       P-ts  of  t^:  Ced 

law'^^tS'dtL^o'f  of  trLur'"*  ?  .administration  of  the  sanitary 
■lutiesof  thLLutw[il  ^'^"f  ^^"^idering  the  powers  and 
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"-oughs.     By   the  t„r'Lt\ntlriTl8M"«,:; 

"Unties  are  divided  into  pminKr  ri7  f    .         '     .  administrative 

•1-rs  rural  distr  cts     For  sfn^tarf 'a^^^^^^  "J"'^^ 

deemerl  tn  >.n  „     -^"^.^^"ary  administration  the  county  borouo'hs 

'  one  «        ^i^f^^^ i^^^^tiS^,  ---ting 
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vision  and  admm.stv.Uou  0^^^^^  ^  ,  g  it 

Sir  r&~^"^t,  iS^'a  .  appeal  — es  „nde. 
the  Local  Government  ^^t,  1894.  ^  burgesses,  acting  by  the 

In  county  boroughs  the  ^'^y^^^^^^^^^^  1,°  aU  other  boroughs, 

council,  constitute  the  urban  ^^^itaiy  Autl^^^^^^^^ 

the  same,  acting  as  the  Municipal  CouncnlJ^ecom^     Sanitary  Authority, 
an  urban  District  Council  and  as  ^J^^^       ^^^^^^^^    boroughs,  the  District 
In  urban  districts,  other  '^^^YTlthltT^^^^^^^  ^PP^^^^ 
Council  constitutes        ^^^V  ^        i^^^^^^^  oT  thei^  members,  for  the 

rnS^ermTM^^^^  ^  ^^^^ 

Government  Act,  IS^*'  .f/j.-  ^.^et  Council  is  the  rural  Sanitary 

Similarly,  in  rural  districts  ^^^^^^^  ^uch  district  shaU  be 

Authority.    Where  the  number  of  counciU^^^^^^     y  ^^^.^^^^  ^^^^ 

less  than  five,  the  Local  Government  Bo^^^J^^J'^,  l^^^,,  f ,om  owners  or 
number  of  persons  as  are  ^^^^.^^J^  ^  J'^^^^^^  district.  The  persons  so 
occupiers  of  property  f  7^^^^^^f,^^%Xarmembers  of  the  rural  Sanitary 
nominated  are  entit  ed  to  act  ^ndjot^  alternative  procedure  is  for 

Authority,  but  not  tl^e  affairs  of  the  District  to  be 

the  Local  Government  Board  to  oraer  t  district  in  another 

administered  by  the  District  Council  f^^^ed  before  the  passing 

county  with  which  it  may  or  ^^^'^-^^  24).    Each  rural  District 

of  the  Local  Government  Act  1894  (^^\  fj;^°^,^eis,  duties,  and  liabihties 

Council,  as  a  rural  Sanitary  ^^^^^^^^^f  Pual^^^^^     They  have  also  the  same 
that  were  exercised  by  the  old  Boards  of  ^W^^^^^^^^  ^Y^^^^^ 

powers  for  appointing  committees  as  l^^J^  ^894,  section  56). 

tricts  other  than  boroughs  (Local  Governm^^       ,  ^^^^^^.^-^^  ^  the  si^ape 
The  Local  Government  Act,  If  i^^s  a  population  of  300  or 

of  Parish  Councils  in  ^Lrtf  CoWl,  providing  the  "Parish 

more.    Also,  by  order  of  the  Count  ,  established  m  any  rura 

Meeting"  so  resolve,  .^..^^^^^^loO  and  up^^^^^^^  and,  with  the  consent  of 
parish  having  a  POP^^^^^^^  "^J  •  ^  havin-  a  population  of  less  than  100. 
Le  Parish  Meeting  m  ^^yj^l^^^^'^^^^  neigbbourmg 
Also  with  the  consent  of  the  ^cspecuve  Council,  but  ^vith  a| 

^rShes  may  be  grouped  under  a    ommon  Pansh       ^^^^^^^^^^^  | 
Lparate  Parish  Meeting  fo^'  f      ^V^^^^  ^.^e  few  sanitary  powers_  are. 
Local  Government  Act,  1894,  ^^^{^'^3  ^^^^    .utilisation  of  wells,  sprin^4 
possessed  by  Parish  Counc dj  such  ^  ^^^^^^  or  remedy  th 

streams  within  its  P^^f  ^' ^^^^  P^^^^^^^^^  also  to  acquire  or  lure  land  for 
condition  of  ponds  and  st^S^^^^*  the  District  Council  under  the 

allotments,  make  officia   ^'^Fese^^^^^^^  ^^^^^  ,1,,  Housing  0 

tme^ural  Sanitary  Authority.  ■ 
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The  Parish  Council  may  complain  (section  16)  to  the  County  Council 
if  the  rural  District  Council  have  failed  to  provide  or  to  maintain  sufficient 
drainage  or  water-supply  for  the  parish,  or  to  enforce  any  provision  of  the 
Pubhc  Health  Act,  and  in  that  event  the  County  Council  may  take  over  to 
themselves  the  powers  of  the  District  Council  for  the  purpose,  or  may  make 
an  Order  for  the  necessary  works  to  be  carried  out  by  the  District  Council, 
or  by  some  person  appointed  by  the  County  Council.  Apart  from  Expendi- 
ture under  adoptive  Acts,  a  Parish  Council  must  not  incur  expenses 
nivolvmg  more  than  a  6d.  rate  in  any  year,  nor  more  than  a  3d.  rate 
without  the  consent  of  the  Parish  Meeting.  TJiey  may  raise  money  on 
loan,  but  only  with  the  approval  of  the  Parish  Meeting,  the  County  Council, 
and  the  Local  Government  Board. 

The  Parish  Meeting  has  the  exclusive  power  of  adopting  certain  optional 
Acts,  mcludmg  the  Burial  Acts,  1852  to  1885,  the  Baths  and  Wash-houses 
Acts,  1846  to  1882,  the  Lighting  and  Watching  Act,  1833,  and  the  Public 
Improvements  Act,  1860. 

In  large  rural  districts  the  District  Council  may  appoint  parochial 
committees  for  outlying  parishes  to  act  as  a  resident  subordinate  authority, 
and  as  its  agents  in  the  exercise  of  the  powers  delegated  to  them.  If  such 
•  exist,  the  members  of  these  committees  must  be  selected  from  the  members 
■  of  the  Parish  Council.  These  parochial  committees  are  completely  under 
:  the  control  of  the  rural  Sanitary  Authority  which  made  them,  and  have  no 
jurisdiction  beyond  the  places  for  which  they  were  respectively  formed 

By  section  15  of  the  Local  Government  Act,  1894,  a  rural  District 
(  Loimcil  may  delegate  to  a  Parish  Council  any  power  which  it  may  delegate 
tto  a  parochial  committee  under  the  PubUc  Health  Acts,  and  thereupon 
t  those  Acts  wiU  apply  as  if  the  Parish  Council  were  a  parochial  com- 
imittee. 

The  duties  which,  in  the  opinion  of  the  Local  Government  Board  may 
Fproperly  be  assigned  to  a  parochial  committee  are :— (1)  Inspection  of  their 
.  district  periodically  as  to  need  of  works  of  construction,  and  the  presence  or 
labatement  of  nuisances;  (2)  Superintendence  of  works  of  repair  or  con- 
>struction ;  (3  To  inquire  into  and  report  upon  nuisances  ;  (4)  To  examine 
aancl  certify  aU  accounts  relating  to  expenditure  within  their  district :  (5)  To 
rreport  to  the  rural  Sanitary  Authority  on  aU  matters  requiring  attention, 
aand  upon  the  manner  in  which  their  officers  and  servants  have  discharged 
t  their  duties.  ° 


Although  the  powers  conferred  on  urban  and  rural  Sanitary  Authorities 
lare  m  many  respects  identical,  they  are  not  invariably  so.  By  section  276 
^of  the  Public  Health  Act,  1875,  the  Local  Government  Board  may,  on 
-application  of  a  rural  Sanitary  Authority,  or  of  persons  rated  to  the  relief 
01  tne  poor,  whose  assessments  amount  to  one-tenth  of  the  nett  rateable 
•vame  ot  the  district,  declare,  by  order,  any  provision  of  that  Act  in  force 
m  an  urban  sanitary  district  to  be  in  force  in  such  rural  sanitary  district, 
'^l  ,-^"1  ^'^^  manner,  the  Private  Street  Works  Act,  1892,  and 

■^he  1  ubhc  Health  Acts  Amendment  Act,  1890,  may  be  put  in  force  in  the 
w  ^  ''''^  "''"'"''^  sanitary  district.    In  amplification  of  the  fore- 

•going  by  section  25  (7)  of  the  Local  Government  Act,  1894,  similar  powers 
.may  be  exercised  by  the  Local  Government  Board  on  applicatioi  of  a 
bT  Et^P^-rp"'  ^-^^  respect  to  any  parish  or  part  thereof  on  application 
Public  Hpnlt  aT^Iu  has  shown  that  the  provisions  of  the 

44  157  r  ^5^''^^  frequently  put  in  force  are,  sections  42, 

of  bvp  1«w«  f '  '  "'^  cleansing  and  watering  of  streets,  and  making 
■H  bye-laws  as  to  nuisances  and  new  buildings.    Other  sections  which  are 
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occasionally  put  in  force  aro  112  and' 1 14  relating  to  offensive  trades,  and 
169  170  which  regulate  the  sanitation  of  slaughter-houses 

In  order  to  simplify  sanitary  administration  the  Local  Government  Ac 
1894? section  36,  requires  every  County  Council  to  make  such  orders  as  will 

'^TlVxhe  whole  of  each  parish,  and,  unless  the  County  Council  for  special 
reasons  othenvise  direct,  the  whole  of  each  rural  district,  to  be  withm  the 

--^^fSS^re^^  parish,  unless  the  County  Council  for  special 

reasons  otherwise  direct,  to  be  within  the  same  county  district. 

reasons  otlie  ^^^^^^  ^^^^.^^^  ^^^^  ^^^^  ^^^^^         ^^^^  ^  councdlors, 

unless  the  cLity  Council  for  special  reasons  otherwise  direct,  to  be  united 

'^Xtl^"^^  "  f  the  County  Council  pass  to  the  | 

^^tie  r ?tS^?:^tw  boroughs  can  only  be  made      the  gi.^^^^^^^^^^ 
charter  by  the  Crown,  on  the  advice  of  the  Privy  ^^^^^f  '^f'''^^^^^ 
cation,  however,  must  be  sent  to  the  County  Council  and  the  Local  Govern 

S„a"h  l:Ss  if  there  none,  overseers  for  such 
O,  he' u^Tot-^S;U 

county  which  agdn  is  ^i^^^  divided  into 

larger  than  m  England,    ihese  pausnes  aie  ^     h  ghway 

groups,  known  as  County  Districts,  and  eac^i  to^^  is  a  --^^^  S^^^^,, 
and  rural  public  health  administration   Jl^eie  aie  on  u  .^^ 
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tration  is  the  county,  which  of  course  in  this  connection  does  not  include 
the  burghs  comprised  within  its  geographical  limits. 

By  the  Public  Healths  (Scotland)  Act,  1897,  the  central  public  health 
authority  in  Scotland  is  the  Local  Government  Board  (Scotland).  In  each 
burgh  the  provost,  magistrates,  and  town  council,  acting  as  "  Burgh  Com- 
missioners," are  the  local  authority  for  public  health  purposes,  and  as  such 
exercise  the  powers  conferred  by  the  Public  Health  (Scotland)  Acts  on  a 
local  authority,  and  by  the  Burgh  Police  (Scotland)  Act,  1892,  on  burs;h 
commissioners. 

In  the  landward  or  rural  districts  the  public  health  authority,  where  a 
county  is  undivided  into  districts,  is  the  County  Council,  acting  together  with. 
one  representative  from  the  Parish  Council  of  each  parish  in  the  county. 

here  a  county  is  divided  into  districts,  the  local  authority  is  the  District 
Committee,  consisting  of  the  county  councillors  and  of  one  representative 
from  each  Parish  Council  within  the  district.  In  divided  counties,  certain 
powers  are  reserved  to  the  County  Council,  namely,  the  appointing  of  a 
Medical  Officer  of  Health  and  Sanitary  Inspector,  also  representing  matters 
to  the  Local  Government  Board,  and  making  bye-laws,  regulations,  and 
levying  rates.  The  County  Council,  in  addition  to  the  District  Committee, 
has  power  to  enforce  the  provisions  of  the  Eivers  Pollution  Prevention  Act 
County  Councils  and  District  Committees  may  appoint  sub-committees  to 
exercise  their  public  health  functions.  In  some  counties,  a  sub-committee 
is  appointed  for  each  parish. 

By  section  39,  Public  Health  (Scotland)  Act,  1897,  District  Committees 
can  constitute  special  districts  in  landward  areas  for  scavenging,  and  for 
the  removal  of  manure  from  mews  and  other  premises  (section  42)  Pro- 
vision IS  also  made  for  cleansing  offensive  ditches  lying  near  to  or  formin^^ 
boundaries  of  districts  and  apportioning  the  cost  of  same,  and  for  the 
purihcation  by  cleansing  and  whitewashing  of  houses  in  a  filthy  condition 
ihe  cost  of  these  services  falls  upon  the  special  district. 

Generally  the  Hmits  of  the  Pubhc  Health  (Scotland)  Act,  1897,  foUows 
those  of  the  later  Enghsh  Acts,  and  this  Act  incorporates  the  Lands 
Uauses  Act,  and  certain  sections  (sections  6,  and  70  to  78)  of  Eailway 
Uauses  Consolidation  (Scotland)  Act,  1845. 

In  Ireland— The  public  health  administration  in  Ireland  is  governed 
^    I        provisions  of  the  Public  Health  Acts  of  1878,  1890,  and 
1896,  and  the  special  orders  issued  by  the  Local  Government  Board  for 
Ireland  m  pursuance  of  the  first  of  these  Statutes.    Though  many  of  the 
urban  areas  are  under  the  Act  of  1878,  still  a  great  number  are  governed 
ijy  special  Acts,  particularly  the  Towns  Improvement  (Ireland)  Act,  1854 
and  the  Towns  Improvement  Clauses  Act,  1847.    It  would  be  a  great 
advantage  if  the  various  Acts  bearing  upon  public  health  administration  in 
reland  were  consohdated     In  the  main,  the  Irish  Act  of  1878  is  drawn  on 
he  Imes  of  the  Enghsh  Act  of  1875,  but  there  are  some  differences  in  the 
provisions,  as  will  be  seen  subsequently. 

By  the  Public  Health  Act,  1878,  the  whole  of  Ireland  is  divided  into  (a)  . 
urban  sanitary  districts,  and  {b)  rural  sanitary  districts,  and  each  district  Is 
consist  of       J""""^'"*^'""     ^  Sanitary  Authority.    Urban  sanitary  districts 

1.  The  city  of  Dublin. 

2.  Towns  corporate  (except  Dublin). 

th.  M^r""  of  Carrickfergus,  which  has  Municipal  Commissioners  under 
the  Municipal  Corporations  Act  (Ireland),  1840. 

The  foregoing  are  boroughs  within  tlie  meaning  of  the  Act  of  1878,  and 


8Y2  SANITARY  LAW. 

the  boundary  of  each  urban  sanitary  district  is  conterminous  ^vith  the 

n^^Eigrttls  under  the  Lighting  of  Towns  W  Act  of  1828. 
5.  Towns  under  the  Towns  Improvement  (Ireland)  Act  of  1854. 
fi  Twelve  towns  under  various  local  Acts.  i  t>^^ 

7  Towns  which  have  been  constituted  urban  sanitary  districts  by  Pro- 
visional Orders  Sthe  Local  Government  (Ireland)  Board,  and  confirmed  by 

sanitary  districts  are  those  portions  of  a  Poo-law  uni^^^^^^^^ 
are  not  included  in  an  urban  sanitary  district.    There  are  159  of  these  rural 

^^1a"^^^^tarydistricts,above^^^^^^ 

Authorities  are  the  Corporations  of  the  city  of  ^-^^  -f  t^lZ\Zn- 
towns  and  the  various  towns  or  municipal  commissioners  ot  the  otner  town 
shZS     ThSe  rban  Sanitary  Authorities  have  the  same  power  as  similar 
hndips  in  England  to  form  and  appoint  committees. 

Bv  section  6^  P^^^^^  1^'^^'        g^^^^^^f  «^  ^^^^ 

unionis  t  corpora  e  body  are  constituted  the  rural  Sanitary  Autho^^y- 
These  rural  Sanitary  Authorities  cannot  delegate  their  powers  to  com- 

""'^Bv'the  Public  Health  (Ireland)  Act,  1896,  power  is  given  to  the 
LocS^Governmen"  Board  to  \nvest  a  rural  ^^f^^^j/^ff^f,,'''  ^"^^"'^ 
urban  powers     An  omission  made  in^he  Ir^^ 
TVi£>  T-pic!>i  T.ncal  Government  iioara  may  ditsu,  >jj  ^      ,  n     •.  i.„j 

an  urban  sanitary  ^^^.^^r  ct    or  include  any^ucn^^^  ^^^^ 
ing  urban  sanitary  district     The  .J;;'°^^^..^°7r7rri,p  ^^^al  sanitary 

is  confirmed  by  Parhament. 

MEDICAL  OP.ICEKS,^Sn.V^^^^^^^^^^^  I.SPECTOKS 

In  England  and  Wales. -Section  189  of  the  Public       tii  Act^  l^T^; 
re,iSes':f  ery  urban  ~  Authori^^       app^^^^^^^^  of^  ^^J^^^^^^^ 

-i=tiS:j;t£;;  ^fe^ 

proper  persons  to    JJ^^^*^^^^^^  special  power  has  yet  been  given 

^  the  latter  may  also  be  the  Surveyoi  P      ^/j^^isances,  although  such 

to  County  Councils  to  appoint  county  ^^^'S'^^]^^'^^^^  g^nitary  Authorities 
a  course  has  been  adopted  in  some  cases     Two  o^^^^^^^ 

„.ay  appoint  the  ^-^^^^^^^^J.^^^tS  ^-1  G^^^^^^^^ 

Nuisances;  and,  apart  from  this,  ^      ^^^3     ^pose  of  appointing 

(section  286)  ^ompu  sorily  to  unite  d^^^^^^^^^^^  ^       J  bounty 
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the  council.  Under  this  same  section,  Sanitary  Authorities  have  power  to 
avail  themselves  of  the  services  of  these  county  Medical  Officers  on  such 
terms  as  to  contribution  to  his  salary  as  may  be  agreed  with  the  County 
Council.  So  long  as  such  an  arrangement  is  in  force,  the  obligation  of  the 
Sanitary  Authority  under  the  Act  of  1875  to  appoint  a  Medical  Officer  of 
Health  is  to  be  deemed  to  be  satisfied  without  the  appointment  of  a  separate 
Medical  Officer. 

If  any  part  of  the  salary  of  the  Medical  Officer  of  Health  is  repaid 
to  a  local  authority,  the  Local  Government  Board  has  the  same  powers  in 
regard  to  qualification,  appointment,  duties,  salary,  and  tenure  of  office  as  it 
has  in  the  case  of  a  Poor-Law  Medical  Officer  (Public  Health  Act,  1875, 
section  191). 

Qualifications  of  Medical  Officer. — Section  18  of  the  Local  Government 
Act,  1888,  requires  (except  when  the  Local  Government  Board,  for  reasons 
brought  to  their  notice,  may  see  fit  in  particular  cases  especially  to  allow) 
every  Medical  Officer  of  Health  appointed  after  the  passing  of  the  Act 
to  be  legally  qualified  in  medicine,  surgery,  and  midwifery ;  and  further,  if 
.  appointed  after  the  1st  of  January  1892  to  a  district  having  at  the  last 
I  census  50,000  inhabitants  or  more,  to  be  the  registered  holder  of  a  diploma 
m  Public  Health  under  section  21  of  the  Medical  Act,  1886  ;  or  have  been, 

•  during  some  three  consecutive  years  prior  to  1892,  a  Medical  Officer  of  a 
I  district  with  a  population,  at  the  last  census,  of  not  less  than  20,000  ;  or 
;  have  been  for  not  less  than  three  years  a  Medical  Officer  or  Inspector  of  the 

Local  Government  Board. 

Tenure  of  Office  by  Medical  Officer. — Unless  a  portion  of  the  salary  is 
I  repaid  to  the  Sanitary  Authority  out  of  imperial  revenue,  transferred  to 
I  the  county  and  borough  councils  by  the  Local  Government  Act,  1888,  the 
!  Local  Government  Board  have  no  control  over  the  tenure  of  office.  If, 
1  however,  a  refund  is  made,  the  Medical  Officer  of  Health  may  con- 
I  tinue  to  hold  office  for  such  period  as  the  Sanitary  Authority  may,  with 
t  the  approval  of  the  Local  Government  Board,  determine,  or  until  he  die, 
1  resign,  or  be  removed  by  such  authority  with  the  consent  of  the  Local 

*  Government  Board  or  by  that  Board.  The  Sanitary  Authority  may  suspend 
i  him,  but  must  forthwith  report  their  action,  together  with  the  cause,  to  the 
1  Local  Government  Board,  the  latter  Board  having  power  to  remove  the 
s  suspension.    In  the  event  of  disagreement  as  to  either  salary  or  duties,  a 

Sanitary  Authority  have  power  to  give  six  months'  notice  to  determine  the 
3  appointment,  but  only  with  the  consent  of  the  Local  Government  Board. 

Where  no  part  of  a  Medical  Officer's  salary  is  repayable,  none  of  these 
1  approvals  is  necessary;  the  authority  may  fix  his  salary  at  as  low  a  sum  as 
t  they  please  ;  and  if  he  is  appointed  by  an  urban  Sanitary  Authority,  section 
1189  of  the  PubHc  Health  Act,  1875,  permits  of  his  removal  from  office  at 
i  their  pleasure. 

Duties  of  the  Medical  Officer.— The  duties  of  a  Medical  Officer  of  Health 
I  are  the  same  whether  a  contribution  is  made  to  his  salary  or  not  by  the 
I  Local  Government  Board,  except  that  in  the  latter  case  he  must  report  his 
'  appointment  to  the  Board  within  seven  days.    "  A  copy  of  the  annual  report 
and  of  every  special  report  must  be  sent  to  the  Local  Government  Board, 
'Wliether  there  is  any  repayment  of  salary  or  not;  but  there  is  no  compulsion 
'  l^Rsn  ^-^^^^^^^  ^  regards  Medical  Officers  of  Health  appointed  prior  to  March 
■  looO,  if  no  repayment  of  salary  is  claimed  by  the  authority.  County 
U)uncils  are  entitled  to  receive  copies  of  all  annual  and  other  reports  which 
the  Medical  Officer  of  any  district  within  the  county  is  required  to  send  to 
Wie  Local  Government  Board;  and  in  default  may  refuse  to  pay  any  contri- 
oution  to  his  salary  which  otherwise  they  would  be  liable  to  pay  " 
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The  regulations  of  the  Local  Government  Board,  issued  March  23,  1891, 
and  still  in  force,  provide  that  the  following  shall  be  the  duties  of  a  Medical 
Officer  of  Health  in  respect  of  the  district  for  which  he  is  appointed,  viz.  :— 

(1)  He  shall  inform  himself  as  far  as  practicable  respecting  all  influences  affecting,  or 
threatening  to  affect,  injuriously,  the  public  health  within  the  district. 

(2^  He  shall  inquire  into  and  ascertain  by  such  means  as  are  at  his  disposal  the 
causes  origin  and  distribution  of  diseases  witliin  the  district,  and  ascertain  to  what 
extent  the°same  have  depended  on  conditions  capable  of  removal  or  mitigation. 

He  shall  by  inspection  of  the  district,  both  systematically  at  certain  periods,  and 
at  intervals  as  occasion  may  require,  keep  himself  informed  of  the  conditions  injurious 

*°  Se^STL^Sared  to  advise  the  Sanitary  Authority  on  all  matters  affecting  the 
hea  th  of  the  district,  and  on  all  sanitary  points  involved  in  the  action  of  the  Sanitary 
Authority;  and  in  cases  requiring  it  he  shall  certify  for  the  guidance  of  the  Salutary 
Authority  or  of  the  Justices  as  to  any  matter  in  respect  of  which  the  certificate  of  a 
Medical  Officer  of  Health  or  a  medical  practitioner  is  required  as  the  basis  or  in  aid  ot 

sauitaryctiom  Sanitary  Authority  on  any  question  relating  to  health  in- 

volved in  the  framing  and  subsequent  working  of  such  bye-lavvs  and  regulations  as  they 
may  have  power  to^nake,  and  as  to  the  adoption  by  the  Sanitary  Authority  of  the 
Infectious  Disease  (Prevention)  Act,  1890,  or  of  any  section  or  sections  of  such  Act 

76)  On  receiving  information  of  the  outbreak  of  any  contagious,  iiifectious,  or  epidemic 
disease  0  a  dangerous  character  within  the  district,  he  shall  v.sit  without  delay  the  spot 
where  the  outbieak  has  occurred,  and  inquire  into  the  causes  and  circumstances  of  such 
outbreak  and  in  case  he  is  not  satisfied  that  all  due  precautions  are  being  taken  he 
slmll  advise  the  persons  competent  to  act  as  to  the  measures  which  may  appear  to  him 
to  berSed  tJprevent  the  extension  of  the  disease,  ami  take  such  measures  for  the 
^evenS  of  disease  as  lie  is  legally  authorised  to  take  under  any  Statute  m  force  in  the 
district  or  bv  any  resolution  of  the  Sanitary  Authority.  ,  „  ■,.  . 

m  Subject  to^he  instructions  of  the  Sanitary  Authority,  he  shall  direct  or  superin- 
tend the  work  of  the  Inspector  of  Nuisances  in  the  way  and  to  the  extent  that  the 

rth'fect^^^^^^  of  th'e  Sanitary  Authority,  as  the  circumstances  of 

'''^Trina^iSnliK'may  appear  to  him  to  be  necessary  or  advisable,  or  in 
whiSlJTshJl  be's^dh-ected  by  tL  fanitary  Author^y  ^-^f  tiSTg  tS'^^oTn 
=y  ^0  S         r^loS^  th:«rHealth 

tt  i875  in  hTs  behaK  shall  apply,  exposed  for  sale,  or  deposited  for  the  Purpose  of 

■'in' He1h.H  .tteml  .t  the  office  ot  the  Sa„it.,T  Authority  or  .t  »ome  oth.r  .pp.int^l 

ceedings,  mi  tl.o  measiires  ly  „d>  '"V,,  .Sffio  UkS  m.nn..!  report  with 

FS^:et:tttZr".M.r«;iSrL  S:.S's:r.r  „      h.  hee?  e,..h,ed 

to  ascertain  the  same.  nrovided  by  the  Sanitary  Authority,  in 

(13)  He  shall  keep  a  book  or  books  to  be  P^J^'^^'^      ,  ^^^^^ 
which  he  shall  make  an  entry  of  his  ^'^^t^' ^"f.  ^^^^^^^^  and  result 

thereon,  and  also  the  date  and  ^^f/lV^j^'f  Xn  ^  reports  ;  and  shall 
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(14)  He  shall  also  prepare  an  annual  report,  to  be  made  to  the  end  of  December  in 
each  year,  comprising  a  summary  of  the  action  taken  during  the  year  for  preventing  the 
spread  of  disease,  and  an  account  of  the  sanitary  state  of  his  district  generally  at  the  end 
of  the  year.    The  report  shall  also  contain  an  account  of  the  inquiries  which  he  has  made 

i  as  to  conditious  injurious  to  health  existing  in  his  district,  and  of  the  proceedings  in 

•  which  he  has  taken  part  or  advised  under  the  Public  Health  Act,  1875,  so  far  aa  such 
I  proceedings  relate  to  those  conditions  ;  and  also  an  account  of  the  supervision  exercised 
1  by  him,  or  ou  his  advice,  for  sanitary  purposes,  over  places  and  houses  that  the  Sanitary 
.  Authority  have  power  to  regulate,  with  the  nature  and  results  of  any  proceedings  which 
I  may  have  been  so  required  and  taken  in  respect  of  the  same  during  the  year.  It  shall 
!  also  record  the  action  taken  by  him,  or  on  his  advice,  during  the  year,  in  regard  to 
1  offensive  trades,  and  to  factories  and  workshops.  The  report  shall  also  contain  tabular 
i  statements  (on  forms  to  be  supplied  by  the  Local  Government  Board,  or  to  the  like 
t  effect)  of  the  sickness  aud  mortality  within  the  district,  classified  according  to  diseases, 
;  ages,  and  localities.    (See  pages  481-2.) 

(15)  He  shall  give  immediate  information  to  the  Local  Government  Board  of  any 
f  outbreak  of  dangerous  epidemic  disease  within  the  district,  and  shall  transmit  to  the 
1  Board  a  copy  of  each  annual  and  of  any  special  report.  He  shall  make  a  special  report 
:to  the  Local  Government  Board  as  to  any  advice  he  may  give  to  his  Sanitary  Authority 
3  as  to  the  closure  of  any  school  or  schools. 

(16)  When  giving  information  to  the  Local  Government  Board  of  the  outbreak  of 
i  infectious  disease,  or  transmitting  to  them  a  copy  of  his  annual  or  any  special  report,  he 
rmust  give  the  like  information,  or  transmit  a  copy  of  such  report,  to  the  County  Council 
c  of  the  county  in  which  his  district  is  situated. 

(17)  In  matters  not  specifically  provided  for  in  this  Order  he  shall  observe  and  execute 
tthe  instructions  of  the  Local  Government  Board  on  the  duties  of  Medical  Officers  of 
1  Health,  and  all  the  lawful  orders  and  directions  of  the  Sanitary  Authority  applicable  to 
\  his  office. 

(18)  Whenever  the  Local  Government  Board  shall  make  regulations  for  all  or  any  of 
tthe  purposes  specified  in  section  134  of  the  Public  Health  Act,  1875,  relating  to  the 
IPrevention  of  Infectious  Diseases,  and  shall  declare  the  regulations  so  made  to  be  in 
f. force  within  any  area  comprising  the  whole  or  any  part  of  the  district,  he  shall  observe 

•  such  regulations  so  far  as  the  same  relate  to  or  concern  his  office. 

The  duties  of  the  Medical  Officer  of  Health  to  a  Port  Sanitary  Authority 
aare  defined  by  the  Local  Government  Board  in  terms  which  are  very  similar 
t'to  those  given  above,  omitting  the  references  to  regulated  trades  and 
iiinspection  of  food,  and  substituting  "ships"  for  "houses,"  and  "shipping 
^-within  the  district  "  for  "  district." 

"  He  shall  inform  himself  as  far  as  practicable  respecting  all  conditions  affecting  or 
Ithreatening  to  affect  injuriously  the  health  of  crews  and  other  persons  on  ship-board 
rwithm  the  district.  ....  He  shall  inquire  into  and  ascertain  by  such  means  as  are  at 
hhis  disposal  the  causes,  origin,  and  distribution  of  diseases  in  the  ships  and  other 
v.vessels  within  the  district,  and  ascertain  to  what  extent  the  same  have  depended  on 

voonditions  capable  of  removal  or  mitigation  He  shall,  by  inspection  of  the 

Ishipping  in  tlie  district,  keep  himself  informed  of  the  condition  injurious  to  health, 

sxisting  therein  On  receiving  information  of  the  arrival  within  the  district  of 

uny  ship  having  any  infectious  or  epidemic  disease  of  a  dangerous  character  on  board, 
lor  of  the  outbreak  of  any  such  disease  on  board  any  ship  within  the  district,  he  shall 
wisit  the  vessel  without  delay,  and  inquire  into  the  causes  and  circumstances  of  such 
autbreak,  and  advise  the  persons  competent  to  act  as  to  the  measures  which  may  appear 
I         *°     required  to  prevent  the  extension  of  the  disease,  and  so  far  as  he  may  be 

Mawfully  authorised  to  assist  in  the  execution  of  the  same  On  receiving  infor- 

iimation  from  the  Inspector  of  Nuisances  that  his  intervention  is  required  in  consequence 
•3t  the  existence  of  any  nuisance,  injurious  to  health,  or  of  any  overcrowding  in  a  ship, 
jiBTK  '  ^^^^^  practicable,  take  such  steps  authorised  by  the  Public  Health  Act,' 
:1876,  on  that  behalf,  as  the  circumstances  of  the  case  may  justify  and  require  ;  .  ,  . 
j.l8o  when  any  vessel  within  his  district  has  had  dangerous  infectious  disease  on  board 
mo  shall  give  notice  thereof  to  the  Medical  Officer  of  Health  of  any  port  in  the  United 
^limgdom  whither  such  vessel  is  about  to  sail." 

Tlie  Duties  of  a  Sanitary  Inspector.— In  the  Public  Health  Act,  1875, 
:chi8  officer  is  always  spoken  of  as  the  Inspector  of  Nuisances,  and  he  must 
'be  formally  appointed  under  that  title ;  the  Act  does  not  recognise  the  title 
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Sanitary  Inspector,  whereas,  as  will  be  seen  subsequently,  the  Public  Health 
(London)  Act,  1891,  does  so.  Practically,  the  two  titles  are  nidifferent  y 
employed  to  indicate  one  and  the  same  official.  His  duties  are  closely 
connected  with  those  of  a  Medical  Officer  of  Health,  but  the  broad  lines 
separating  them  wiU  be  apparent  from  the  following  defimtion  of  his  duties 
formulated  by  the  Local  Government  Board. 

m  He  shall  perform,  either  under  the  special  directions  of  the  Sanitary  Authority 
or  (so  far  as  authorised  by  the  Sanitary  Authority)  under  the  directions  of  the  Medica 
Officer  of  Health,  or  in  cases  where  no  such  directions  are  required,  without  sucli 
directions,  all  the  duties  specially  imposed  upon  an  Inspector  of  Nuisances  by  the 
Public  Health  Act,  1875,  or  by  any  other  Statute  or  Statutes,  or  by  the  Orders  of  the 
Local  Government  Board,  so  far  as  the  same  apply  to  his  office.  . 

(2)  He  shall  attend  all  meetings  of  the  Sanitary  Authority  when  so  required. 
3   He  shall  by  inspection  of  the  district,  both  systematically  at  certain  periods,  and 
at  intirvals  as  occasion  may  require,  keep  himself  informed  m  respect  of  the  nuisances 
existing  therein  that  require  abatement.  ,i;,+„;^t  nr  nf  tViP 

(4)  On  receivincr  notice  of  the  existence  of  any  nuisance  within  the  district  or  ot  the 
brelJh  of  any  bye-faws  or  regulations  made  by  the  Sanitary  Authority  fo^  ^e  suppres- 
sion of  nuisances,  he  shall,  as  early  as  practicable,  visit  the  spot,  and  inquire  into  such 
alleged  nuisance  or  breach  of  bye-laws  or  regulations.  VneinP^P.! 

(5)  He  shall  report  to  the  Sanitary  Authority  ^ny  noxious  or  ofifei^^Bive  husmes^^^^^ 
trades,  or  manufactories  established  within  the  district,  and  the  breach  or  non- 
observance  of  any  bye-laws  or  regulations  made  in  respect  of  the  same. 

(6)  He  shall  report  to  the  Sanitary  Authority  any  damage  done  to  any  ^^^^^^^^^^ 
water-supply,  or  other  works  belonging  to  them,  and  also  '^Y,     «     ^X^^'^^  °^  ^^fSr 
waste  of  water  supplied  by  them,  or  any  fouling,  by  gas,  filth,  or  otherwise,  ot  water 

^^^Irf HeSfironEo  time,  and  forthwith  upon  complaint,  visit  and  inspect  t^^^ 
shops  and  places  kept  or  used  for  the  preparation  or  sale  °f  butchers  meat  poultiy  fish^ 
fruit  vecretables  corn,  bread,  flour,  milk,  or  any  other  article  to  which  the  Piovisions 
Se  pS  H^^^^^^^^  1875,  in  this'behalf  shall  apply,  and  ™-  r 
carcass,  meat,  poultry,  game,  flesh,  fish,  fruit,  vegetables,  ^X^^'S  Z 

other  article  ^s  aforesaid  which  may  be  therein  ;  and  in  case  ^fy.^^^^,  ^/^^^^^^/.^^^^^^^ 
him  to  be  intended  for  the  food  of  man,  and  to  be  unfit  for  such       '  J^^'^^"^^^^^^^ 
same  to  be  seized,  and  take  such  other  proceedings  as  may  be  necessary  in  order  Jo  have 
the  same  dealt  with  by  a  Justice  :  Provided  that  ("^.^'^y '^^^f 
this  clause,  he  shall  report  the  matter  to  the  Medical  Officer  of  Health,  witu  tne  view 

°'tf  He'tt^h^f^^^^^^     directed  by  the  Sanitary  Authority  pro c^^^^^^^^^^ 
samVles  of  food,  drink,  or  drugs  suspected  to  be  adulterated  to  be  ana^^^ 
analyst  appointed  under  "  The  Sale  of  Foods  and  Drugs  Act,  1875,  .XlSed  caTse  a 
a  certificate  stating  that  the  articles  of  food,  drink,  or  drn£  are  adulterated, 
complaint  to  be  made,  and  take  the.other  rroceedings  prescribed  by  g  occurrence 
He  shall  eive  immediate  notice  to  the  Medical  Officer  ot  Healtu  oi  tne  ocouueu^ 

existence  of  any  nuisance  injurious  to  health,  or      any  oveiciowamg 
shall  foilhwith  inform  the  Medical  Officer  of  Health  thereof  ^  y 

^^0^  He  shall  subiect  to  the  directions  of  the  Sanitary  Authoiity.  attena  to  t 
instlucLt  KeTdical  Officer  of  Health  with  respect  t-ny  mea^^^^^^^ 
be  lawfully  taken  by  an  Inspector  of  Nuisances  und  r  the  P^^ic  Healt   A  . 
under  any  Statute  or  Statutes,  for  preventing  the  spread  ot  contagious, 

epidemic  disease  of  a  dangerous  character.  „,.„^:j„a  bv  the  Sanitary  Authority. 

(11)  He  shall  enter  from  day  to  day,  m  a  ^^ook  piovidea  Dy  tne  c^au     j  j 
pariLiars  of  his  inspections   and  of  the  action   aken^by  him  m  f -^-^yXth/rity. 
kuties.    He  shall  also  keep  a  book  oy  ^^-ooks  to  be  prov^^^^^^^^^  Sthe  sanitary  condition  of 
so  arranged  as  to  form  as  far  as  possible  a  continuous  '^f  ojd  J    ^^^^  pu^ic 

each  of  the  premises  in  respect  of  ^vluch  any  action  l  as  bee^^^^^^^^^^  ^^^^^^ 
Health  Act,  1875,  or  under  any  other  Statute  or  Statutes,  autt  snau  i.   i  j 

-rs) « kiss:: 

of  Nuisances  relate. 
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(13)  He  shall,  if  directed  by  the  Sanitary  Authority  to  do  so,  superintend  and  see  to 
the  due  executiou  of  all  works  which  may  be  undertaken  under  theii-  direction  for  the 
suppression  or  removal  of  nuisances  within  the  district. 

(14)  He  shall,  if  directed  by  the  Sanitary  Authority  to  do  so,  act  as  officer  of  the 
said  authority  as  local  authority  under  the  Contagious  Diseases  (Animals)  Act,  1886, 
and  any  orders  or  regulations  made  thereunder. 

(15)  In  matters  not  specially  provided  for  in  this  Order  he  shall  observe  and  execute 
all  the  lawful  orders  and  directions  of  the  Sanitary  Authority,  and  the  Orders  of  the 
Local  Government  Board  which  may  be  hereafter  issued,  applicable  to  his  office. 

Under  section  191  of  the  Public  Health  Act,  1875,  the  Medical  Officer 
.)f  Health  may  exercise  the  powers  with  wliich  an  Inspector  of  Nuisances  is 
invested  by  that  Act.  Section  192  of  the  same  provides  that  the  same 
person  may  be  both  Surveyor  and  Inspector  of  Nuisances.  In  common 
with  other  sanitary  officials,  Medical  Officers  of  Health,  Surveyors,  and 
Inspectors  of  Nuisances  are  prohibited  by  section  193  from  being  concerned 
in  contracts  with  the  Sanitary  Authority.  Section  2  of  the  Public  Health 
Members  and  Officers)  Act,  1885,  has  to  some  extent  qualified  these 
provisions  for  exceptional  cases ;  but  independently  of  any  of  the  above, 
very  severe  pains  and  penalties  are  imposed  by  the  Public  Bodies  Corrupt 
Practices  Act,  1889,  on  every  person  who  solicits,  receives,  or  agrees  to 
receive  corruptly  any  gift,  fee,  loan,  or  reward  on  account  of  any  member, 
officer,  or  servant  of  any  public  body  doing  or  forbearing  to  do  anytliing  in 
respect  of  any  matter  or  transaction  in  which  such  public  body  is  concerned. 

The  duties  of  county  Medical  Officers  of  Health  and  of  Surveyors  have 
not  yet  been  authoritatively  defined;  neither  have  the  qualifications  of 
Inspectors  of  Nuisances  in  the  provinces  been  prescribed. 

In  London,  under  section  106  of  the  Public  Health  Act,  1891,  every 
Sanitary  Authority  is  required  to  appoint  one  or  more  Medical  Officers  of 
Health  for  its  district.  The  same  person  may,  with  the  sanction  of  the 
Local  Government  Board,  be  appointed  Medical  Officer  of  Health  for  two 
or  more  districts ;  but,  except  in  cases  allowed  by  the  Board,  every  such 
person  must  reside  in  that  district,  or  within  one  mile  of  its  boundary. 
A  Medical  Officer  of  Health  in  London  may  exercise  any  of  the  powers 
with  which  a  Sanitary  Inspector  is  invested ;  and  his  annual  report  to  the 
Sanitary  Authority  must  be  affixed  to  the  annual  report  of  that  authority. 

The  quahfications  necessary  for  a  Medical  Officer  of  Health  in  London 
are  similar  to  those  required  for  similar  officers  in  the  provinces;  and 
subject  to  the  provisions  of  the  PubUc  Health  (London)  Act,  1891,  as  to 
existing  officers,  the  Local  Goverimient  Board  have  the  same  powers  as  they 
liave  in  the  case  of  those  in  the  rest  of  England  and  Wales,  with  regard  to 
appointment,  salary,  duties,  and  tenure  of  office.  This  enactment  (section 
108)  is,  however,  subject  to  the  following  provisions:  (a)  a  Medical  Officer 
will  be  removable  by  the  Sanitary  Authority  with  the  consent  of  the  Local 
Government  Board,  or  by  that  Board,  and  not  otherwise :  (b)  any  such 
officer  must  not  be  appointed  for  a  limited  period  only. 

Every  Sanitary  Authority  must  appoint  an  adequate  number  of  fit  and 
proper  persons  as  Sanitary  Inspectors,  and  every  one  of  them  appointed 
after  January  1,  1895,  must  be  a  holder  of  a  certificate  of  such  body  as  the 
Local  Government  Board  may  approve  (at  present  the  examining  body  for 
London  is  the  Conjoint  Board,  and  for  the  provinces  the  Sanitary  Institute), 
or  must  have  been,  during  three  consecutive  years  preceding  1895,  a 
Sanitary  Inspector  or  Inspector  of  Nuisances  of  a  district  in  London,  or  of 
an  urban  sanitary  district  out  of  London  containing,  according  to  the  last 
census,  a  population  of  not  less  than  20,000  inhabitants  (Public  Health 
(London)  Act,  1891,  section  108). 
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The  regulations  prescribed  by  the  Local  Government  Board  as  to  the 
duties  of  Medical  Officers  of  Health  and  Sanitary  Inspectors  in  London  are 
very  similar  in  terms  to  those  -which  apply  to  Medical  Officers  and  Inspectors 
of  Nuisances  in  the  provinces.  It  is  noticeable  that,  under  the  Acts  in  force 
outside  the  metropolis,  no  qualification  is  demanded  for  this  latter  office ; 
whereas,  in  London,  such  qualification  is  definitely  explained.  It  is 
probable  that  a  similar  provision  will  be  inserted  in  any  future  consolidation 
of  the  Public  Health  Acts  for  the  country  generally. 

In  Scotland,  every  Local  Authority  shall  appoint  and  pay  one  or  more 
Medical  Officers  and  Sanitary  Inspectors. 

A  Medical  Officer  must  be  a  registered  practitioner,  and  may  not  now  be 
appointed  for  a  county,  district,  or  parish  with  a  population  of  30,000  or 
upwards  unless  he  holds  a  diploma  in  Public  Health  under  the  Medical 
Act,  1886  ;  and  no  person  may,  except  Avith  the  special  consent  of  the  Local 
Government  Board,  be  appointed  Sanitary  Inspector  of  a  county  unless  he 
has  been,  during  the  three  consecutive  years  preceding  his  appointment,  the 
Sanitary  Inspector  of  a  local  authority  under  the  Public  Health  (Scotland) 

Acts.  J  TIT   J-  1 

Burgh  Commissioners  must  appoint  a  Sanitary  Inspector  and  a  Medical 
Officer  of  Health.  The  latter  Officer  must  be  registered,  and  if  appointed 
after  May  15,  1894,  must  also  have  the  special  qualification  required  in 
counties  since  the  beginning  of  1893.  • 

"  No  Medical  Officer  or  Sanitary  Inspector,  whether  for  a  county,  land- 
ward district,  or  burgh,  can  be  removed  from  office  without  the  sanction  of 
the  Scottish  Local  Government  Board." 

The  model  bye-laws  recommended  by  the  Local  Government  Boai-d  for 
Scotland  to  the  various  Sanitary  Authorities  for  regulating  the  duties  of 
Medical  Officers  and  Sanitary  Inspectors  do  not  materially  differ  from  those 
of  the  English  Board. 

In  Ireland.— By  section  11  of  the  Public  Health  (Ireland)  Act,  18/ 8, 
the  dispensary  medical  officers  are  ex  officio  Medical  Officers  of  Health  for 
their  respective  districts.  In  addition  to  the  Medical  Officers  of  Health,  the 
Local  Government  Board  for  Ireland  requires  each  rural  Sanitary  Authority, 
Avhen  directed  by  them,  to  appoint  a  consulting  sanitary  officer  or  a  medical 
superintendent  officer  of  health,  and  for  either  of  these  posts  the  medical 
officer  of  the  union  workhouse,  or  any  other  duly  qualified  medical  practitioner, 
is  eligible.  The  officials  in  England  called  Inspectors  of  Nuisances  or  Sanitary 
Inspectors  are  in  Ireland  known  as  sanitary  sub-officers,  and  for  these 
posts  the  relieving  officers,  or  the  rate  coUectors  of  the  several  unions  or 
other  persons  are  eligible.  Urban  Sanitary  Authorities  are  to  appoint  so 
manv  sanitary  sub-officers  as  tliey,  with  the  consent  oi  the  Local  Govern- 
ment Board,  may  determine;  also,  when  directed  by  the  Board,  they  are  to 
appoint  one  consulting  sanitary  officer  or  one  medical  superintendent  of 
health,  who  must  be  a  qualified  medical  practitioner  ;  and  an  executn^ 
sanitary  officer,  with  such  qualification  as  the  Sanitary  Authority  shall,  with 
the  consent  of  the  Local  Government  Board,  determine.  ,  , 

The  appointments  held  by  sanitary  officers  of  both  urban  and  rural 
authorities  shaU  continue  for  such  period  as  tl]^Sanitary  Authority  may 
with  the  ai^proval  of  the  Local  Government  Board,  decide,  or  until  the  holder 
thereof  die  or  resign.    The  regulations  as  to  the  duties  of  the  several 
sanitary  officers  are  similar  to  those  of  the  Enghsh  Local  Government  B^^ 
There  is  provision  in  the  Local  Government  (Ireland)  Act,  1890  for  the 
appointment  of  a  surveyor,  and  power  is  gi^on  to  a  Sanitary  Autiiorit^^ 
employ  a  surveyor  temporarily  in  order  to  execute  any  special  woik.  iliere 
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i  is  no  power  given  to  Sanitary  Authorities  to  combine  for  the  apijointment 
I  of  sanitary  officers.  Parhamentary  grants  are  made  annually  in  recoujo- 
;  ment  of  portions  of  the  salaries  of  sanitary  officers ;  the  amounts  recouped 
;  to  local  funds  is  one-half  of  the  salaries. 

There  is  no  provision  in  the  Irish  Act  prohibiting  sanitary  officials  being 
<  concerned  in  contracts  made  with  the  authority  for  any  of  the  purposes  of 
I  the  Public  Health  Act,  nor  does  the  Pubhc  Health  (Members  and  Officers) 
.Act,  1885,  extend  to  Ireland.    The  Public  Bodies  Corrupt  Practices  Act, 
1889,  however,  does  apply  to  Ireland  as  Avell  as  to  England. 


DEFINITIONS. 

There  are  certain  definitions  of  terms  in  the  various  Sanitary  Acts  which 
igive  to  those  terms  meanings  which  are  not  the  same  as  the  common  mean- 

iing.    The  more  important  of  these  definitions  are  the  following  :  

Building.— This  word  has  a  very  wide  significance.  It  includes  wooden 
: structures  on  wheels,  also  those  Avithout  foundations,  but  resting  simply  on 
tthe  ground.  Under  the  Infectious  Diseases  Notification  Act,  1889,  the 
tterm  building  applies  to  boats,  vessels,  ships,  tents,  vans,  sheds,  and  other 
s  similar  structures  used  for  human  habitation. 

House. — Though  not  absolutely  defined,  the  term  "house  "  is  so  extended 
as  to  include  schools,  factories,  and  other  buildings  in  which  persons  are 
employed.    For  a  structure  to  be  a  "  house  "  it  is  not  necessary  that  persons 
I  reside  in  it. 

Owner. — Under  the  Public  Health  Acts,  the  term  "  owner  "  means  the 
1  person  who,  for  the  time  being,  receives  the  rack-rent  of  the  lands  or  premises 
i  in  connection  with  which  the  word  is  used,  whether  on  his  own  account  or 
.las  agent  or  trustee  for  any  other  person,  or  who  would  so  receive  the  same 
iif  such  premises  were  let  at  a  rack-rent.  By  rack-rent  is  meant  the  rent 
•that  is  not  less  than  two-thirds  of  the  full  nett  annual  value  of  the  property 
Under  Part  II.,  Housing  of  the  Working  Classes  Act,  the  owner  of  a 
property  is  held  to  be  any  person  or  corporation  who  has  at  least  a  twenty- 
oone  years'  interest  in  it. 

Drain  means  any  drain  of,  and  used  for  the  drainage  of  one  buildino-  only 
oor  premises  within  the  same  curtilage,  and  made  merely  for  commumcatinc^ 
ttherefrom  with  a  cesspool  or  like  receptacle  for  drainage,  or  Avith  a  sewer 
^nnto  which  the  drainage  of  tAvo  or  more  buildings  or  premises  occupied  by 
ddilferent  persons  is  conveyed. 

Sewers  include  sewers  and  drains  of  every  description,  except  drains  to 
which  the  word  "drain,"  as  above  defined,  applies.    In  other  words  a 
f«ewer  is  a  drain  receiving  the  drainage  of  two  or  more  buildings ;  and  may 
hbe  an  open  channel,  such  as  a  polluted  Avater-course,  as  well  as  an  under- 
rground  culvert.    Under  the  Metropolis  Local  Management  Act,  1862  this 
distinction  between  drain  and  sewer  is  not  accepted,  but  a  combined  drain  is 
Icleemed  to  remain  a  drain.    So  again,  in  urban  districts  Avhich  have  adopted 
^ection  19  of  the  Public  Health  Acts  Amendment  Act,  1890,  the  interpreta- 
;tion  of  "drain"  is  different.    Whereas  under  the  Public  Health  Act  1875 
tit  one  or  more  houses  drain  into  a  common  pipe,  such  common  pipe  or 
combined  dram  is  a  sewer;  but  under  section  19  of  the  Amended  Act  this 
common  pipe  is  deemed  to  be  a  sewer  only  if  aU  the  houses  belo7ig  to  one 
owner ;  if  they  belong  to  more  than  one  OAvner,  then  the  combined  drain  is 
'a  drain  rejpairable  at  the  owners'  expense,  and  not  a  sewer  repairable  at  the 
expense  of  the  Sanitary  Authority.  ^ 
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Canal  —Under  the  Canal  Boats  Acts,  1877  and  1884,  the  term  "canal" 
includes  any  river,  lake,  water,  or  inland  navigation  "  being  withm  the 
body  of  a  country,  whether  it  is,  or  is  not,  within  the  ebb  or  flow  of  the 

^^^^Canal  Boat  —This  includes  any  and  every  vessel,  however  propelled, 
used  for  conveyance  of  goods  along  a  canal,  as  above  defined  but  does  not 
include  a  ship  registered  under  the  Merchant  Shipping  Act,  1894,  unless 
the  Local  Government  Board  orders  otherwise,  which  it  may  do  on  the 
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•epresentation  of  a  Sanitary  Authority  or  any  of  its  inspectors. 

CurtUage  is  defined  as  a  "  court-yard,  backside  or  piece  of  ground  lying 
near  to  a  dwelling-house."  n  j  r; 

Slaughter-house  includes  the  buildings  and  places  commonly  caiied 
slaucrhter-houses  and  knackers'  yards,  and  any  building  or  place  used  for 
slaughtering  cattle,  horses,  or  animals  of  any  description.  ,  , 

Sanitary  convenience  includes  urinals,   water-closets,  earth-closets, 
privies,  ashpits,  and  any  similar  convenience.  ^  v 

Ashpit  includes  any  ashtub  or  other  receptacle  for  the  deposit  of  ashes, 

fsecal  matter,  or  refuse.  ,    j  „r,ri 

Lands  and  premises  include  messuages,  buildings,  lands,  easements,  and 

hereditaments  of  any  tenure.  ,  •    i  j  „„j 

Dwelling-house  means  any  inhabited  building,  and  includes  any  yard^ 
c^arden,  outhouses,  and  appurtenances  belonging  thereto,  or  usuaUy  enjoyed 
therewith,  and  includes  the  site  of  the  dwelling-house  as  so  defined. 

Street  includes  any  highway  (not  being  a  turnpike  road),  and  any  pubhc 
bridge  (not  being  a  county  bridge),  and  any  ^'O^d,  lane,  footway  s^^^^^^^^^^ 
court  alley  or  passage,  whether  a  thoroughfare  or  not  (Public  Health  Act, 
1875  sect^i'on  4)  The  Pubhc  Health  (London)  Act,  1891,  section  141, 
dT'to'thrdeLtion  of  a  street  the  --^s  "wheta  o^^^^^^^^^^^ 
houses  in  such  street."  Under  the  Housing  of  the  Working  Classes  Act 
1890  section  29,  the  word  "street"  is  restricted  to  a  road,  &c.,  with 
houses  built  in  it,  and  does  not  include  highways  or  roads  without  houses 

Earth-closet 'is  defined  "as  anyplace  for  the  reception  and  deodorisation 
of  feecal  matter,  constructed  to  the  satisfaction  of  the  local  authority. 

BYE-LAWS  AND  REGULATIONS. 

Tn  respect  of  certain  matters,  and  under  certain  conditions  expressly 
in  the  various  Acts  dealing  with  the   Public  Health,  Sanitary 

ly  it.  impose  such  ---f  ^  °kce,  a  further  ( 
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they  think  proper.  The  bye-laws,  when  confirmed,  must  be  printed  and 
hung  up  in  the  office  of  the  Sanitary  Authority,  and  a  copy  of  them  must 
be  dehvered  to  any  ratepayer  of  the  district  who  applies  for  them  (see 
Pubhc  Health  Act,  1875,  sections  182  to  185)  ^ 

Some  bye-laws  must  be  made  by  a  local  authority;  there  are  others 
\vhich  may  be  made  by  both  urban  and  rural  authorities,  and  others  also 
u-hich  urban  Sanitary  Authorities  are  alone  empowered  to  make.  In  the 
greater  number,  the  power  to  make  them  is  permissive 

Kegulations  differ  somewhat  from  bye-laws,  because,  with  few  exceptions, 
hey  do  not  require  the  approval  of  the  Local  Government  Board.  Thev 
.'S'l'v'^?^  ^  ^Tf  a  resolution  at  a  meeting  of  the  authority, 
.nd  may  be  amended  or  rescinded  at  a  subsequent  meeting.  In  certain 
ases,  as,  for  instance,  under  section  125,  PubHc  Health  Act,  1875,  relating 
0  the  removal  to  hospital  of  infected  persons  brought  by  ships  a  reguTa 

Tacit  vl'  '  I'^v  T' ^  -P-i-  -thority'  Sts 
)ieach  involves  habihty  to  a  money  penalty  J' 

esp^:?  ttlSlXin""         — - 

1.  Common  Lodging-houses.-Fov  fixing  and  varying  the  number  of 
xlgers;  for  the  separation  of  the  sexes;  for  promoting  cleaX^s  and 
entdation ;  for  giving  of  notices  and  taking  precautions  inX  case  of 

ItTJubirHlil^/'^^  well-ordlr4  and  sanitation  of  suc^ 

ouses  (ir^ublic  Health  Act,  1875,  section  80) 

2.  Cleansing  and  Scavenging.— For  the  cleansing  of  footways  •  for  the 
|moval  of  touse  refuse  ;  for  the  prevention  of  nuisaLes  arisSrom  snow 
us^ashes,  rubbish,  and  the  keeping  of  animals  (Public  Health  Tc^  137!; 

^tX  Z:i^^^^^^^^^  bye-laws  IS  derived  from  the  Merchant 

vntli^Z^t'^'  """"^  5«^M•7.^..-With  respect  to  the  level,  width,  con- 

i  n!   p1  ir  P^bhc  Health  Act,  1875,  section  167,  and 

u/'hteSlTtTLT^''  li'^'f  ^'  registering,  and  inspection  of 
'per  sCpTv  of  wnt^  ^^^^"^^g  ^^^^^  cleanliness  and 

rms^t^^tio"^^^^^^^  "  '°  P^^"^"'  ^-^^^y  (P-blic  Health 

stu^t?houst  fnd'V^?^*^'  i-^Pection 


8 


tcfZ^Sf/^'ff' 'kese  worWB  decent  lodsiuKs 
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occupants  of  these  structures  (Housing  of  the  Working  Classes  Act.  1885, 
(Interments)  Act  18^^^^  regulation  of  public  grounds  and  walks, 

Workin-  Classes  Act,  1890,  for  the  regulation  of  all  buuam^s  p 

in  respect  of  the  following  ■•—  .     7,^„,„^„  /o\  Tenement  houses  J  , 

(1)  Przm/e  .ca.er.«,  (2)  Common  ^odg^ng-house^^^^^^  'f^y  Tents  and  tj 

and  kamen^s  lodging-houses  ^'^.f  ^.r^iSa  17  heWorJcvng  Classes  \ 
vans,  (6)  Mortuaries,  and   7)  under  ^'''^  J  j^^^iqx  Acts  ■  '■^ 

IT'  1890.  Further,  by  adopting  portions  of  ^^o  ^^^^^^^  districts, 
Imendment  Act,  1890,  which  are  not  ^J^X^^^'^l^  Z  nero  and  old 
rural  Sanitary  Authorities  can  ^ft^'^'l^'^J^^^^       on  them  any  other 

ties  (Pubhc  Health  Act,  1875  section  276)^  ^^^^^  ^^^^.^^g. 

Every  Sanitary  ^^'^^^^^.^f'^^jt  the  same  as  to  slaughter- 
houses ;  every  urban  Sanitary  Auto^J^Yr  bye-laws  is  optional, 
houses  ;  the  exercise  of  power  as  to  other  bye  la  i  ^i^g 

The  London  County  Council  have  power  to  make  ^^.^^^  , 

x-egulation  of  the  Pl-s,  Ws,  width  s^f^^  , 
of°new  streets  and  roads;  for  the  V^^^J'^^  ''^'^^  f  ^s,  drams,  i 

dimensions,  form,  --^-ction,  d^^^^^^  --^^^^^^ieti^^^ 
and  traps  connected  with  sewers ,         as  to  me  ^^^.^^  ^^^^  ^ 

and  cleansing  0^7''' o!d  M^nl^^^^^  .  X 

certain  unrepealed  ^l^i^^J^.f  Act,  1891,  for  regulating  t| 

Also  under  the  Public  health  (Lond^^^^^     ,  .^^  ^gj 

conduct  of  offensive  trades  and  the  s^^^^uje  ot  tne^^  ^^^.^^ 
Z  prescribing  the  times        ^^f^^l^SL  of  a^ 
in  or  through  London,  so  as  to  avoid       ^^^^^^^^^     ^^^^^.i  and  disposa  of 
As  to  the  closing  of  cesspools  P^;;;^^^^^ 

refuse,  and  as  to  the  duties  of  ^1^^  °  ^uP^e^^^^^^^^^^^  earth-closets,  ashpits,  , 
with  house  refuse  (section  ^^'Xth^'^^^^^ 

cesspools,  receptacles  fo^.^^^^^^'^.  ^^^^^^^^^^^      make  bye-laws  under  section 
tion  with  buildings  (section  39)     i  f  compulsory.  ^     .  ' 

19  is  permissive,  but  ^"^^^^^^^^^Jth^^^^^     vu^t  ^^^ke  bye-la.^'s  for  the 

The  Metropolitan  Sanitaiy  Autnonues  7  rubbish,  ashes,  i 

control  of  nuisances  arising  1^^^^^^  running  fromj 

carrion,  fish,  or  filth  in  the  streets    oi  ^^o"^  .  for  the  preventioni 

:ny  manufactory,  brewery,  ^^-tnt^^^^^^^^^^ 

of 'keeping  animals      ^^^^       ""^^/y  ^^^^^^^^  yards  and  ope 

nuisance  or  dangerous  to  health,  ana  u 
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spaces  in  connection  with  dweUing-liouses  (section  16).  For  the  keepine 
of  water-closets  supplied  with  sufficient  water  for  their  effective  actioS 
(section  dy).    For  the  cleansing  and  protecting  of  aU  cisterns,  tanks,  &c., 

7'Jz:^^i:^:v^!  '^""'^^  ^^^p^^^'     ^^^^^  -^^^^^^^-^ 

The  same  authorities  may  make  bye-laws  for  the  removal  to  hospital  or 
Fnl  ^''''fl  '^^^^  ^^^^  infectious  disease  (section  66). 

for  hZ.n  1*'^'^'  ^^'i  «t™«t^^es  used 

nnf:T  ^f^'^^^^^' and  the  spread  of  infectious  disease  by  the  inhabi- 
tant thereof  (section  95  .  In  relation  to  tenement  houses,  bye-laws  are 
made  under  section  8  of  Housing  of  the  Working  Classes  Act  1885 
These  same  authorities  must  also  enforce  any  bye-laws  made  by  the  County 
Conned  under  sections  16  and  39  of  the  Pubhc  Health  (Londo^)  Act  189L 
in  the  city  of  London,  similar  powers  are  vested  in  the  Commissioners 

fsfiS  H  M^.  (London)  Act,  1891,  the  Gardens  in  Towns  ProtectLn  Act 
illl^l^X's^^^  ''''''  ''''  Open 

Under  the  Dairies  Order,  1885,  any  Sanitary  Authority  may  make 

f'  a^^^^^^^^  inieXn  - 

PnHl!/  '^,'^!^^^^es;  (6)  for  prescribing  and  regulating  the  lighting 
entdatmg,  draining,  cleansing  and  water-supply  of  dairies  and  cow-sheds 

ictirTJwo?  '"''"'".T  be  takenVpurveyors  of  milk  against 
milh  l  for  securing  the  cleanliness  of  milk  stores,  mHk  shops  and 

milk  vessels  used  for  containing  milk  for  sale  ^ 

A  Sanitary  Authority,  subject  to  approval  by  the  Local  Government 

-ard,  may  make  regidations  for  the  removal  to  hospitTand  detrtbn 
Ustric?!   "^.r  TT'V'       P^^-^°^^  be  brought  witHn^^^^^^ 

^e^^]^^:'f^i^  "^^-"'-^^  be  affected  with  an  infec  foi^ 
^naS  ri^SS^^^  ^t^^  ^ave  also  power  to 

mnl  fna  f  f     !  management  of  places  provided  by  them  for 

Th?  Tntn'r      examinations  ordered  by  a  coroner  (section  143). 

onl^LTsi^iTfoV"  ^  Scotland  and  Ireland  are 

omeMliat  similar  to  those  above  mentioned.    Where  offering  anv  markpH 

S"gr  ''""''''^''^  *be  fact  will  be IttTthe 

sue^r'^Mo!S?TJll'^'"^'  ^"'"^  Government  Board  have  prepared  and 
'  iit  to  fl  /t  T        ^erve  as  guides  to  Sanitary  Authorities  when 

■p?oiSe  plL^*"  ^  detailed  in  their 
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SEWERAGE  AND  DISPOSAL  OF  SEWAGE. 

I«  T„»l«.nd  and  Walc6.-By  the  Public  Health  Act,  1875,  section  13  it 
i3e„tK:fS'ewe.exce,^ce.taia^^^^^^^^^^^^ 

section  16  powers  ol  ^-^-l,l^rtof'Zt^,Z^2  Zr  damage,  to  be 

Sined^  — -lyf r  ^^^^^^^^^ 

Under  section  7,  Jiivers  ronuuuu  x  epwers  but  provision 

Authority  must  give  —j;;— S^^^^^^^^  asLythiug 
is  given  for  tlie  protection  of  sewers  trommjuriu         ,     '•   ^  jef^se,  waste 

wh'icli  may  impede  tl^^  flow  o  the.  ^^^^^^^^^  ^^^rctil  16  and  17. 
steam,  or  water  or  liquid  heated  above  liU  ^  ^^rictions  imposed  by 

Public  Health  Acts  i875  on  the  execution  of 

sections  32,  33,  and  34  of  he       ^/^^        '^^^^^^^  district,  involve 

sewerage  works  by  a  Sanitary  Authonty  o^^side  its  o  ^^^^ 

the  giving  of  a  public  notice,  ^f^^'^'^J^^^^Zent  Board,  who  may 
commenced  without  sanction  of  the  Local  t^overnmenu 

appoint  an  inspector  to  make  inquiry  ai^d  repork  Authority, 

For  the  protection  of  the  sewers  of        y^^""      u  4  unauthor- 
section  26,  Pubhc  Health  Act,  ^^^S   pWes  a  p^ 

ised  buildings  over  them;  and  l^^^'^^l^l^^^'^f  'Z^te  streets,  subject 

Sanitary  Authority  to  compel  ^be  sewering  ol  pi  v  ^^^^^ 

to  any  bye-laws  the  authority  can  g^^.^^^f  .^^/tame  1^^^  treatment  | 

Board,  'powers  are  given  by  sec  i^^n  27  of^^^^^^^^  such  disposal  \ 

and  disposal  of  sewage,  but  section  IJXP^^f J^^^^^^^       discharge:  this 
of  sewage  must  not  be        ;t«;^^^^^^^  with  the  Rivers  . 

latter  section,  .Hch  give  a  certain  amount  of  ij 

Pollution  Prevention  Acts  187b  and  ^J" „%-ii,ition  of  streams  and  I 

protection  to  Sanitary  Authori^ties  in  respect  o  ^e  pomit-i  ^^^^^^^^^^.^^^  . 
Lers  by  sewage  channels  used    onstruc^^^^^^^^^       pro  ^^^^^  ^^^^  , 

;tStKfr2t;iS  TS:n^l^^  -  communication  of 

sewers  with  sewers  of  adjommg  districts  sanitary  works  in  t 

The  incidence  of  the  charge  of  sewerage  and  o  h^^^^^^  I,, 

urban  districts  is  usually  made  by  a  gene  al  to^  ^^^^^  ^ 

rural  districts,  the  incidence  °  ^^^^^Jf^  °  3  ^^^^^^^^  a  separate 
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carried  out,  and  the  areas  liable  to  contribute  are  termed  "contributory- 
places"  (section  229).  There  are  four  kinds  of  contributory  places  :— (1)  A 
rural  Sanitary  Authority  may,  subject  to  approval  by  the  Local  Government 
Board,  constitute  any  portion  of  its  area  a  "special  drainage  district"  for 
the  purpose  of  charging  thereon  exclusively  the  expenses  of  sanitary  works, 
the  cost  of  which  is  not  spread  over  the  entire  district,  and  thereupon  such 
area  becomes  a  "contributory  place."  (2)  Where  no  part  of  a  parish  is 
situate  m  a  special  drainage  district,  or  in  an  urban  sanitary  district,  the  entire 
parish  IS  a  contributory  place.  (3)  Where  no  part  of  a  parish  is  in  an  urban 
sanitary  district,  but  part  of  it  is  in  a  special  di-ainage  district,  the  part  not 
in  a  special  drainage  district  is  a  contributory  place.  (4)  Where  part  of  a 
parish  IS  in  an  urban  sanitary  district,  and  part  in  a  rural  sanitary  district, 
so  much  of  it  as  is  not  in  an  urban  district  or  special  drainage  district  is  a 
contributory  place  (section  229). 

In  London.— The  County  Council,  as  the  successors  of  the  Metropolitan 
-Board  of  AVorks,  are  the  local  authority  for  the  purposes  of  the  main 
sewerage  and  disposal  of  the  sewage  of  London,  while  the  Borough 
Councils  are  the  local  authorities  for  the  purposes  of  the  sewerao-e  and 
dramage  other  than  the  main  sewerage.  The  powers  of  the  late  Metro- 
politan Board  of  Works,  and  consequently  of  their  successors,  the  County 
Council,  as  regards  mam  sewerage  are  derived  from  the  Metropolis  Manage- 
ment Act,  1855,  taken  in  conjunction  with  a  similar  Act  of  1862,  and  the 
MetropoHtan  Main  Drainage  Act,  1 858. 

WhUe  the  main  sewers  are  to  be  constructed  and  kept  so  as  not  to  be  a 
nmsance,  the  County  Council  have  power  to  declare  sewers  to  be  main 
sewers,  and  to  take  jurisdiction  over  sewerage  and  drainage  matters  belong- 
ing to  the  boroughs,  also  to  control  these  bodies  in  the  construction  of  sewers 
A^c,  by  means  of  bye-laws.  The  general  powers  of  the  County  Council  in 
respect  of  sewerage  and  sewage  disposal  are  very  similar  to  those  of  the 
.^amta,ry  Authorities  m  the  provinces  under  the  Public  Health  Act  1875 
As  relates  to  procedures  for  the  prevention  of  floods,  the  powers  of  the 
County  Council,  by  inheritance  from  the  Metropolitan  Board  of  Works  are 
derived  from  the  Metropolitan  Management  (Thames  River  Prevention  of 
Floods)  Amendment  Act,  1879.  All  sewers,  &c.,  within  the  city  are  vested 
m  the  Commissioners,  who  have  fuU  powers  over  them  and  aU  drains  com- 
municating with  the  pubHc  sewers,  under  the  City  of  London  Sewers  Act, 

By  the  Metropolis  Management  Act,  1855,  section  68,  aU  sewers,  other 
than  those  now  vested  in  the  County  Council  and  the  Commissioners  of 
bewers,  are  vested  in  the  Borough  Councils,  who,  from  time  to  time,  must 
repair,  maintain,  alter,  or  extend  as  may  be  necessary ;  but  no  new  sewers 
'-an  be  made  without  the  approval  of  the  County  Council.  The  powers 
,i;iven  by  the  above  provisions  are  extended  in  certain  cases  to  areas  outside 
tiie  metropohs  by  section  58  of  the  Metropolis  Management  Act,  1862 
ihe  Act  of  1855  (sections  73  to  75)  further  provides  for  the  ventUation" 
trapping,  cleansing,  inspection,  and  proper  connection  of  drains  with  sewers 
"11  the  part  of  the  Sanitary  Authorities ;  while  section  202  of  the  same  Act 
■.'ives  the  local  authorities  power  to  make  bye-laws  as  to  di-ains.  For  the 
purposes  of  their  sewers,  and  for  other  purposes  of  the  Metropolis  Manacre- 
'■lent  Acts,  every  District  Council  has  the  same  power  as  the  Countv 
ouncil  to  purchase  lands.  These  purchase  powers,  however,  are  not 
'  ompulsory  (.sections  151,  152).  ' 

tion^Lf -"^^^^^  draw  any  formal  distinc- 

tion between  drains  and  sewers,  the  duties  of  local  authorities  in  re-ard 
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to  their  provision  and  maintenance  do  not  materially  differ  fronj  those  of 
the  Fndish  Sanitary  Authorities ;  the  powers  being  derived  from  the 
pr  vi^of  0^  Health  (Scotland)  Act.  1897,  the  Burgh  l  ohce 

Scotland^  Act  1892,  and  the  Local  Government  (Scotland)  Act,  1889. 
?hou "  tL  pVution  of  a  stream  by  sewage  is  an  offence  as  a  nuisance 
under  the  common  law  of  Scotland,  it  is  also  so  under  section  21  of  the 
Svers  Pollution  Prevention  Act,  1876  and  1893,  which  apphes  to  Scotland, 
w  r  the  ubstitution  of  the  Local  Government  Board  for  Scotland  as 
renLl  authority.  A  County  Council  may  enforce  this  Act  as  if  it  were  a 
Snnitarv  Authority  within  its  meaning.  . 

in  Ireland.-The  provisions  of  the  Irish  Public  Health  Act,  1878,  m 
respect  of  sew;rage  and  sewage  disposal  are  identical_  with  those  of  the 
eSi  Act  of  1875.  The  Eivers  Pollution  Prevention  Acts,  18/6  and 
?893  extend  also  to  Ireland,  but  in  their  practical  application  there  is  some 
doubt  whether  the  definition  of  Sanitary  Autoity  ^^-'^^^t^lf^l^^^l 
1876  can  be  held  to  include  a  Sanitary  Authority  constituted  by  the  lush 
Public  HeaUh^^^  of  1878.  In  respect  of  the  incidence  of  taxation  to  meet 
foaf  charge    f^^^  works,  it  is  noticeable  that  the  definition  of  a 

contriSy  place  in  the  Irish  Act  is  different  from  tha  contained  in  the 
Sih  Acl  By  section  232  of  the  Public  Health  Act  (Ireland),  18/8  a 
SrTbuttrv  place  may  be  (1)  the  dispensary  district;  (2)  the  electoral 
div£on     3)  the  town-land    (4)  such  portion  of  the  town-land  or  town- 

is  fixed  for  one  particular  work,  and  the  same  area  need  not  be  adopted  tor 
the  expenses  of  another  sanitary  work  for  the  same  place. 

HOUSE  DRAINAGE  AND  REMOVAL  OF  EXCRETA  FROM 

HOUSES. 

Tt.  Vnffland  and  Wales  —The  Public  Health  Act,  1875,  sections  21  to 
25       e!  etTy  sTnttaTAn^^^^^^^  PO-r  to  enforce  drainage  of  ^drained 

declare  the  same  to  be  "private  ^P^'^^^'f ^^^^^^^^^^^^ 
improvement  expenses                                 ^^^^^  expenses,  if 
They  may,  moreover,  be  levied  on        «  S^l'^^^^^^^^^^^  It  occasion- 
recovered  summarily,  will  only  be  ^ecove^^hle  fim^  the  o^^  nex  ^^^^ 

ally  happens  that,  owing  ^^/i%''\''f''^Zt^^^^^^^^  those  cases, 

supplied  with  cesspools  and  effectual  ^^ams  kad  ng  th^^^^^^^^^^^   i  ^^^^^ 

the  Sanitary  Authority  are  under  no  obligat^^^^^  ^Vsewa^e  into  the  new 
necessary  for  enabling  the  house  to  that  in  which 

sewers.    Where  the  sewer  is  m  the  ^^^^^^^  ^ ^  ^^^^^^  notice  and 

the  premises  are  situate,  the  ^  auZ  iV  the  communica- 

complying  with  the  regulations  of  the  authority  as  to  nov 
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tion  is  to  be  made,  is  entitled  to  carry  drains  into  the  public  sewer.  In 
places  where  Part  III.,  Public  Health  Amendment  Act,  1890,  has  been 
adopted,  by  section  18  of  that  Act,  the  owner  or  occupier  has  a  right  to 
require  the  Sanitary  Authority  to  make  the  communication  at  his  cost. 
Where  the  sewer  is  in  another  sanitary  district,  the  communication  must  be 
made  on  such  terms  and  conditions  as  may  be  agreed  upon  between  the 
owner  or  occupier  and  the  authority  to  whom  the  sewer  belongs. 

Where  any  drain  or  cesspool  is  a  nuisance,  or  injurious  to  health,  the 
Sanitary  Authority  may  take  proceedings  to  remedy  the  matter  either  under 
section  41,  Public  Health  Act,  1875,  or  under  the  provisions  of  the  same 
Act  relating  to  nuisances.  All  the  foregoing  provisions  apply  to  existing 
houses  and  drains,  without  regard  to  the  date  of  their  construction,  in  both 
urban  and  rural  districts. 

In  urban  districts,  and  in  rural  districts,  or  contributory  places  endowed 
with  urban  powers  by  section  276,  Public  Health  Act,  1875,  not  only 
may  no  house  be  built  or  rebuilt  after  having  been  puUed  down  to  or  below 
the  ground  floor,  or  be  occupied  after  having  been  built  or  so  rebuilt  until 
proper  covered  drains  have  been  constructed  and  duly  connected  with  either 
a  sewer  or  cesspool,  as  above  indicated,  to  the  satisfaction  of  the  Sanitary 
Authority  (section  25,  Act  of  1875),  but  the  authority  may  make  bye-laws 
as  to  the  mode  in  which  connections  between  drains  and  sewers  are  to  be  made 
« (idein,  section  157).  This  157th  section  of  the  1875  Act  is  only  of  limited 
.  extent,  as  it  provides  that  no  bye-law  made  under  it  shall  affect  any  building 
erected  in  any  place  which,  on  August  11,  1875,  was  included  in  an  urban 
sanitary  district  before  the  Local  Government  Acts  came  into  force  in  such 
place,  or  any  building  erected  in  any  place  which,  on  that  date,  was  not 
included  in  any  urban  sanitary  district  before  such  place  became  constituted 
or  included  in  an  urban  district,  by  virtue  of  any  order  of  the  Local  Govern- 
•  ment  Board,  subject  to  this  Act.  Nor  may  any  bye-law  made  imder  the 
section  apply  to  buildings  belonging  to  any  railway  company,  and  used  for 
the  purposes  of  such  railway  under  any  Act  of  Parliament.  In  places 
where  Part  IIL,  Public  Health  Amendment  Act,  1890,  has  been  adopted, 
section  23  of  tliis  same  Act  has  extended  the  operation  of  this  157th  section 
of  the  1875  Act  to  buildmgs  erected  before  the  time  mentioned,  and  to 
rural  sanitary  districts.  Rural  Sanitary  Authorities  can  therefore  now,  by 
adopting  this  part  of  the  1890  Act,  obtain  these  very  important  powers 
t  hroughout  their  districts  without  the  intervention  of  any  order  of  the  Local 
<Tovernment  Board. 

The  law  relating  to  privies,  water-closets,  excrement  and  refuse  disposal, 
resembles  that  relating  to  house  drainage,  inasmuch  as  it  is  contained  partly 
in  statutory  enactments  applicable  to  both  urban  and  rural  sanitary  districts, 
and  partly  in  bye-laws  applicable  only  to  urban  districts  and  to  those  rural 
sanitary  districts  or  contributory  places  to  Avhich  they  have  been  specially 
applied  by  order  of  the  Local  Government  Board.  The  general  statutory 
enactments  in  regard  to  these  matters  of  excrement  and  refuse  disposal  are 
contained  in  the  Public  Health  Act,  1875,  sections  35  to  45,  and  practically 
amount  to  the  following :— It  is  unlawful  to  erect  any  house  without  a 
sufficient  water-closet,  earth-closet,  or  privy,  and  an  ashpit  with  proper 
doors  and  coverings ;  and  the  same  must  be  provided  for  any  existing  house 
yn  the  order  of  the  Sanitary  Authority,  who  may  require  a  separate  closet 
tor  each  house  (sections  35,  36,  and  37).  The  Sanitary  Authority  may  order 
sanitary  conveniences  in  factories  where  persons  of  both  sexes  are  eiiiployed 
(section  38),  while  the  Coal  Mines  Regulation  Act,  1887,  section  74,  makes 
the  same  provision  applicable  to  parts  of  mines  above  ground  in  which 
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women  and  girls  are  employed.  Every  Sanitary  Authority  must  see  that 
all  drains,  closets,  ashpits,  and  cesspools  are  properly  constructed  and  kept 
^section  40)  •  while  urban  Sanitary  Authorities  may  provide  public  urinals, 
closets,  or  receptacles  for  refuse  (sections  39  to  45).  On  the  written  applica- 
tion of  any  person  that  any  drain,  closet,  ashpit,  or  cesspool  is  a  nuisance,  the 
Sanitary  Authority  may,  by  writing,  empower  their  surveyor  or  inspector, 
after  ^ivins  twenty-four  hours'  notice,  to  enter  the  premises  and  open  the 
ground  •  if  any  defect  is  found,  the  Sanitary  Authority  must  serve  notice  upon 
the  owner  or  occupier  to  do  the  necessary  work,  but  if  there  is  no  defect,  the 
Sanitary  Authority  must  close  the  ground  and  make  good  any  damage. 

The  Local  Government  Board  have  issued  a  series  of  Model  Bye-laws 
relatinc-  to  the  various  matters  for  which  bye-laws  may  be  made  by  a 
Sanitary  Authority  under  the  foregoing  provisions.  Their  general  pro- 
visions are  sufficiently  indicated  in  the  foUowmg  summary  :— 

Drainage.-Bamv  sites  must  be  drained  by  earthenware  field  pipes  P™P"ly  J^^d  t°  a 
suitable  outfall,  but  not  directly  communicating  with  any  sewer  or  cesspool  or  dram 
containing  sewage.  Rain  pipes  must  be  provided  to  carry  away  all  water  ialling  on  the 
roS  without  cans  ug  dampness  of  the  walls  or  foundations.  The  level  of  the  lowest 
llljtZ\:  ::^is  to  a^low  of  the  construction  of  a  drain  -^--^  ^ 
of  the  building  communicating  with  a  sewer  at  a  point  above  the  centie  ot  tlie  sev^er. 
lll  drain  Sr^sewage  must  be^  made  of  impervious  pipes  4  "^'^l^?!,  "'Vsht  iSf 
J4t^.=d^J  l^ntiSn  ^^^^ 

E«=ti»;^^i^^ 

venttttd  ateTcf  e^dof  the  portion  beneath  the  building.^  The  ma,n  d,a^^^ 
trapped  at  a  point  within  the  curtilage  but  as  distant  as  P^^f ''^^.^  «f 

to  ole  of  the  following  alternative  a4'ngements  -d)  0-;P--f  Xted  L   lose  a 
disconnecting  chamber  opening  at  or  near  the  S^^'^^J^^i^J/V,  f'i^/Xi  ope^^^^^^^^  a 

Kea  S  poss  b[rto  the  hea^^  drain,  vertically  upwards  -/"/^^--^  ^  any 

eS'tlie  siaft  being  placed  near  the  trap,.and  the  opening  at  the  gr-nd  lev  1 
the  head  of  the  drain.    The  ground-level  opening  miist  ^^T^^^  ,J  the  other 

equal  in  total  area  to  the  sectional  area  '  eaifired  to  have  a  sectional  area 

end  of  the  drain  (whether  used  as  a  soil  pipe  "[^""t^^^       2,*^  all  bends  and  angles 
equal  to  that  of  a  drain,  and  in  no  case  to  be  less  than  4  inches  ,  an 
are  to  be  avoided  as  far  as  practicable.  necessary  for  a  water- 

No  drain  inlet  is  permitted  withm  a  bui  dmg  except  t'^^  °®/=l'f  f/iJced  outside 

closet?  Every  soil  pfpe  must  be  at  least  ^^-^'fuU  di^ete  \v  t^^^^^^^  angles, 
the  building,  and  must  be  continued  upwards  in  full  ^^^^^^'^'^  J^^v  liv.  This  height 
to  such  a  height  and  such  a  point  as  to  afford  a  safe  o^tl^^^^  of  theTuilding  to  which  the 
and  point  will  usually  be  above  the  l"gl^«f  P^'"*  "J  ^^^^  Zn  3  feet  Ibovf  any  window 
soil  pipe  is  attached,  and,  where  practicable,  not  less  ^  1';^^;  ^"^^^    •  Ti.ere 

within  20  feet  measured  in  a  straight  line  ^he  open  end^  ^^^^ 
must  be  no  trap  between  the  soil  pipe  and  t^e  dram  to    J  «^  ^j,,  ,vater-closet. 

of  the  soil  pipe  except  such  as  may  be  necessa  y  in  ^  ^^.^  . 

The  waste  pipe  from  a  slop  sink  must  conform  to  the  same  'equireme 
The  waste  pipes  from  any  other  sink  bfth,  or  la^^^^^^^^^^  anLverv  pipe  for  conveying 
cistern  and  fi?om  any  "safe"  under  a  b«th  or  w'ltojjf  ^  n  ust  d  Jcha?ge  in  the  open 
waste  water,  must  be  taken  through  an  ^^t^J^^^lj^^j' "g  dittant. 
air  over  a  channel  leading  to  a  trapped  gully  8  *t'"f  V^^lVe  ^xte^  air.  and  measur- 
Watcr-closels  must  have  a  window  0P«'""? 'l"?,^^  X  *he  window,  adequate  means 
ing  2  feet  by  1  foot  clear  of  the  frame  ;  and,  u  addition  to  "^e^Miwo  ,  1  ^^^^.^^  ^j^^ 
of^onstant"^  ventilation  by  air-bncks,  air-shaft^^^^^  &c      S"eh  close^ts.^  ^  ,,ater-closet 
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and  cleansing  of  the  basin  ;  the  basin  must  be  made  of  non-absorbent  material,  and  of 
such  shape  and  capacity  as  to  receive  and  contain  a  sufficient  quantity  of  water,  and  to 
allow  all  filth  to  fall  free  of  the  sides  directly  into  the  water.  "Containers"  and 
"  D- traps  "  are  forbidden. 

Earth- closets  are  subject  to  the  same  conditions  as  water-closets,  so  far  as  regards 
position,  lighting,  and  ventilation.  Proper  arrangements  must  be  made  for  the  supply 
of  dry  earth,  and  its  effectual  and  frequent  application  to  the  excreta  ;  also  for  con- 
venience of  scavenging,  and  for  exclusion  of  rainfall  and  drainage.  The  receptacle  for 
excreta,  whether  fixed  or  movable,  must  be  so  constructed  as  to  prevent  absorption 
or  escape  of  the  contents,  and  to  exclude  rainfall  and  drainage  ;  if  fixed,  its  capacity 
must  not  be  greater  than  may  suffice  for  three  months,  nor  in  any  case  greater  than  40 
cubic  feet,  and  it  must  in  every  part  be  3  inches  above  the  ground.  In  the  case  of 
earth-closets  placed  inside  houses,  the  maximum  limit  of  size  may  with  advantage  be 
reduced  to  2  cubic  feet. 

Privies  must  not  be  erected  within  6  feet  of  a  dwelling,  public  building,  or  place  of 
business,  nor  within  50  feet  of  any  water  likely  to  be  used  for  drinking  or  domestic 
inirposes,  or  for  manufacturing  drinks,  nor  otherwise  in  such  a  position  as  to  entail 
danger  of  the  pollution  of  such  water.  Privies  must  be  built  so  as  to  admit  of  con- 
venient scavenging  without  carrying  the  contents  through  any  dwelling,  public 
building,  or  place  of  business.  There  must  be  an  opening  for  ventilation  at  the  top ; 
the  floor  must  be  paved,  and  raised  6  inches  above  ground  in  all  parts,  with  a  fall 
of  half  an  inch  towards  the  door.  The  receptacle  may  be  fixed  or  movable.  If  movable, 
as  in  pail-closets,  the  floor  of  the  area  beneath  the  seat  must  be  flagged  or  asphalted, 
and  raised  3  inches  above  the  ground  level,  and  all  the  sides  of  the  said  area  must  be 
made  of  flag,  slate,  or  brick,  at  least  9  inches  thick,  and  rendered  in  cement.  If  the 
receptacle  is  fixed,  it  must  be  in  every  part  3  inches  above  the  ground  level,  and  its 
capacity  not  exceeding  8  cubic  feet,  j)resuming  that  the  scavenging  will  be  done 
weekly  :  suitable  means  or  apparatus  must  be  provided  in  connection  with  the  privy 
for  the  application  of  ashes,  dust,  or  dry  refuse  to  the  filth  deposited  ;  and  the  receptacle 
must  be  so  constructed  that  the  contents  may  not  at  any  time  be  exposed  to  rainfall,  or 
to  the  drainage  of  any  waste  water  or  liquid  refuse  from  any  adjoining  premises,  while 
at  the  same  time  conveniently  accessible  for  scavenging  ;  the  materials  and  construction 
must  be  such  as  to  prevent  any  absorption  by  any  part  of  it  of  any  filth  deposited 
therein,  or  any  escape  by  leakage  or  otherwise  of  its  contents.  It  must  in  no  way  be 
connected  with  a  drain. 

Cesspools  must  not  be  constructed  within  50  feet  of  any  dwelling,  public  building  or 
place  of  business,  nor  within  100  feet  of  a  water  likely  to  be  used  for  drinking  or 
domestic  purposes,  or  for  manufacturing  drinks,  or  otherwise  in  such  a  position  as  to  entail 
danger  ol  pollution  of  such  water.  Cesspools  must  be  so  constructed  and  placed  as  to  con- 
veniently admit  of  scavenging  and  cleansing  without  carrying  the  contents  throut'h  any 
Uwelling,  public  building,  or  place  of  business.  They  must  not  be  connected  with  any 
.ewer.  Ihey  must  be  covered  over  by  an  arch,  or  otherwise,  and  adequately  ventilated, 
i  hey  must  be  constructed  of  brick  in  cement,  rendered  inside  with  cement,  and  with  a 
backing  of  at  least  9  inches  of  clay. 

Ashpits  must  not  be  constructed  within  6  feet  of  any  dwelling,  public  building,  or 
place  of  business,  nor  within  50  feet  of  any  water  likely  to  be  used  for  drinking  or 
Uomestic  purposes,  nor  otherwise  in  such  a  position  as  to  entail  danger  of  the  pollution 
ot  such  water.    Ashpits  must  be  so  placed  and  constructed  as  to  conveniently  allow 

0  scavenging  without  carrying  the  contents  through  any  dwelling,  public  building,  or 
I'lace  ot  business.  The  capacity  must  not  exceed  6  cubic  feet,  or  such  less  capacity  as 
laay  suthce  for  a  period  not  exceeding  one  week.  The  walls  must  be  of  flag,  slate, 
or  brick,  at  least  9  inches  thick,  and  rendered  inside  with  cement  ;  the  floor  must  be 
fiaggea  or  asphalted,  and  raised  at  least  3  inches  above  the  ground  level.  The  ashpit 
must  be  roofed  and  ventilated,  and  provided  with  a  door  so  arranged  as  to  allow  of  the 
convenient  removal  of  the  contents,  and  to  allow  also  of  being  closed  and  fastened. 
I-  ne  ashpit  must  not  be  connected  with  any  drain. 

In  London.— In  regard  to  house  drainage,  water-closets,  privies,  cesspools, 
islipits,  the  removal  and  disposal  of  refuse,  the  receptacles  for  dung,  and  the 

1  'roper  accessories  thereof  in  connection  with  new  buildings  or  old,  by  section 
•J  (1)  of  the  Public  Health  (London)  Act,  1891,  the  County  Council  are 
lupowered  to  make  bye-laws,  which  it  is  the  duty  of  every  Sanitary 

Authority  in  London  to  enforce  and  observe.  Bye-laws  made  by  the 
bounty  Council  under  the  Act  do  not,  however,  extend  to  the  city.  These 
t)ye-laws  and  any  others  made  by  the  County  Council,  under  this  Act,  are 
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subiect  to  the  provisions  of  sections  182  to  185  of  the  Public  Health  Act, 
1875  as  already  explained  in  connection  with  bye-laws  made  by  any 
Sanitary  Authority  in  England  and  Wales :  in  their  main  provisions  the 
bve-laws  made  by  the  County  Council  accord  closely  with  those  given  above 
as  models  by  the  Local  Government  Board.  Earth-closets,  privies,  and  ^ 
receptacles  for  dung  must,  by  the  London  County  Council  bye-laws,  be 
emptied  and  cleansed  weekly ;  while  cesspools  must  be  similarly  treated 

every  three  months.  .     .   -r     i     •      ^  i.- 

The  obligations  and  powers  of  a  Sanitary  Authority  m  London  m  relation 
to  house  drainage  and  the  removal  of  refuse  are  very  similar  to  those  of  a 
Sanitary  Authority  in  other  parts  of  the  country.  A  new  house  must  have 
"one  or  more  water-closets,  as  circumstances  may  require,  with  proper 
water-supply,  trapped  soil-pan,  and  other  accessories.  The  same  apphes  to 
aU  houses,  irrespective  of  date,  under  notice  from  the  Sanitary  Authority 
(section  37)  A  privy  or  earth-closet  may  only  be  substituted  li  the 
available  sewerage  and  water-supply  is  insufficient  for  a  water-closet.  Any 
person  who  may  think  himself  aggrieved  by  any  notice  or  act  of  the  Sanitary 
Authority  may  appeal  to  the  County  Council,  whose  decision  is  final 
These  appeals  are  governed  by  section  126.  Penalties  are  prescribed  for  (a) 
constructing  or  re-constructing  water-closets,  &c.,  ^^^^^^^^^^^^^Tor'^bs 
this  Act  or  any  bye-laws,  or  in  defiance  of  notice  or  prohibition ;  6)  for  dis- 
contitlg  any^uch  water-supply  without  lawful  authority;  («)  f  g^U^ - 
wilfully  injuring  or  constructing  a  dram  or  water-closet  so  as  to  create  a 
nuisance  or  danger  to  health  (section  41).  _ 

In  Scotland.— When  no  house  drain  exists,  an  owner  may,  under  the 
PubHc  Health  (Scotland)  Act,  1897,  section  120,  be  compeUed  to  make  one 
and  in  the  absence  of  a  public  sewer  within        jards  to  pro..dy  c^^^^^ 
pool :  but  there  is  no  provision  for  compeUmg  or  insurmg  that  new  houses 
are  properly  drained.    This  defect  in  the  Act  is  practically  minimised  by 
tie  Salicit'y  of  the  term  nuisance  under  the  same  A^V"^"\rt  tow^^^^ 
insufficiency  of  drainage  and  water-closet  accommodation.    In  the  towns 
sublfct  tX  provision  of  the  Burgh  PoHce  Act,  1892,  Pow-  is  given  t 
the  burghal  authorities,  which  do  not  materiaUy  differ  from  the  Eng  sh 
provisions  (sections  238  to  245),  except  that  what  are  contained  m  de^^^^^^^^^^^ 
regulations  in  the  Scottish  Acts  are,  in  England,  left  to  be  prescribed  m  the 

''^^n  Ir'eCdT'a  Sanitary  Authority  is  empowered  to  enforce  the  dramag 
of  undrained  houses,  but  it  is  not  compulsory  on  .'V.nl  h 

EnXnd  The  Sani  ary  Authority  may  also,  by  the  Irish  Pubhc  Health 
A  t  1878,  requL  drains  and  cesspools  to  be  ^^ntilated  as  --y  JPea 
necessary  section  25  et  seg.).  As  to  drainage  m  the  ca.e  of  ^e^^  y  budt  or 
rpbuilt  houses  a  rural  Sanitary  Authority  cannot  enforce  it;  but  it  can 
mSe  bve  S  respect  to  the  drainage  of  buildings,  a  provision  which 
Stn^eSlnt^overs  L  same  ground.  ^  ^o^^  ^  ^ 
bye-laws  is,  in  Ireland,  given  to  W  a^^^ 

fa^,  as  those  of  the  English  Local  Government  Board  are  fully  apphcable 

't^  general  provisions  in  the  Irish  Act  (section  44  et  s^^^^^ 
sanitary  conveniences,  &c.,  are  almost  the  same  as  those  m  the  Enghsh 
of  1875. 
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In  England  and  Wales. — By  section  42,  Public  Health  Act,  1875,  every 
-Sanitary  Authoritj^  may,  and  when  required  by  the  Local  Governnaent 
Board  shall,  undertake  or  contract  for  the  removal  of  house  refuse  and 
cleaning  of  privies,  ashpits,  &c.  Moreover,  every  urban  Sanitary  Authority 
:ind  every  rural  Sanitary  Authority  invested  with  requisite  powers  may,  and 
when  required  by  the  Local  Government  Board  shall,  themselves  undertake 
:he  cleaning  of  streets ;  they  may  also  undertake  the  watering  of  the  same. 
All  refuse,  so  collected,  shall  be  the  proj^erty  of  the  local  authority,  to  be 
sold  or  otherwise  disposed  of,  any  profits  to  be  applied  to  the  expenses  of  the 
Act  in  urban  and  rural  districts  respectively.  Further,  if  Part  III.  of  the 
I'ublic  Health  Acts  Amendment  Act,  1890,  has  been  adopted  in  their 
listrict,  the  Sanitary  Authority  may,  under  section  26  (2)  of  that  Act,  make 
liye-laws  imposing  on  occupiers  duties  to  facilitate  the  removal  of  refuse, 
-luy  person  obstructing  removal  to  be  liable  to  a  penalty  not  exceeding  £5, 
?xcept  as  regards  refuse,  &c.,  Avliich  the  occupier  intends  to  employ  for  his 
iwn  use,  unless  he  meanwliile  suffer  it  to  become  a  nuisance.  If  the 
^Sanitary  Authority  neglect,  without  reasonable  excuse,  to  remove  any  refuse 
ivithin  seven  days  of  receiving  a  remonstrance  from  the  occupier,  they  shall 
iie  liable  to  pay  him  5s.  for  each  further  day's  neglect  (section  43,  Act  of 
1875).  An  urban  Sanitary  Authority  may,  by  section  45,  provide 
eceptacles  and  places  for  the  temporary  deposit  of  the  matter  collected. 

By  section  44,  Public  Health  Act,  1875,  the  Sanitary  Authority  has 
»ower  to  make  bye-laws  imposing  the  duty  of  cleansing  footways,  pave- 
iients,  ashpits,  privies,  cesspools,  and  removing  house  refuse  when  they  do 
)ot  themselves  contract  or  undertake  to  do  the  same,  and  may  make  bye- 
aws  for  the  prevention  of  nuisances  from  accumidations  of  snow,  filth,  ashes, 
tc,  and  from  the  keeping  of  animals.  The  following  is  a  summary  of  the 
Model  Bye-laws  suggested  by  the  Local  Government  Board  in  connection 
vith  the  terms  of  this  section. 

(a)  Private  Scavenging.— The  occupier  of  any  premises  must  cleanse  the  footways  and 
lavements  adjoining  his  premises  daily  except  Sunday.  He  must  remove  the  house- 
efuse  once  a  week,  and  excreta  at  intervals  not  exceeding  the  following  maximum 
imits  : — 

Must  be  cleansed  at  least 
l^arth-closets,  with  fixed  receptacle,     ....       once  in  three  months. 

.  )i  ij  movable  ....  once  a  week. 
Privies,  whether  the  receptacles  are  fixed  or  movable,  .  once  a  week. 
Ashpits,  whether  receiving  excreta  or  not,  .  .  .  once  a  week. 
Cesspools,  once  in  three  months. 

(6)  Clearing  away  Snow.  —The  occupier  of  any  premises  must  clear  away  snow  from 
he  footways  and  pavements  adjoining  his  premises  as  soon  as  possible  after  it  ceases  to 

clli. 

{c)  Eemoval  of  Hof use.— The  refuse  from  any  premises  shall  only  be  removed  in  a 
uitable  covered  receptacle  or  carriage,  and  if  removed  from  premises  within  20  yards 
f  any  dwelling,  place  of  business,  or  public  building,  only  between  7  a.m.  and  9  A.M. 
loin  November  to  February,  and  between  6  a.m.  and  8  a.m.  from  March  to  October. 
«.eluse  must  not  be  deposited  upon  any  road,  and  any  refuse  accidentally  falling  upon  a 
^^^must  be  immediately  gathered  up  and  the  place  cleansed. 

[d]  Deposit  of  Night-soil  and  other  Refuse.  —No  load  of  filth  must  be  deposited  for  more 
lau  twenty.four  hours  within  100  yards  of  any  street,  dwelling,  public  building  or 
Jace  of  business.  Night-soil  deposited  for  agricultural  purposes  upon  land  withiiriOO 
aids  01  a  street,  dwelling,  &c.,  and  not  deodorised,  must  at  once  be  dug  or  ploughed 
ito  the  ground.  o      i  e 

(e)  Keeping  of  Animals.— Qvime  must  not  bo  kept  within  100  feet  of  any  dwelling. 
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nor  cattle  where  they  may  pollute  water  likely  to  be  used  for  drinking,  domestic  or  dairy 
purposes,  or  for  manufacturing  drinks.  The  same  prohibitions  apply  to  storage  of 
dunt/.  Premises  wherein  are  kept  any  swine,  cattle,  horses,  &c.,  must  be  proviaett 
with  proper  receptacles  for  manure,  and  with  efficient  drainage  ;  the  receptacle  must  be 
water  tight,  covered,  and  entirely  above  the  level  of  the  ground,  and  it  must  be  cleansed 
at  least  once  a  week  ;  the  drain  must  be  properly  constructed  and  kept  in  order  at  all 
times,  so  as  to  convey  all  liquid  filth  to  a  sewer,  cesspool,  or  other  suitable  receptacle. 

If  the  Medical  Officer  of  Health  or  two  medical  practitioners  certify  that 
any  house  or  part  thereof  is  so  filthy  as  to  endanger  health,  or  that  the 
whitewashing  and  purifying  thereof  would  tend  to  prevent  uifectious  disease, 
the  Sanitary  Authority  may  require  the  owner  or  occupier  to  cleanse,  &c., 
and  in  his  default  may  themselves  do  what  is  necessary  (section  46,  Public 
Health  Act,  1875).  . 

Section  47  of  the  same  Act  prohibits  not  only  keeping  swme  m  dweUmg- 
houses  so  as  to  be  a  nuisance  within  an  urban  district,  but  also  suffering  stag- 
nant water  to  lie  in  cellars  or  dwellings  twenty-four  hours  after  written  notice 
from  the  Sanitary  Authority,  and  aUowing  contents  of  prmes  and  cesspools 
to  overflow  or  soak  out,  on  a  penalty  not  exceeding  40s.,  and  a  daily  penalty 
not  exceeding  5s.,  after  notice,  and  authorises  the  abatement  of  the  nuisance 
by  the  Sanitary  Authority  at  the  expense  of  the  occupier.  Moreover,  a 
Sanitary  Inspector  in  an  urban  district  may  give  notice  to  the  owner  ot  any 
offensive  accumulation  of  matter,  or  to  the  occupier  of  the  premises  whereon  it 
exists,  to  have  it  removed  within  twenty-four  hours,  failing  which  the  Sanitary 
Authority  may  remove  the  same  (section  49).  An  urban  Sanitary  Authority 
may  give  public  notice  requiring  the  periodical  removal  of  manure  troni 
mews?  and  other  public  premises,  and  enforce  the  same  under  penalty 

^'^""iTcase^i  where  Part  III.,  Public  Health  Act  Amendment  Act,  1890,  is  in. 
force,  by  section  27  of  the  same,  the  Sanitary  Authority  have  powers  for 
keeping  common  courts  and  passages  clean,  apportioning  the  expenses 
incurred  to  the  occupiers  of  the  adjacent  buildings.  Further,  by  section  48 
of  the  Public  Health  Act,  1875,  provision  is  made  for  obtaining  a  justices 
order  for  cleansing  offensive  ditches  or  water-courses  lying  near  to  or  forming 
the  boundaries  of  districts.  .  ,  , 

In  London.— The  provisions  for  cleansing  and  scavenging  undei  tne 
Public  Health  (London)  Act,  1891,  are  somewhat  more  stringent  than 
those  of  the  PubHc  Health  Act,  1875,  which  controls  the  mam  action 
of  Sanitary  Authorities  in  the  provinces.    By  f         ^9  and  30  ot  he 
London  Act,  the  local  authorities  must  cleanse  ^^^^ 
earth-closets,  and  privies.    They  must  remove  house  refuse  at  P^^F^  ^^^^ 
vals,  and  trade  refuse  also,  if  required  to_  do  so,  on  paj^nent^  itermined 
is  or  is  not  trade  refuse,  shall,  on  complaint  of  either  pa  ty,  determined 
bv  a  nettv  sessional  court,  such  decision  being  final  (section  3^  {^)}-  i^^e 
LXyWity,furtlw,  may  undertake  the  ^oUec^^^  ra^ 
other  refuse,  on  request;  or  may  by  order  require  periodical  remo^al  dj 

°"TecSf  16  ('I'of  the  same  Act  empowers  the  County  Council  to  i^ke 
bve  laws  ?a/f or  prescribing  the  times  for  removal  of  faecal  or  other  offensne 
^i:£:i^llXon,  a?d  for  providing  that  the  ves^l  or  --^^^^^^^^^ 
for  is  properly  constructed  so  as  to  prevent  any  nuisance,        (6)  as 
the  closing' and  filling  of  privies,  removal  « Vf-'^'tiri^al      it  by  ^ 
duties  of°the  occupier  in  relation  to  facihtatmg  tb«;«^°;f  ^ 
scavengers  of  the  Sanitary  Authority     ^"^'t^^^^' T^^^^^^ 
without  warrant  and  take  before  a  justice  any  P^^^o"  J^^^^^  tn«e  and 
offence  against  such  bye-laws,  and  wlio  refuses  to  give  his  true  nam 
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address.  Swine  must  not  be  kept  within  40  yards  of  a  street  or  public 
place,  nor  be  allowed  to  stray  in  any  public  place.  The  Court  may  prohibit 
the  keeping  of  any  animal  in  any  specified  place  shown  to  be  unfit  for  the 
purpose  (section  17). 

In  Scotland.— By  the  Public  Health  (Scotland)  Act,  1897,  there  is 
direct  provision,  either  by  bye-law  or  otherwise,  for  securing  the  scavenging 
or  cleansing  of  the  whole  or  part  of  a  landward  district.  The  Scottish 
Act  foUows  very  closely  the  hnes  of  the  English  Acts.  Under  sections  101 
to  123  all  sewers  are  vested  in  the  local  authority.  District  Committees 
can  by  resolution  form  special  scavenging  districts  (section  38).  Power  is 
also  given  for  the  scavenging  of  highways,  &c.,  within  special  districts ;  to 
purify  filthy  houses,  and  for  the  periodical  removal  of  manure  from  mews 
.  and  other  premises. 

Burgh  scavenging  and  cleansing  is  fully  regulated  by  the  Burgh  Police 
((Scotland)  Act,  1892,  sections  107,  127,  316,  which  vest  the  Burgh  Commis- 
seioners  with  powers  similar  to  those  in  force  in  England  and  Wales.  The 
(occupiers  are  required  to  sweep  and  wash  common  stairs,  and  the  owners 
tto  whitewash  and  paint  them  once  a  year  if  required  by  the  Sanitary 
]  Inspector. 

In  Ireland.— Section  52  of  the  Irish  Public  Health  Act  of  1878  is  the 
ssame  as  section  42  of  the  English  Act  of  1875,  and  contains  similar  provisions, 
lit  practically,  however,  only  applies  to  urban  Sanitary  Authorities,  as  there 
iis  no  section  in  the  Irish  Act  corresponding  to  section  276  of  the  English 
J  Act,  which  empowers  the  Local  Government  Board  to  invest  a  rural 
i  Sanitary  Authority  with  aU  or  any  of  the  powers  and  duties  of  an  urban 
a  authority. 

Under  section  54  of  the  Irish  Act  (corresponding  to  section  44  of  the 
lEnglish  Act)  power  is  given  to  the  Local  Government  Board  for  Ireland  to 
I  require  urban  Sanitary  Authorities  to  make  bye-laws  for  the  prevention  of 
I  nuisances  arising  from  snow,  dust,  ashes,  filth,  &c.,  and  by  section  55  the 
I  power  to  provide  receptacles  for  the  deposit  of  rubbish,  which  in  England  is 
{permissive  and  confined  to  urban  Sanitary  Authorities,  is  in  Ireland  compul- 
ssory  and  entrusted  also  to  a  rural  Sanitary  Authority.  The  same  extension 
<of  powers  to  rural  authorities  is  given  as  to  penalties  for  keeping  swine  in 
cdweUing-houses,  and  for  allowing  soakage  or  overflow  from  cesspools 
({section  57). 

Although  section  28  of  the  Towns  Police  Clauses  Act,  1847,  imposes  a 
ipenaly  of  40s.  for  keeping  a  pig-stye  in  front  of  any  street,  or  in  or  near  any 
s  street,  so  as  to  be  a  common  nuisance,  this  does  not  apply  generally  to 
I -urban  districts  in  Ireland,  as  this  enactment  is  not  incorporated  in  the 
IPubhc  Health  Act,  1878,  and  is  incorporated  in  only  a  few  of  the  local 
iActs  in  force  in  certain  urban  districts  of  Ireland. 

In  other  respects  the  provisions  as  to  cleansing  and  scavenging  are  similar 
i  in  both  the  Enghsh  Act  of  1875  and  the  Irish  Act  of  1878. 


WATER  SUPPLY. 

_  In  England  and  Wales.— Owing  to  the  privileges  which,  from  time  to 
Uime,  have  been  granted  to  companies  and  other  corporate  bodies.  Sanitary 
.Authorities  are  under  certain  restrictions  as  to  their  supplying  water. 
'  Where  a  water  company  has  Parliamentary  powers  to  supply  water  over 
» any  given  area,  the  Sanitary  Authority  must  give  notice  to  the  company 
astatmg  the  purposes  for  which  and  extent  to  which  it  requires  Avater  • 
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and  if  the  company  are  able  and  willmg  to  supply  sufficient  and  proper 
water  for  the  purposes  of  the  local  authority,  this  latter  body  may  not 
construct  any  water-works  within  that  area  (Public  Health  Act,  1875, 
section  52).  Moreover,  section  332  of  the  Act  provides  that  where  the 
supply  of  water  must  be  taken  from  a  running  streani,  the  Sanitary 
Authority,  before  abstracting  water  from  such  stream,  river,  or  source, 
must  obtain  the  consent  in  writing  of  any  person  or  persons  who  have 
prior  claims  upon  those  streams.  _ 

When  not  hampered  by  either  of  the  foregoing  restrictions,  any  Sanitary  , 
Authority  may  construct  works  for  supplying  any  part  of  their  district  I 
with  water,  or  may  take  on  lease,  or  hire,  or  purchase  works  (with  the 
sanction  of  the  Local  Government  Board),  or  contract  for  the  supply 
(section  5 1 ).  When  a  Sanitary  Authority  supply  water  within  their  district, 
they  have  the  same  powers  and  are  under  the  same  restrictions  for  carrying 
their  mains  within  and  without  their  district  as  they  have  and  are  subject 
to  in  respect  of  their  sewers  (section  54).  The  water  supphed  must  be  pure 
and  wholesome,  and  under  sufficient  pressure  as  wiU  carry  the  same  to  the 
top  storey  of  the  highest  dwelling-house  in  the  district  supphed.  There  is, 
however,  no  obHgation  to  provide  a  constant  supply  under  pressure  (section 
55)  The  Sanitary  Authority  have  power  to  charge  water-rates  and  rents 
in  respect  of  premises  to  which  they  supply  water,  while  aU  pubhc  cisterns, 
pumps,  wells,  &c.,  used  for  the  gratuitous  supply  of  water  to  the  inhabitants 
of  a  district,  vest  in  and  are  under  the  control  of  such  authority  (sections 

56  and  64).  .    ,  -x 

The  same  Act,  section  62,  gives  any  Sanitary  Authority  power  to  requue 
houses  which  are  without  a  proper  water-supply  to  be  so  supplied,  if  it  can 
be  furnished  at  a  cost  not  exceeding  the  water-rate  authorised  by  anj^local 
Act,  or  twopence  a  week,  or  such  other  cost  as  the  Local  Government  Board 
may,  upon  appHcation,  determine  to  be  reasonable.  Li  order  to  guard  agamst. 
the  pollution  of  sources  of  water-supply,  the  Sanitary  Authority  have,  power 
to  proceed  against  offenders  (sections  68,  69).  If  the  water  of  any  well  oi- 
cistern  is  deemed  to  be  injurious  to  health,  a  justice's  order  may  be  obtained 
for  its  being  permanently  or  temporarily  closed,  or  the  water  to  be  used  for 
certain  purposes  only,  and  for  the  payment  of  any  necessary  analysis  of  the 
sample  at  the  cost  of  the  Sanitary  Authority  (section  i  0). 

The  general  provisions  of  the  Pubhc  Health  Act,  187o,  m  respect  of 
water-supplv  may  be  briefly  summarised  by  saying  that  it  is  the  duty  ot 

he  Sanfta  y  Authority  to  provide  their  district  with  water,  wWe  danger 
exists  to  the  health  of  the  inhabitants  from  either  the  unwholesomenes  o 

he  ^sufficiency  of  the  existing  supply,  and  a  P^-' ^P^^  .^^^f 
reasonable  cost.  If  the  Sanitary  Authority  neglect  to  do  this  duty,  the 
same  proceedings  can  be  taken  to  make  them  perform  it,  under  section  299. 
S^he  Act  of  1875,  or,  if  they  are  a  rural  Sanitary  Authority,  under  the 
f 0  al  it^nmenVAct,  1894^  sections  l^  . 19,.  just  as^an  be  t^^^^^^ 
in  the  case  of  their  failing  to  supply  the  district  with  sewers.  But  ca^es 
arise  w^^^^^^^  it  isTmpossible  for  the  Sanitary  Authority  to  supply  water  at  a 

3).    if  neither  the  Sanitary  Authority  nor  the  owner  can  l^o   d^^  ^  atex  at 

aTt?tice'«  order  piohibiting  its  being  so  used  for  human  habltaUon  (seet.oa 
SS^to-eUM™^^^^  of  this  kind,  especially  in  rural  districts 
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that  the  Public  Health  (Water)  Act,  1 87 8,  was  designed.  It  applies  to  every 
rural  Sanitary  Authority,  and  also  to  such  urban  Sanitary  Authorities  as  the 
Local  Government  Board  may  order  (section  11).  Under  section  3  of  this 
Act,  it  is  the  duty  of  the  local  authority  to  provide  or  require  the  prbvision 
of  sufficient  Avater-supply  to  every  occupied  dwelling-house  within  their 
district.  From  time  to  time  they  may  take  steps,  by  means  of  systematic 
inspections  on  the  part  of  their  officers,  to  see  that  these  conditions  are 
fulfilled.  The  same  powers  of  entry  upon  premises  are  given  as  are  conferred 
by  sections  102  and  103  of  the  PubKc  Health  Act,  1875,  in  respect  of 
nuisances  (section  7) ;  and  if  the  Medical  Officer  of  Health  reports  that  an 
occupied  house  is  without  a  proper  water-supply,  and  the  Sanitary  Authority 
are  of  opinion  that  such  a  supply  can  be  provided  at  a  reasonable  cost  (the 
interest  on  which,  at  5  per  cent.,  shall  not  exceed  twopence  a  week,  or  as  the 
Local  Government  Board  may,  on  the  application  of  the  Sanitary  Authority, 
decide  to  be  reasonable  in  the  circumstances),  the  Sanitary  Authority  may 
require  the  owner,  subject  to  appeal  to  the  Local  Government  Board,  to 
provide  such  supply  within  a  specified  time,  and,  in  case  of  default,  may 
themselves  carry  out  the  necessary  works  at  his  expense.  The  authority 
may,  on  cause  being  shown  why  the  requirements  of  the  notice  served  by 
them  should  not  be  complied  with,  withdraw  the  notice  or  modify  the 
terms  thereof.  Nothing,  however,  in  this  Act  must  be  deemed  to  relieve 
the  Sanitary  Authority  from  the  duty  imposed  upon  them  by  the  Public 
Health  Act,  1875,  of  providing  their  district  or  any  contributory  jDart  of 
it  with  a  supply  of  water,  where  danger  arises  to  the  health  of  the  inhabi- 
tants from  the  insufficiency  or  unwholesomeness  of  the  existing  supply, 
and  a  general  scheme  of  supply  is  required,  and  can  be  got  at  a  reasonable 
cost  (sections  3  and  4). 

In  order  to  prevent  houses  being  built  in  situations  where  they  cannot  be 
provided  with  water,  the  Water  Act,  1878,  has  prohibited  (section  6)  the 
o^v^ler  of  any  dwelling  in  a  rural  district  that  may  be  erected  or  rebuilt 
from  the  ground  floor  after  July  4,  1878,  from  permitting  such  house  to  be 
occupied  without  a  certificate  from  the  Sanitary  Authority  that  it  is  provided 
with  a  sufficient  and  available  supply  of  wholesome  water ;  such  certificate 
to  be  based  upon  the  report  of  the  Medical  Officer  of  Health  or  Sanitary 
Inspector.  Section  9  of  the  same  Act  provides  that,  if  the  Sanitary 
Authority  fui-nish  a  stand-pipe  for  water-supply,  they  may  make  water- 
charges  upon  every  dwelling  within  200  feet,  just  as  if  the  supply  were 
actually  given  on  the  premises ;  but  they  may  not  make  this  levy  upon 
houses  which  have  a  good  supply  within  reasonable  distance  from  another 
source,  unless  the  water  from  the  stand-pipe  is  used  by  the  inmates. 

The  Local  Government  Act,  1894,  section  8  (1)  (e)  empowers  a  Parish 
Council  to  utihse  any  well,  spring,  or  stream  within  the  parish,  and  to 
provide  facihties  for  obtaining  Avater  therefrom,  consistent  with  the  just 
rights  of  any  person  or  corporation ;  but  these  powers  do  not  in  any  Avay 
derogate  from  the  obligations  of  a  rural  Sanitary  Authority  in  respect  of 
supplying  Avater. 

Under  the  Rivers  Pollution  Prevention  Act,  1876,  proceedings  may  be 
mstituted,  in  respect  of  pollution  of  streams  by  sewage  or  solid  matters,  by 
any  private  person  or  aggrieved  local  authority  (section  8) ;  but  in  respect  of 
manufacturing  or  mining  effluents.  Sanitary  Authorities  only  can  take  action, 
and  subject  to  the  approval  of  the  Local  Government  Board.  The  Board) 
in  giving  or  withholding  consent,  must  have  regard  to  the  industrial  interests 
involved,  and  the  circumstances  and  requirements  of  the  locality.  They 
shall  not  give  their  consent  to  proceedings  by  a  Sanitary  Authority  of  a 
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district  which  is  the  seat  of  any  manufacturing  industry,  unless  they  are 
satisfied,  after  due  inquiry,  that  means  for  rendering  harmless  the  effluents 
from  such  manufacturing  processes  are  reasonably  practical  and  available, 
and  that  no  material  injury  to  the  interests  of  such  industry  will  be  caused 
by  the  proceedings  (section  6).  ,  .  ,  ,  . 

*  It  is  owing  to  the  extensive  safeguards  which  it  contains  that  this 
Act  is  so  largely  inoperative.  But  it  cannot  be  too  clearly  understood 
that  by  its  provisions,  the  discharge  of  solid  or  liquid  sewage,  or  of  any 
solid  matter,  into  streams,  is  illegal.  Neither  may  the  waste  water  of 
houses  which  have  no  water-closets,  be  discharged  without  treatment 
into  streams.  The  discharge  of  sewage-farm  effluents  into  rivers  is  a 
special  question,  and  permissible,  provided  the  effluent  is  of  a  certain 
purity,  and  not  likely  to  either  create  a  nuisance  or  pollute  any  stream 

or  water-course.  ,     ^    .  ,  .  , 

In  London,  the  water-supply  is  in  the  hands  of  eight  companies,  whose 
powers  and  rights  are  regulated  by  their  local  Acts  and  by  the  Metropolis 
Water  Acts  of  1852  and  1871.  These  companies  control  the  water-supply 
not  only  in  London,  but  also  over  a  large  extra-metropoHtan  area.  Practi- 
caUy  the  water  companies  in  the  metropolis  have  the  same  position  as  they 
have  in  the  provinces,  and  so  far  as  this  question  is  concerned,  neither  the 
County  Council  nor  any  other  local  authority  in  London  has  any  direct 
power  The  controUing  authority,  as  affecting  the  pubhc  health,  over  the 
water 'companies  is  the  Local  Government  Board,  who  have  the  water 
supplied  examined  periodically,  approve  or  disapprove  of  new  sources  of 
supply  of  various  regulations  made  by  the  companies  for  preventing  waste, 
misuse  or  contamination,  and  Avho  also  inquire  into  complaints  made  to  them 
as  to  the  quality  or  quantity  of  the  water  supphed  by  any  company  for 

*^*''The*'Metropolis  Water  Act,  1871,  section  19,  gives  the  County  CouncU 
power  to  ask  for  the  repeal  or  alteration  of  any  of  the  regulations  for  the 
above  purposes,  and,  if  the  companies  refuse  to  do  so,  to  appeal  to  the  Local 
Government  Board,  who,  on  inquiry  and  report  of  some  impartial  engineer 
or  person  of  engineering  knowledge,  may  make  such  repeal  or  alterations  as 
thev  think  fit.  Sections  8  and  9  of  the  same  Act  have  similar  provisions  as 
to  the  County  Council  asking  for  a  constant  supply  in  any  given  district. 
No  company  can,  however,  be  compelled  to  give  a  constant  supply  to  any 
Premises  in  any  district  until  its  regulations,  as  approved  by  the  Local 
Government  Board,  are  in  operation  in  the  district,  nor  if  the  company  can 
show  that  at  any  time  after  two  months  from  the  date  of  the  service  of  any 
requis  tion  for  a^constant  supply,  more  than  one-fifth  of  the  premises  m  the 
dXct  are  not  supplied  with  the  prescribed  fittings  The  County  Council 
have  power  to  supply  the  prescribed  fittings  on  default  of  owner  or  occupier. 
The  Locll  Goveri^ent  Board  have  power  to  order  a  cons  ant  supply  with- 
out application  from  the  County  Council,  where  they  think  that,  by  reason 
of  the  ^sufficiency  of  the  existing  supply  m  the  district,  or  the  unwlio  e- 
cLp^Pc.of  such  water  in  consequence  of  its  being  improperly  stored,  the 
St^of  tL  i?hlftants  is,  or  is  likely  to  be,  prejudiciaUy  affected  (section 

^^^The  London  County  Council  (General  Powers)  Act,  1890,  section  38 
civet  the  County  Council  authority  to  conduct  inquiries  and  negotiations  as 
fnitt  supply  in  or  near  London,  and  to  pay  out  of  the  county  fund  the 
rn<,ts  and  expenses  of  such  inquiries,  not  exceeding  i.500U. 

^o  far  as  relates  to  the  power  of  Vestries  and  District  Boards  m  connection 
.vith  the  wT^:^W       Public  Health  (London)  Act,  1891,  indicates  the 
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absence  of  a  proper  water  supply,  or  of  proper  fittings  in  a  house,  to  render 
such  house  unfit  for  habitation.  A  new  house  must  not  be  occupied  until 
the  Sanitary  Authority  grant  a  certificate  that  it  has  a  proper  water-supply 
(section  48).  A  water  company  cutting  off  the  supply  of  water  to  any 
house  must  give  immediate  notice  to  the  Sanitary  Authority  (section  49). 
For  the  closure  of  polluted  wells,  &c.,  the  Sanitary  Authority  have  only  to- 
satisfy  the  justice  that  the  water  is  "so  polluted,  or  likely  to  be  so  polluted, 
as  to  be  injurious  or  dangerous  to  health  "  (section  54).  It  must  be  noted 
that  this  section  gives  a  Sanitary  Authority  somewhat  greater  powers  than 
section  70  of  the  Pubhc  Health  Act,  1875,  inasmuch  as  it  says  not  only 
when  the  water  is  so  polluted  as  to  be  injurious  to  health,  but  when  it  is  so- 
polluted,  or  likely  to  he  so  polluted,  as  to  be  injurious  or  dangerous  to  health. 
Moreover,  it  gives  the  Court  no  power  to  allow  the  water  to  be  used  for 
certain  purposes  only,  and  imposes  a  fine  not  exceeding  £20  for  disobedience 
to  any  order  under  the  section. 

Every  Sanitary  Authority  under  the  Act  must  make  bye-laws  for  cleans- 
ing and  guarding  from  poUution  tanks,  cisterns,  and  other  receptacles  for 
storing  water,  hkely  to  be  used  for  drinking  or  domestic  purposes  (section 
oO).  The  Model  Bye-laws  framed  by  the  Local  Government  Board  in 
connection  with  this  section  demand :  (1)  the  emptying  and  cleansincr  of 
cisterns  and  tanks  once  at  least  in  every  six  months,  and  at  such  other  tunes 
as  may  be  necessary  to  keep  them  clean;  (2)  every  such  tank,  cistern  or 
receptacle  to  be  provided  with  a  proper  cover,  and  to  be  kept  at  aU  times 
properly  covered.  In  cases  where  two  or  more  tenants  of  a  premises  are 
entitled  to  the  common  use  of  any  tank,  cistern,  or  receptacle  to  which  this 
bye-law  applies,  the  foregoing  requirements  apply  to  the  owner  instead  of 
to  the  occupier  of  the  premises. 

In  Scotland,  the  difficidty  which  exists  in  England  in  acquiring  a 
compulsory  water-supply  by  means  of  a  provisional  order  is  not  felt 
because  the  Pubhc  Health  (Scotland)  Amendment  Acts,  1882  and  189l' 
apply  certain  compulsory  clauses  of  the  Lands  Clauses  Acts  not  only  to  the 
construction  of  sewers,  but  also  to  the  provision  of  a  water-supply  in 
landward  or  rural  districts.    So  soon  as  a  local  authority  considers  a  publio 
supply  expedient,  on  representing  the  facts  to  the  Secretary  for  Scotland 
lie  IS  empowered  to  issue  provisional  orders  (subject  to  Parhamentary 
confirmation)  to  bring  those  clauses  into  action  for  the  purposes  mentioned 
i    cost  of  the  water-supply  either  faUs,  in  the  form  of  a  water-rate,  upon 
the  whole  district,  or  upon  any  special  district  according  to  the  circum- 
stances.   Special  districts  may  be  combmed,  their  area  may  be  altered  and 
m  some  cases  the  special  water-rate  may  be  supplemented  by  a  general  rate 
over  the  whole  district. 

Burghal  water-supplies  may  be  obtained  either  under  the  Public  Health 
(Scotland)  Act,  1897,  or  under  the  Burgh  Police  (Scotland)  Act,  1892 
It  a  water  company  exists,  the  local  authority  may  contract  with  it  or 
I'urchase  it,  but  may  not  enter  into  competition  with  it.  In  larger  towns 
"  vith  a  population  over  10,000,  or  having  a  local  PoHce  Act,  the  local  authority 
may  provide  a  water-supply  either  by  contract  with  a  water  companv  or 
where  there  IS  no  company,  directly.  ' 

Under  the  Burgh  Police  Act,  1892,  which  does  not  for  these  purposes 
ipply  to  burghs  supplied  with  water  before  1895  under  local  Acts  the 
I'urgh  Commissioners  of  towns  having  a  population  below  5000  may  apply 
t  le  compulsory  clauses  of  the  Lands  Clauses  Acts  with  the  consent  of  the 
'heriff  only,  and  without  a  provisional  order. 

Under  section  126,  Pubhc  Health  (Scotland)  Act,  1897,  the  Local 
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AuthoritY  mav,  if  they  think  fit  or  consider  it  expedient  to  do  so,  arrange  for 
a  suS^^  to  districts  other  than  burghs,  and  for  t  ns  purpose  shall 

be  iSd  to  have  all  the  powers  and  rights  conferred  by  the  Lands  Clauses 
Acts  The  Authority  may  also  supply  water  for  baths  and  wash-houses, 
but  when  water  is  taken  for  these,  it  may  provide  the  supply  gratuitously 

The  Public  Health  (Scotland)  Act,  1897  (section  125),  gives  power  to 
the  Local  Authority  to  require  water  to  be  supphed  to  houses  within  its 
district  and  after  giving  twelve  months'  notice  to  the  owner,  m  de  ault 
Sfy  themselves  obtain  such  supply,  and  for  that  purpose  may  use  their 
powers  for  acquiring  land  by  agreement  or  otherwise  :  Provided  tha 
nXng  shall  relieve  the  Local  Authority  from  the  duty  of  providing  its 
SS  or  any  part  thereof,  with  a  supply  of  water  when  a  general  scheme 
for  such  supply  is  required,  and  can  be  carried  out  at  a  reasonable  cost. 

In  lSnd.-The  Public  Health  (Ireland)  Act,  1878,  enables  all 
Sanitary  Authorities  to  require  all  houses  to  be.  supplied  with  water,  at  such 
.cost  as  the  Local  Government  Board  may  determine  under  all  the  circum- 
:  ances  to  be  reasonable,"  there  being  no  limit  of  cost  P-scribed  as^  m 
■Fndand  (section  72).  If  the  owner,  when  required  by  the  Sanitary 
lufhTrlty,  do^  not  execute  the  necessary  works,  the  Sanitary  Authon  y 
^^do  them,  and  recover  the  cost  summarily,  or,  if  it  be  an  urban  Samtary 
Authority  Se  cost  may  be  declared  to  be  private  improvement  expenses 
Thf  Sic  Health  (Water)  Act,  1878,  not  being  m  force  m  Ireland,  the 
provisions  therein  offered  cannot  be  appUed.  r  -u  A„fo  th«i- 

^    Another  important  difference  between  the  Insh  and  Enghsh  Acts  is  tha 
T3V  stction  61  of  the  Irish  Act,  a  Sanitary  Authority  can  acquire  the  right 
to  abstract  water  from  a  running  stream  or  other  source  otherwise  than  by 
lleem^^^^^^^  section  202  every  Sanitary  Authority  is  endowed  with 

Spulsory  powers  to  acquire  water  rights  for  drinking  and  domestic 
■?ZDois  there  is  a  saving  clause  for  the  existing  water  companies  (section 
62TorrespoX^^  section  52  of  the  English  Act),  but  it  has  not.  stood 
fn^r3  of  amicable  arrangements  being  made  between  the  Sanitary 
A^thoritiel  and  the  water  companies,  as  to  the  acquirement  by  the  former 
Authorities  ana  me  w  i     ^  ^    water-rates  in  Ireland  is 

:J^i::t:laS^^^^^^^^^  the  levymg  of  such  -tes  js^ef  i.dy 

oSnal  with  the  Sanitary  Authority,  and  who,  moreover,  cannot  lev) 
themTn  iSpect  of  either  pubUc  stand-pipes  or  street-fountams  (section  66). 


NUISANCES. 


o  Ipanl  sense  nuisances  are  of  two  chief  kinds,  namely,  (1)  nuisances 
at  ctmoTla^Tc^r— ^  ^^^^^  ^'^'''^ 

■^^\'t  ::^:i:f^^e  may  be  public,  private  or  both.  Aj^c 
•   !rr?bus  defined  by  Stephen  in  his  Digest  of  Cnmmal  Lazv  (ait. 
mT"  ''  Ai  a  t  nt^^  -  -  omission  to  discharge  a 

1  ""^^^fv  Xch  act  or  omission  obstructs,  or  causes  inconvenience  or 
legal  d^ty  which  act  oi  Majesty  s 

""T^tlV''  V':^^^^  -^^^^  the  poUution 

I  P  .'ir  bv  smok^or  by  noxious  fumes  from  a  factory,  obstruction  of  a 
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private  nuisances  one  may  mention  special  annoyance  from  steam-hammers 
or  engines  making  a  noise,  and  the  special  annoyance  from  smoke.  A 
mixed  nuisance  is  obviously  a  nuisance  which  belongs  to  both  of  the  above 
mentioned  varieties. 

-  Statutory  nuisances  under  the  Public  Health  and  Sanitary  Acts  alone 
concern  the  officers  of  Sanitary  Authorities.  As  relating  to  the  Public 
Health,  these  statutory  nuisances  have  been  well  defined  by  Wynter-Blyth 
as  being  "something  which  either  actually  injures,  or  is  likely  to  injure, 
health,  and  admits  of  a  remedy,  either  by  the  individual  whose  act  or 
omission  causes  the  nuisance,  or  by  the  local  authority."  It  is  important 
to  bear  m  mind  that  in  the  Public  Health  Act  sense,  as  now  understood  and 
interpreted,  the  idea  of  a  nuisance  embraces  future  as  well  as  present 
consequences.  The  Public  Health  Law,  in  respect  of  nuisances,  may  be 
summarised,  for  the  various  parts  of  the  United  Kingdom,  in  the  following 
manner.  ° 

In  England  and  Wales.— The  provisions  of  the  Public  Health  Act, 
1675,  sections  91  to  111,  apply  to  every  urban  and  rural  sanitary  district, 
and  are  "deemed  to  be  in  addition  to,  and  not  to  abridge  any  right  remedy 
or  proceeding  under  any  other  provisions  of  the  Act,  or  under  any  other 
Act,  or  at  law  or  in  equity."  But  no  person  may  be  punished  for  the  same 
ottenee  both  under  these  provisions  and  under  any  other  law  or  enactment 
Under  this  Act  of  1875  "nuisance"  is  regarded  as  likely  to  arise  in  con- 
nection with:  (a)  Sewers,  sections  IS  and  19;  (b)  Sewage,  section  27- 
Ai  of  drains,  closets,  ashpits,  and  cesspools,  sections  40  and 

41;  (ci)  In  connection  with  snow,  filth,  dust,  ashes,  and  rubbish,  section 
44 ;  {e)  bwine,  pig-styes,  and  stagnant  water  in  cellars,  or  the  overflowing  of 
privies  and  cesspools,  section  47;  (f)  Offensive  trades,  sections  112  113 
and  114.  '  ' 

'  *  ^^^^^  remedies  are  given  by  other  ■  provisions 
of  the  Act,  more  particularly  by  sections  41,  49,  and  50.  It  will  rest  with 
the  bamtary  Authority  to  determine  under  which  provisions  they  will  pro- 
ceed, having  regard  to  the  circumstances.  The  main  section  dealing  with 
nuisances  is,  however,  section  91,  which  defines  the  foUowing  to  be  nuisances 
Vo  be  dealt  with  summarily  under  the  Act :  

;  (1)  Any  premises,  including  buildings  and  lands,  in  such  a  state  as  to  be  a  nuisance  or 
injurious  to  health  (2)  Any  pool,  ditch,  gutter,  v^ater-course,  privyrur  nal  TesS^ 
dram,  or  ashpit  so  foul,  or  in  such  a  state  as  to  be  a  nuisance  o  injurious  to  healtir  % 
Any  animal  so  kept  as  to  be  a  nuisance  or  injurious  to  health.  (4)  Anraccumu  ation  oi 
deposit  which  is  a  nuisance  or  injurious  to  health.  (5)  Any  house  t^l^t  outZ^f  Z 
TrnW:':?  'r°r    -  injurious  to  the  hLlth  o^  theTmatS  Whether  ^n^ 

members  of  the  same  family.  (6)  Any  factory,  workshop,  or  workplace  not  kent  in  « 
cleanly  state,  or  not  ventilated  in  such  a  manner  as  to  render  harmleK  far  afpiachUble 
oTthS  rr'''  °'         ^-"^P""*^^^  S'""''''"^  i°  the  course  of  the  wffi  S 

or  ininZ;«  ?^  H    if  'ufTr''  *°  '^'^Itl^'     «°  overcrowded  as  to  be  d^Jl^ns 

does  not  a,  V  •   1,1^°''  ^^^V^oyed  therein.    (7)  Any  fireplace  or  furnace  wS 

therein  'and  vhi.h  TlT  f  '  '"T"^'  the  smoke  arising  from  the  combustible  u  ed 
trade  nmnpi  S.l        ^1  °'  T-"^'""  by  steam,  or  in  any  manufacturing  or 

hon<f«f =!,  r  r  riV  ^""^  ^"7  chnnney  (not  being  the  chimney  of  a  private  dvve  in- 
house)  sending  forth  black  smoke  in  such  quantity  as  to  be  a  nuisance.  ^^elling- 

In  defining  these  nuisances,  the  same  section,  however,  provides  that 
there  is  no  penalty  if  the  accumulation .  or  deposit  mentioned   n   4)  i 

havTbp^Pn  f«V  T  manufacture,  and  if  the  best  available  means 

nave  been  taken  for  preventing  injury  to  the  public  health.    The  provisions 

workshops,  except  such  as  are  subject  to  the  special  provisio^as,  ^elating  to 
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1     T  fiiof^nr,   nr  nvprcrowdin'^,  of  the  Factories  and  Workshop 

cleanliness,  ventilation,  oi  oveiciowuiuo>  "  r'^-.^^f  ant^sfiprl  that 
Acts    In  resnect  of  (7),  there  is  no  penalty  if  the  Court  is  satistied  tnac 

fhe  fireiace  0??^^^^^^^^  f 
as  pScXle  hav'l  regard  to  the  nature  of  the  manufacture  or  trade,  all 
loke  arlSi^t'  that  such  fireplace  or  furnace  has  been  care- 

fully attended  to  by  the  person  in  charge  thereof.    Under  the  smoke  sections, 
i.  not  nec^^^^  taking  action  to  prove  anything  with  regard  to  health, 

t  L^n/suSnt  ?o  prove  that  on  'such  and  such  a  day  and  hour  he 
iimney  emSt  d  Lc^lmoke.    Urban  Sanitary  Authorit  es  have  sc^e  othe 
porersS  regard  to  smoke  under  section  171  of  this  Act,  and  under  the 
Mway  Regulation  Act,  1868,  and  the  Highways  and  Locomotives  Act 

^Fo? interpreting  the  term  "overcrowded"  in  subsection  5  of  section  91 
Public  Health  Act,  1875,  a  sanitary  officer  usually  takes  as  h  s  g^^de  the 
S^um  stndards  laid  down  by  thl  Local  Government  Board  in  heir  bye. 
Sws,  namely,  400  cubic  feet  for  rooms  m  which  persons  ^"^^^  ^ff,  ^^^^^^^^ 
and  300  cubic  feet  for  rooms  solely  used  for  the  waking  life  ofthe  tenan^  . 
In  the  event  of  a  second  conviction  for  overcrowding  w^thm  three  months 
iSe  Court  may  order  the  closing  of  the  premises  i^^^'^  .l^^^'^^^^^^^^ 
point  to  be  noted  in  connection  with  this  ^  A^^^^^^^^^  To 

?an,  shed,  or  similar  structure"  may  be  included  withm  it  by  section 
the  Housing  of  the  Working  Classes  Act  1885 

snected  for  the  detection  of  nuisances  and  to  enforce  the  P^^^^^^^^  °J  , 
FuSfc  Hea^^^^  Act,  1875,  in  order  to  abate  ^^^J^^v^Tor  b^^y  ^ 
authority  may  be  put  in  motion  by  any  P™  ^S^^^fJ^f 
inhabitant  householders  of  such  district,  or  ^y^^^-^^^^^^ 
Authority,  or  by  the  relieving  officer,  or  ^y/g^^  ^^^^^^^^^^^  required 
If  satisfied  of  the  existence  of  a  7^^^^^^^' ^^"^^^^^^^^^^^  L  cannot  be  ^ 

by  the  Act  to  serve  a  notice  on  the  person  responsible,  ^^  '^  ■ 
found,  on  the  owner  or  occupier  of  the  premises  on  ^^^^^  f  ^^^n  the  notice 
requiring  him  to  abate  the  same  withm  a  t,^e  to  ^^Pf^fif^i  necessary. 

and  to  execute  such  works  ^^^^^  ^^Pf  i^^^or  de^^^^^^^^  construction  of  any 
Where  the  nuisance  arises  TJom  the  Avant  ^etectiv^^^  the  notice  must  be 
structural  convenience,  or  where  there  is  f  ^^^XancrclSnot  be  fou^ 
served  on  the  owner.  If  the  person  ^^^.^^fS  *^V?nor™cr^^^  Sanitary 
and  the  owner  or  occupier  be  not  responsible  (section 
Authority  may  tl-xnselves  aba^^^^^^^^^  ZfTtl^e  fl^nce,  aithough 

94).    On  non-comphance  with  the  notice,  or  i 

abated,  is  likely  to  recur,  the  Samtary  Autho  'i^^^^^^^^  ^^^^^^  ^ 

who  must  thereupon  su^amon  the  person  resix)n  ible  ^o  H 
Court  of  summary  j^^^sdiction  (section  95  to  recur  on 

the  alleged  nuisance  exists,  or  that,  although  abated,  t  is  i  ^  ^^^^ 
the  same  premises,  it  must  make  an  order  reqiurm^  him  to jomi  ^  ^^^^ 
notice,  or  prohibiting  the  ^^^^'^^'^^fc^^^^ 

execution  of  any  necessary  works.  ^l^l,^  i,  such  as  to  render 

not  exceeding  £5  i^^^^'l^^J^Zr^^^^^ 

the  house  unfit  for  habitation,  the  Couit  may  orae  ^  ^^^use  has  been 
and  may  cancel  this  by  a  f-f  rpetx^t^^^^  the  order  of 

made  tit  for  habitation  (section  97).  ^^^f/lX  Jo  a  penalty  not  exceeding 
the  Court,  or  failing  to  use  dihgence,  is  hable  to  a  pen  y 
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10s.  per  day  during  Ms  default ;  and  the  Sanitary  Authority  may  carry  out 
the  order  and  charge  him  with  the  expenses  (section  98).  Where  the 
person  responsible  for  the  nuisance  cannot  be  found,  the  order  of  the  Court 
may  be  carried  out  by  the  Sanitary  Authority ;  and  any  matter  or  thing 
removed  by  the  authority  in  abating  any  nuisance  may  be  sold  (sections 
100,  101).  Where  any  nuisance  under  the  Act  is  caused  by  the  acts  or 
defaults  of  two  or  more  persons,  the  Sanitary  Authority  may  institute  pro- 
ceedings against  any  one  or  more  of  such  persons  (section  255).  Where  a 
nuisance  within  a  district  is  caused  by  some  act  or  default  beyond  its  limits, 
the  Sanitary  Authority  may  institute  proceedings,  provided  that  these  be 
taken  before  a  Court  having  jurisdiction  in  the  district  where  the  act  or 
default  is  alleged  to  be  committed  or  take  place  (section  108). 

For  the  purpose  of  the  provisions  of  this  Act  of  1875  relating  not  only 
to  nuisances  but  also  to  infectious  diseases  and  hospitals,  any  ship  or  vessel 
lying  in  any  water  within  the  district  of  a  Sanitary  Authority  is  subject  to 
their  jurisdiction,  as  if  it  were  a  house.  If  in  any  other  water,  it  is  deemed 
to  be  within  such  district  as  the  Local  Government  Board  may  prescribe, 
and  in  the  absence  of  any  such  prescription,  then  within  the  nearest  sanitary 
district  (section  110).  The  master  or  other  officer  in  charge  of  any  such 
ship  will  be  deemed  to  be  the  occupier ;  but  these  provisions  do  not  apply  to 
any  of  Her  Majesty's  ships,  or  to  those  of  any  foreign  government. 

The  Sanitary  Authority  and  their  officers  have  rights  of  entry  between 
9  A.M.  and  6  p.m.  upon  private  premises,  and,  in  the  case  of  a  nuisance 
arising  in  respect  of  any  business,  at  any  hour  when  such  business  is  in 
progress.  If  admission  is  refused,  a  justice's  order  may  be  obtained  (sections 
102,  103).  ^ 

Where  Sanitary  Authorities  fail  to  take  proceedings  for  abatement  of 
nuisances,  individuals  may  obtain  a  remedy  in  one  of  three  ways,  either  (1) 
by  complaining  to  the  Local  Government  Board,  who  may  issue  an  order, 
enforceable  by  mandamus  in  a  High  Court  of  Justice  (section  299) ;  or  (2) 
on  it  being  proved  to  the  satisfaction  of  the  Local  Government  Board  that 
a  Sanitary  Authority  have  made  default  in  relation  to  nuisances  under  the 
Public  Health  Act,  1875,  that  Board  may  authorise  any  police  officer,  acting 
within  the  district  of  the  defaulting  authority,  to  institute  proceedings  which 
the  defaulting  authority  might  institute  with  regard  to  such  nuisance 
(section  106);  or  (3)  an  individual  may  complain  direct  to  a  justice  as  to 
the  existence  of  a  nuisance,  and  the  Court  may  make  orders,  penalties  for 
disobedience  of  orders,  &c.,  as  in  the  case  of  a  complaint  relating  to  a 
nuisance  made  to  a  justice  by  a  Sanitary  Authority  (section  105).  This 
latter  mode  of  procedure  is  obviously  the  most  expeditious  for  any  individual 
to  take  where  he  feels  aggrieved  by  the  neglect  of  a  Sanitary  Authority  to 
take  proceedings,  and  where  the  existence  of  a  nuisance  within  the  meaning 
of  the  Act  is  clear. 

In  London.— The  powers  and  duties  of  the  Borough  Councils  in  the 
capacity  of  Sanitary  Authorities  in  London,  with  respect  to  nuisances 
under  the  Public  Health  Act  (London),  1891,  in  the  main  correspond  with 
those  relating  to  nuisances  under  the  Public  Health  Act,  1875,  as  explained 
under  England  and  Wales.  But  they  embody  several  amendments  and 
extensions  of  the  law  which  have  materially  strengthened  the  hands  of  the 
banitary  Authorities  in  London  in  dealing  with  nuisances.  Section  2  of  the 
London  Act  extends  the  definition  of  "nuisance,"  making  it  include  not 
only  that  which  is  injurious  to  health,  but  also  that  which  is  dangerous  to 
Health.  It  also  makes  it  include  any  cistern,  water-closet,  earth-closet, 
or  dung-pit,  so  foul  or  in  such  a  state  as  to  be  a  nuisance  or  injurious  or 
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dancerons  to  health,  and  any  such  absence  ^'^^ J''''^''''/,'^^f^^^^^^ 
aSs  a  nuisance  by  virtue  of  section  3  of  the  Metropohs  Water  Act,  18/ 1  , 
FurtheraT^L,^  may  give  information  to  the  Sanitary  Authority  of 
riisance  Tnd^it  is  thi  duty  of  every  officer  of  the  authority  and  of  the 
re™ng  officer  so  to  do,  and  to  give  written  notice  to  the  persons  who  may 

""^'S^^^^^re^^  abatement  of  a  nuisance,  it  is  optional  to 
speciiyC  works  to  be\xecuted;  also,  where  the  f  ^^/^^P^^^^  ^^^^^ 
n?r.  nVtiie  nuisance  cannot  he  found,  the  Sanitary  Authority  may  not  only 
Slves  abate  the  nuisance,  but  also  do  what  is  necessary  to  prevent  its 
ri™nce^  In  cases  of  overcrowding,  the  Sanitary  Au  hority  must  take 
proredings  to  abate  the  nuisance.  The  penalty  for  wilful  --^^^^^^  ^^.^^'^^ 
abatement  is  a  fine  of  £10  for  each  offence,  whether  an  ord^;  to  abate  it 

Sn^J  Sltlve  a  fin  nTexeeeding  £6  (section  15)    Groundless  app-  s 
sissions  against  nuisance  orders  are  checked  hy  daily  fines  of  .Os. 

li^MJy'Authority,  moreover,  are  required  by  section  16  of  the 
Lonion  1^  0  Lke  bye-laws  lor  the  prevention  of  ^'7, 

Krirt^r^^ 

Unde?  section  6,  Local  Government  Act,  1899  it  shall  be  tne  a  ^ 
borough  council  to  enforce  withm  their  borough  the  by^^^^'„^^^^ 

in  respect  of  these  matters  by  the  Co^mty  CounciL  ^^^^^^ 

As  recrards  the  prevention  of  smoke,  section  ^4  oi  iub  x 
(Londo^^Act,  189?,  -responds  closely  w^^^^ 

1875  ;  but  the  main_  provisions  against  T^^^^^^^n  ^'t  ^f  1891,  which 
metropolis  are  contained  m  section  23  of  the  London  ^  >  ^^^^^^ 

provides  that    every  furnace  em^oyedm^^^^^^  J  ^^^^ 

and  every  furnace  employed  m  any  P^^^^.  JTm'^ndrv  cxlass-house,  distillery, 
mill,  factW,  printing-house,  dye^iou^^^^^  Z'^Z^^\£:..or^^^^  or  other 
brew-house,  sugar  refinery,  ^'^^^^^'^^f;'  of  manufacture  (although  a  steam- 
building  used  for  the  purpose  « V^^^^^*^  [^^^^^^^^  so  as  to 
engine  \e  not  used  -/-fie  j^s^^^^^^^^^^ 

consume  and  burn  the   smoke  ^^^^'^}^  ,  •    gection,  and,  moreover, 

°XSlana._The  statutory  e—^^ 

summarily  dealt  with,  as  contained  m  the  Public  neai  ^ 
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1897,  follows  closely  on  the  lines  of  the  English  Act  of  1875  or  the  London 
Act  of  1891. 

Except  in  certain  cases  as  regards  fireplaces,  furnaces,  and  chimneys 
sending  forth  smoke  so  as  to  be  injurious  to  health,  and  also  churchyards  or 
cemeteries  so  situated,  or  so  crowded  with  bodies,  or  so  conducted  as  to  be 
offensive  or  injurious  to  health,  the  summary  decision  of  a  sheriff,  magis- 
trate, or  justice  upon  the  alleged  existence  of  a  nuisance  is  final. 

As  regards  manufactories,  trades,  and  businesses  injurious  to  the  health  of 
the  neighbourhood,  or  so  conducted  as  to  be  offensive  or  injurious  to  health,, 
or  any  collection  of  bones  or  rags,  as  well  as  factories  not  under  any 
general  Act  for  the  regulation  of  factories  or  bakehouses,  a  medical 
certificate  or  requisition  by  ten  inhabitants  is  required  before  the  justice 
can  give  an  interdict  of  the  nuisance.  The  sheriff,  magistrate,  or  justice 
may  order  remedial  works  to  be  carried  out,  or  ordain  the  local  authority 
to  do  so  and  to  recover  expenses  from  the  owner  of  ,the  premises  or  person 
responsible  for  the  nuisance.  There  are  no  saving  clauses  at  all  corresponding- 
to  those  in  the  English  Act. 

A  County  Council,  subject  to  the  approval  of  the  Local  Government. 
Board  for  Scotland,  may  make  bye-laws  "  for  prevention  and  suppression  of 
nuisances  not  already  punishable  in  a  summary  manner  by  virtue  of  any 
Act  in  force  throughout  the  country  " ;  and  Burgh  Commissioners,  subject 
to  the  approval  of  the  Local  Government  Board,  have  similar  powers  in. 
respect  of  the  burghs  (Burgh  Police  (Scotland)  Act,  1892). 

If  a  local  authority  refuse  to  enforce  the  provisions  of  the  PubHc  Health 
(Scotland)  Act  as  to  nuisances  or  otherwise,  any  two  householders  or  the 
inspector  of  the  poor,  or  the  local  procurator-fiscal,  or  the  Local  Government 
Board  may  apply  to  the  sheriff  for  a  summary  decision  and  decree.  The 
subsequent  course  of  action  is  similar  to  that  under  similar  circumstances  in 
England. 

In  Ireland. — The  nuisance  prevention  provisions  are  almost,  if  not  quite,, 
identical  in  the  Public  Health  (Ireland)  Act,  1878,  section  107  et  seq.,  with 
those,  of  the  English  Act  of  1875  ;  consequently,  the  explanations  already 
given  as  to  the  law  of  nuisances  in  England  and  Wales  hold  good  for  that 
m  Ireland.  The  Coal-Mines  Regulation  Act,  1887,  appHes  to  Ireland,  but 
the  Quarry  (Fencing)  Act  of  the  same  year  does  not  apply. 


CELLAR  DWELLINGS. 

In  England  and  Wales.— The  Pubhc  Health  Act,  1875,  section  71, 
prohibits  the  separate  occupation  as  a  dwelling  of  any  cellar  (including  any 
vault  or  imdergrouud  room)  built  or  rebuilt  after  the  passing  of  the  Act,  or 
•which  was  not  lawfully  so  let  or  occupied  at  the  time  of  the  passing  of  the- 
Act.  Anyone  passing  the  night  in  a  cellar  is  deemed  to  occupy  it  (section 
74).  No  cellar  could  be  considered  to  be  lawfully  let  or  occupied  at  the 
time  of  passing  the  1875  Act  which  was  not  so  let  or  occupied  previously 
to  August  7,  1866;  and  in  the  case  of  some  few  urban  sanitary  districts, 
where  section  67  of  the  PubHc  Health  Act  of  1848  was  still  in  force  in 
1875,  no  cellar  could  be  lawfully  let  or  occupied  as  a  dwelling  which  was 
not  so  let  or  occupied  prior  to  August  31,  1848. 

Cellar  dwellings,  the  letting  or  occupation  of  which  are  not  forbidden 
under  section  71,  are  prohibited  by  section  72  from  being  let  or  occupied 
unless  they  comply  with  the  following  requirements  •.—(a)  The  height  must 
in  every  part  be  at  least  7  feet,  3  feet  of  which  must  be  above  the  level  of 
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the  adjoining  street,  (b)  An  open  area  at  least  2^  feet  wide  m  every  part, 
and  6  inches  below  the  level  of  the  floor,  must  extend  along  the  whole 
frontage.  It  may  be  crossed  by  steps,  but  not  opposite  the  window,  (c 
The  ceUar  must  be  drained  by  a  drain  at  least  1  foot  below  the  floor,  (d) 
There  must  be  proper  closet  and  ashpit  accommodation,  (e)  There  must  be 
a  fireplace  and  chimney,  and  (/)  a  window  at  least  9  square  feet  m  area, 
made  to  open.  The  window  of  a  back  ceUar  let  or  occupied  along  with  a 
front  cellar  need  only  be  4  square  feet  in  area.  ^      ^  ,  . 

Anv  person  who  lets,  occupies,  or  knowingly  suffers  to  be  occupied  for 
hire  or  rent  any  cellar  contrary  to  the  Act  is  liable  for  every  offence  to  a 
penalty  not  exceeding  20s.  for  every  day  of  default  (section  73).  Where 
two  convictions  relating  to  the  occupation  of  a  cellar  as  a  separate  dweUmg 
have  taken  place  within  three  months,  a  Court  of  summary  jurisdiction  may 
close,  either  temporarily  or  permanently,  the  premises,  as  it  deems  to  be 

^^°lTLradon  — Th^provisions  as  to  cellar  dwelUngs  by  sections  96  to  98  of 
the  Public  Health  (London)  Act,  1891,  differ  somewhat  from  those  given  m 
the  preceding  section.    A  cellar  dwelling  or  underground  room  must  not  be 
occupied  in  London  unless  :-(a)  Every  part  is  7  feet  high,  and  the  ceihng 
is  aUeastSAe^abovethe  surface  of  the  adjoining  street ;  but  i    he  a^^^ 
outside  is  as  much  as  6  feet  in  width,  or  not  less  wide  than  the  depth  of  the 
floor  below  the  ground  level,  then  the  height  may  be  l  foot  above  the  street. 
?&)  Every  wall  has  a  damp-course,  and,  if  in  contact  with  the  soil,  is  effectuaUy 
■secured  from  damp  from  the  soil,    (c)  There  is  an  open  area  outside  along 
the  rontage,  4  feet  wide  in  every  part,  and  6  inches  below  the  floor  level 
It  may  be'crossed  by  steps,  but  not  opposite  a  window,    {d)  T^f  j^^-^^^^ 
•soil  immediately  below  the  room  are  effectuaUy  dramed     (  )  hoUow 
«Dace  (if  any)  below  the  floor  is  ventilated  to  the  outer  air.    (/)  Any  dram 
rslnfunde  the  room  is  properly  constructed  of  gas-tight  pipe.    (^)  The 
^oom  fs  effectuaUy  secured  against  the  rising  of  any  effluvia  or  e^aktion 
(^)^here  is  a  proper  water-closet  and  ashpit  m  a  convenient  place,  (t 
There  is  effectual  ventUation.    (j)  There  is  a  fireplace,  with  cliimnej^  (^) 
There  are  one  or  more  windows  opening  directly  into  the  open  air,  the 
Wow-area  being  at  least  one-tenth  of  the  floor-area,  _  and  so  constructed 
Zt  JZtU  of  each  window  can  be  opened,  and  in  each  case  opemng 

^°  ^TheTame  conditions  apply  to  underground  rooms  occupied  separately  as 
IwpTw.  before  J^^^^^  b^°t  the  Sanitary  Authority,  either  by 

Ine  lfre,u£^^  apP^-tion  by  the  owner,  may  modify  any 

LSLns  newly  W  by  this  Act  which  involve  structural  alteration 
:rtt  builSing.'  The  poweJ  as  to  closure  of  underground  rooms  after  two 

^^Tt^o\ilfd™er        PubL'  Jelltlf  (^  Act,  1897  sections 

74  to  7'"^^^^^     of  ceUars  or  underground  1.0ms  is  regulated  under 

of  tie  Sand  EngHsh  Public  Health  Acts  under  this  heading  :  section  82 
of  the  former  corresponding  to  section  71  of  the  latter. 

COMMON  LODGING-HOUSES. 

In  England  and  Wales.-While  the  Public  Health  Ac\187Mo^^^^^^ 
.give  any  definition  of  the  expression  "  common  lodging-house,  it  is  commonly 
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taken  to  mean,  for  the  purposes  of  the  Act,  those  lodging-houses  "  in  which 
persons  of  the  poorer  class  are  received  for  short  periods,  and,  though 
strangers  to  each  other,  are  allowed  to  inhabit  one  common  room."  The 
term  does  not  cover  rooms  common  to  the  members  of  one  family  or 
household,  nor  inns,  nor  lodgings  let  to  the  middle  or  upper  classes. 

Section  76  of  the  Act  requires  every  urban  and  rural  Sanitary  Authority 
to  keep  a  register  of  common  lodging-houses  in  their  district,  in  which  shall 
be  entered  the  names  and  residences  of  the  keepers  thereof,  and  the  situation 
if  every  such  house,  and  the  number  of  persons  authorised  by  such  authority 
to  be  received  therein.  It  is  unlawful  to  keep  a  common  lodging-house 
unless  it  is  registered  (section  77),  and  this  can  only  be  done  after  it  has 
lieen  inspected  and  approved  for  the  purpose  by  some  officer  of  the  Sanitary 
Authority  (section  78).  If  required,  the  notice  of  registration  must  be 
iffixed  to  the  house  (section  79). 

Before  any  premises  are  approved  as  suitable  for  a  common  lodging- 
house  they  should — 

"  (1)  Possess  the  conditions  of  wholesomeness  needed  for  dwelling-houses  in  general ; 
uid  (2)  should  have  arrangements  fitting  it  for  its  special  purpose  of  receiving  a  number 
)f  lodgers."  Thus,  the  house  should  have  dry  foundations,  and  have  proper  drainage, 
,'uttering,  and  spouting,  with  a  well-laid  and  paved  yard  abutting  on  it.  The  drains 
iiust  be  properly  connected,  the  soil  pipe  ventilated,  the  water-closets  trapped,  and  all 
vaste  pipes  from  sinks,  basins,  &c.,  discharging  over  gullies  outside  the  liouse.  The 
losets,  privies,  and  receptacles  should  be  in  convenient  situations,  of  proper  construc- 
lon,  and  adapted  to  the  scavenging  arrangements  of  the  disti-ict.  The  walls,  roof,  and 
ioors  should  be  in  good  repair.  Inside  walls  should  not  be  papered.  Every  registered 
■oom  should  have  special  means  of  ventilation,  by  chimney  if  possible,  and  a  window 
)pening  freely  and  directly  upon  the  outer  air.  There  should  be  kitchen  and  day-room 
iccommodation  apart  from  the  bedrooms.  Rooms  partially  underground  should  not  be 
•egistered  as  sleeping-rooms.  There  should  be  a  supply  of  pure  water,  allowing  at  least 
0  gallons  per  head  per  day  for  the  maximum  number  of  inmates,  and  one  closet  for  every 
wenty  registered  lodgers.  The  washing  accommodation  should,  wherever  practicable, 
'e  m  a  special  place,  and  not  in  the  bedrooms  ;  the  basins  for  personal  washing  being 
ixed,  trapped,  and  fitted  with  disconnected  waste-pipes. 

No  premises,  failing  to  fulfil  the  above  indicated  requirements,  should 
>e  approved  by  the  Sanitary  Authority  for  registration  as  a  common  lodging- 
louse. 

When  the  lodging-house  is  without  a  proper  water-supply,  and  this  can 
">  furnished  at  a  reasonable  rate,  the  Sanitary  Authority  may  enforce  it 
action  81).    The  keeper  is  required  to  lime-wash  the  waUs  and  ceilings  in 
ue  first  week  of  April  and  October  in  every  year  (section  82).   The  Sanitary 
Authority  have  power  to  require  the  keeper  of  a  house  in  which  vagrants  or 
•eggars  are  received  to  make  returns  of  persons  who  have  slept  there  the 
•aght  before  (section  83),  and  the  keeper  must  always  give  notice  to  the 
I^edical  Officer  of  Health  and  to  the  relieving  officer  of  any  case  of  infectious 
•asease  (section  84).    In  any  urban  or  rural  sanitary  district  in  which  Part 
_  II.  of  the  Public  Health  Acts  Amendment  Act,  1890,  has  been  adopted, 
my  keeper  of  a  common  lodging-house  who  fails  to  give  the  notice  required 
vy  the  last  mentioned  section  is  liable  to  a  penalty  not  exceeding  40s.,  and 
'3  a  daily  penalty  not  exceeding  5s. 

Free  access  must  be  allowed  to  officers  of  the  Sanitary  Authority  to  a 
common  lodging-house  or  any  part  thereof,  and  any  person  who  refuses  such 
•'ccess  will  be  liable  to  a  penalty  not  exceeding  £5  (section  85). 

Section  80  of  the  Public  Health  Act,  1875,  requires  all  Sanitary  Authori- 
■  es  to  make  bye-laws  (1)  for  fixing  and  varying  the  number  of  lodgers  who 
Jiay  be  received  into  a  common  lodging-house,  and  for  the  separation  of  the 
»xes  therein ;  and  (2)  for  promoting  cleanliness  and  ventilation  ;  and  (3) 


906  SANITARY  LAW, 


for  the  giving  of  notices  and  the  taking  of  precautions  in  a  case  of  any- 
infectious  disease ;  and  (4)  generally  for  the  well  ordering  of  such  house. 
The  Local  Government  Board  have  issued  a  series  of  Model  Bye-laws  for 
the  purposes  of  this  section,  of  which  the  following  is  a  summary:— 

(a)  A  greater  number  of  lodgers  than  the  maximum  from  time  to  time  fixed  by  the 
Sanitary  Authority  by  a  notice  served  on  the  keeper  of  the  house  must  not  be  accommo- 
dated in  each  room  ;  it  is  usual  to  require  at  least  300  cubic  feet  of  air-space  per  head, 
but  to  count  two  children  as  one  adult.    (6)  In  general,  no  person  above  ten  years  of  age 
must  occupy  the  same  sleeping-room  as  persons  of  the  opposite  sex,  but  rooms  may  be  set 
apart  for  the  sole  use  of  married  couples,  to  the  exclusion  of  other  persons  over  ten  years 
of  a^e  on  condition  that  every  bed  is  screened  off.    No  bed  must  be  occupied  by  more 
than  one  male  above  ten  years  of  age.    (c)  The  yards,  &c.,  must  be  kept  clean  and  m 
good  order  ;  all  floors  swept  dailj',  and  washed  once  a  week  ;  all  windows,  painted  sur- 
faces and  fittings  of  wood,  stone,  or  metal  kept  clean,    {d)  Closets  must  be  kept  clean 
and  in  good  and  efficient  order,    (c)  Ashpits  must  be  kept  clean  and  in  good  order  ;  no 
filth  or  wet  refuse  being  thrown  into  ashpits  designed  for  dry  refuse  only.    (/)  ihe 
windows  must  be  opened  fully  for  an  hour  in  the  morning  and  an  hour  in  the  afternoon, 
except  in  case  of  bad  weather  or  occupation  of  the  room  by  a  sick  person,  or  other  suffi- 
cient cause.    Beds  must  be  stripped  of  clothes  aud  fully  exposed  to  the  air  for  an  hour 
each  day  and  must  not  be  re-occupied  within  eight  hours  after  bemg  vacated.    All  refuse 
and  slops  must  be  removed  every  day  before  10  a.m.,  and  all  utensils  cleansed  daily. 
Every  sleeping-room  must  be  provided  with  sufficient  bedsteads,  beds,  bed-clothes,  and 
utensils  for  the  use  of  the  maximum  number  of  lodgers  to  be  received  therein,    (g)  A 
sufiacient  supply  of  suitable  basins,  water,  and  towels  must  be  provided  for  the  use  of 
lodgers,  and  must  be  kept  clean  and  renewed  as  required,    {h)  If  the  keeper  finds  that 
any  lodger  is  suff"ering  from  an  infectious  disease;  he  must  at  once  take  all  necessary 
precautions.    No  person,  except  a  relative  or  attendant,  must  occupy  the  same  room  as 
the  sick  person.    If  the  patient  is  removed  to  hospital  by  the  Sanitary  Authority,  the 
keeper  must  aff'ord  all  facilities  for  removal,  and  must  adopt  all  precautions  directed  by 
the  Medical  Officer  of  Health.    He  must,  if  required  to  do  so,  temporarily  cease  to- 
receive  lodgers  into  any  infected  room.    At  the  end  of  the  case,  by  removal,  recovery,  or 
death,  the  keeper  must  at  once  give  notice  to  the  Medical  Officer  of  Health,  and  must 
cleanse  and  disinfect  every  part  of  the  infected  rooms  and  their  contents,  and  in  doing  so 
must  comply  with  all  the  instructions  of  the  Health  Officer.    When  tlie  cleansmg  and 
disinfection  are  completed,  he  must  give  notice  thereof  to  the  Medical  Officer  of  Health, 
and  must  not  receive  any  lodger  into  the  rooms  in  question  until  two  days  alter  such 
notice  has  been  given,    (t)  A  copy  of  the  bye-kws  in  force  with  respect  to  common 
lodging-houses,  supplied  by  the  Sanitary  Authority,  and  a  statement  of  the  provisions  ot 
sections  75  to  89  of  the  Public  Health  Act,  1875,  must  be  placed  in  some  conspicuous 
place  in  the  house,  and  must  not  be  concealed,  altered,  obliterated,  or  injured. 

In  London.— Outside  the  city  of  London  the  metropolitan  common 
lodging-houses  are  regulated  by  the  Common  Lodging-houses  Acts,  1851 
and  1853  which,  "except  as  regards  the  MetropoUtan  Police  District,  were 
repealed  by  section  343  of  the  Public  Health  Act,  1875."  Section  3  of  the 
Act  of  1851  provided  that  the  Act  should  be  executed  withm  and  for  all 
parts  of  the  Metropolitan  PoUce  District  by  the  Commissioners  of  Police. 
By  a  provisional  order,  however,  of  the  Local  Government  Board,  dated 
May  7,  1894,  since  confirmed  by  Parliament,  these  powers  and  duties  of 
the  Police  Commissioners  under  those  Acts  have  been  transferred  to  the 
London  County  Council,  from  November  1,  1894.  Under  the  Common 
Lodging-houses  Acts  of  1851  and  1853,  the  powers  for  the  control  and 
management  of  those  places  are  practically  the  same  as  those  of  Sanitary 
Authorities  in  other  parts  of  the  country  under  the  Pubbc  Health  AcW 
1877  •  power  being  given  to  make  regulations  for  them,  subject  to  con- 
firmation of  the  Home  Secretary  (section  9).  In  the  city  of  London  the 
provisions  of  the  Public  Health  Act,  1875,  as  to  common  lodging-houses 
appear  to  apply,  the  Commissioners  of  Sewers  being  the  Local  Sanitary 

In"scotland.-By  the  Public  Health  (Scotland)  Act,  1897,  sections  69 
to  100,  the  provisions  respecting  common  lodging-houses  are  similar  to  those 
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m  force  in  England.  The  definition,  however,  of  a  common  lodging-house 
is  peculiar,  it  being  defined  as  "  a  house  or  part  thereof  where  lodgers  are 
housed  at  an  amount  not  exceedmg  fourpence  per  night  for  each  person, 
whether  the  same  be  payable  nightly  or  weekly,  or  at  any  period  not  longer 
than  a  fortnight ;  and  shall  include  any  place  where  emigrants  are  lodged, 
and  all  boarding-houses  for  seamen,  irrespective  of  the  rate  charged  for 
lodging  or  boarding."  The  amount  charged  may,  with  the  approval  of  the 
Sanitary  Authority,  be  diminished  or  raised,  but  not  to  exceed  sixpence 
(section  89). 

In  Ireland.— The  Irish  Public  Health  Act  of  1878,  section  2,  defines  a 
common  lodging-house  to  mean  "a  house  in  which,  or  in  any  part  of  which 
persons  are  harboured  or  lodged  for  hire  for  a  single  night,  or  for  less  than 
a  week  at  a  time."  The  provision  empowering  a  Sanitary  Authority  to 
remove  a  lodging-house  from  the  register  untU  a  proper  water-supply  has 
been  provided  is  compulsory,  and  not  merely  permissive  as  in  England 
(section  92).  In  the  case  of  failure  on  the  part  of  the  keeper  to  limewash 
the  waUs  in  the  first  weeks  of  AprH  and  October  in  each  year,  the  work  can 
be  executed  by  the  Sanitary  Authority,  and  the  cost  recovered  in  a  summary 
manner  (section  93).  Excepting  some  other  minor  difterences,  the  provi- 
sions ot  the  Irish  Act,  m  respect  of  common  lodging-houses,  conform  closely 
with  those  of  the  English  Act ;  wlaile  the  Model  Bye-laws,  issued  by  the 
Local  Government  Board  for  use  in  England,  will  also  apply,  with  some 
small  modifications,  to  Ireland. 
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The  term  tenement  houses"  is  here  used  to  express  houses  which 
while  not  being  common  lodging-houses  as  defined  in  the  last  section,  are 
let  m  lodgings  or  occupied  by  members  of  more  than  one  family  So  far 
as  relates  to  sanitary  enactments  hereafter  to  be  explained,  these  tenement 
houses,  as  above  defined,  are  assumed  to  be  only  those  houses  occupied  by 
persons  belonging  to  the  poorer  classes,  and  do  not  embrace  houses  of  hi-her 
rateable  value.  ° 

c.]]J^<^f''^^^''^T^  Wales -Every  Sanitary  Authority,  in  respect  of  so- 
called  tenement  houses,"  has  power  to  make  bye-laws  for  their  control  and 
nianagement  by  the  Public  Health  Act,  1875,  section  90,  and  the  untj  a^^^^ 
8th  section  of  the  Housing  of  the  Working  Classes  Act  of  1885  These 
bye-laws  should  be  framed  for  (1)  fixing,  and  from  time  to  time  varying,  the 
number  of  persons  who  may  occupy  a  house  or  part  of  a  house,  which  is  let 
ui  lodgings  or  occupied  by  members  of  more  than  one  family,  and  for  the 

KctZ?l!  Vqw'  ^«  1^*°^  o^^^^Pied;  (2)  for  the  registration 

ot  such  houses ;  (3)  for  their  inspection  ;  (4)  for  enforcing  drainage,  and  the 
provision  of  privy  accommodation,  cleanliness,  and  ventilation:  (5)  for 
■  cleansing,  limewashing  at  stated  intervals,  and  for  the  paving  of  the  yards  • 
i  tiouf  Siseasf ^^'^^"S  of  precautions  in  case  of  ^infec- 

I  Posed''5or'^!.lf'       ^fT^  ^T"  ^^'^'^"^^     ^^ose  pro- 

posed for  common  lodging-houses;  but  in  the  absence  of  any  express 

adv    .'T'  :f  *T '  'f"^*"'^  *heir  scope.  Sanitary  Authorities^  are 

•  relatSt     t  Government  Board  to  insert  a  clause^in  their  bye-laws 

relating  to  these  houses,  providing  for  the  exemption  of  lodgincr  or  tenement 

elsewh'p''     ^^"-^  '''''''^^^y  that  such  superv  ion  as 

elsewhere  a  Sanitary  Authority  alone  can  sufficiently  exerciserwiU  be 
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exercised,  in  fact,  by  the  lodgers  themselves.  In  other  words,  it  is  assumed 
that  bye-laws  are  unnecessary  in  the  case  of  tenement  houses  occupied  by 

well-to-do  persons.  _       ,       ,  ,        i        j    v  -i-u 

The  Local  Government  Board  have  issued  Model  Bye-laws,  dealing  with 
these  houses,  which  are  somewhat  lengthy.  The  nature  of  some  of  them 
may  be  inferred  from  the  models  relating  to  common  lodging-houses ;  but 
in  respect  of  one  or  two  points,  special  notice  is  necessary.  Thus,  it  is 
suc'gested  that  every  room  should  have  a  notice  or  placard  indicatuig  how 
many  inmates  may  be  received  in  each  sleeping  or  other  department.  The 
minimum  free  air  space  allowed,  for  rooms  used  exclusively  for  sleeping, 
should  be  300  cubic  feet  for  every  person  exceeding  ten  years  of  age,  and 
150  cubic  feet  for  those  under  ten  years.  Where  a  room  is  not  used 
exclusively  for  sleeping  purposes,  these  spaces  may  be  increased  to  400  and 
200  cubic  feet  respectively. 

The  Model  Bye-laws  do  not  contain  provisions  for  the  separation  of  the 
sexes.  This  omission  arises  from  a  reasonable  doubt  whether  this  is 
practicable  under  the  ordinary  conditions  of  life  in  lodgings  of  the  poorer 
class.  Where,  however,  a  Sanitary  Authority  are  satisfied  that  a  rule  on 
this  subject  can  be  enforced  without  hardship,  it  should  be  framed  and 
enforced.  Another  point  is  that,  considering  the  registration  of  these 
houses  is  not  laid  down  by  the  law  as  for  common  lodging-houses,  the 
landlord  should  furnish  a  statement,  on  requisition  by  the  Sanitary  Authority, 
as  to  (a)  the  total  number  of  rooms  in  the  house  ;  (b)  the  total  number  let 
in  lodgings  or  occupied  by  members  of  more  than  one  family;  (c)  the 
manner  of  use  of  each  room ;  (d)  the  number,  age,  and  sex  of  the  occupants 
of  each  sleeping-room ;  (e)  the  name  of  the  lessee  of  each  room ;  and  (/)  the 
amount  of  reut  or  charge  payable  by  each  lessee.  The  other  Model  Bye- 
laws  relating  to  inspection,  drainage,  privy  accommodation,  &c.,  do  not 
materially  differ  from  those  proposed  for  common  lodging-houses. 

In  sea-port  towns,  under  section  214  of  the  Merchant  Shipping  Act,  1894, 
the  Sanitary  Authority  may  make  bye-laws  as  to  seamen's  lodging-houses, 
subject  to  sanction  of  the  President  of  the  Board  of  Trade.  Such  bye-laws 
must,  amongst  other  things,  provide  for  licensing,  inspection,  general 
sanitation,  publication  of  the  fact  of  a  house  being  licensed,  due  execution 
of  bye-laws  and  regulations,  the  prevention  of  persons  not  duly  hcensed 
purporting  to  keep  licensed  houses,  the  exclusion  of  persons  of  improper 
character,  and  sufficient  penalties  for  breach  of  such  bye-laws,  not  exceedmg 

^50.  ,     ,     1       •  „f 

If  a  Sanitary  Authority  do  not  make,  revoke,  or  alter  bye-laws  m  respect 
of  these  matters,  after  notice  from  the  Board  of  Trade,  that  body  may  do 
so  ;  and  an  Order  in  Council  may  be  made  requiring  aU  seamen  s  lodgmg- 
houses  to  be  licensed,  and  none  but  persons  duly  licensed  shall  keep 
seamen's  lodging-houses  or  let  lodgings  to  seamen  in  any  sea-port  town  or 

part  thereof.  •        j?        •  •wol 

Section  259  of  the  same  Act  enables  the  corporations  of  municipal 
boroughs  being  ports  in  the  United  Kingdom  to  appropriate,  with  m 
consent  of  the  Local  Government  Board,  lands  belonging  to  them  as  sites 

for  sailors'  homes.  ,  ,  .  fUon 

In  London,  the  regulation  of  tenement  houses  or  lodgings  other  tnan 
common  lodgings,  is  within  the  jurisdiction  of  the  Metropohtan 
District  Boards  in  the  administrative  county  of  London,        °*  ^''%^T. 
missioners  of  Sewers  in  the  city,  who  respectively,  by  section       oi  ui 
Public  Health  (London)  Act,  1891,  are  required  to  make  and  enforce  Dye- 
laws  for  the  several  purposes  for  which  Sanitary  Authorities  may  make  oy 
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laws  under  section  90  of  the  Public  Health  Act,  1875.  The  County 
Council  are  the  Local  Authority  in  the  administrative  county  of  London  for 
the  purposes  of  the  Merchant  Shipping  Act,  1894,  and  are  under  the  same 
obligations  to  make  bye-laws  and  regulations  with  reference  to  seamen's 
lodgings  imder  that  enactment  as  attaches  to  Sanitary  Authorities  in  whose 
districts  sea-port  towns  are  situated.  In  the  city  of  London  the  same 
duties  devolve  on  the  Commissioners  of  Sewers. 

In  Scotland. — As  regards  lodging-houses  other  than  common  lodging- 
houses,  section  72  of  the  Public  Health  (Scotland)  Act,  1897,  says  that 
every  Local  Authority  may,  and  if  required  by  the  Local  Government 
Board  shall,  make  and  enforce  bye-laws  for  (1)  fixing  the  number  of  persons 
who  may  occupy  a  house  or  part  of  a  house  let  in  lodgings,  or  occupied  by 
members  of  more  than  one  family;  (2)  for  the  registration  of  houses  so  let 
or  occupied ;  (3)  for  the  inspection  of  such  houses ;  (4)  for  enforcing  suffi- 
cient water-closet  accommodation,  and  for  promoting  cleanliness  and  venti- 
lation m  such  houses ;  (5)  for  cleansing  and  Hmewashing  of  the  premises  at 
stated  times;  (6)  for  the  giving  notices  and  the  taking  of  precautions  in 
case  of  any  infectious  disease.  The  provisions  of  the  Merchant  Shippinc^ 
Act  1894,  sections  214  and  259,  respecting  seamen's  lodging-houses,  appl? 
to  Scotland.  '   i  r  j 

In  Ireland.— Section  100  of  the  Public  Health  (Ireland)  Act  1878 
corresponds  to  section  90  of  the  English  Act,  and  empowers  Sanitary 
Authorities  to  make  bye-laws  as  to  houses  let  in  lodgings.  Owing  to 
ambiguity  of  phraseology,  it  is  doubtful  whether  that  section  of  the  Act  is 
m  force  m  the  districts  m  respect  of  such  houses,  without  a  declaration  bv 
the  Local  Government  Board.  The  Housing  of  the  Working  Classes  Act, 
18b5,  section  8,  enabled  the  Sanitary  Authorities  in  England  to  make 
these  bye-laws  without  any  declaration  by  the  Local  Government  Board 

;  and  section  15  of  the  same  Act  apphed  the  provisions  of  section  8  to 
Ireland.     The  Act  of  1885,  with  the  exception  of  a  few  sections  which 

I  mclude  section  8  but  not  section  15,  was  repealed  by  the  Housing  of  the 
Working  Classes  Act  of  1890,  so  that  it  is  very  problematical  whether  section 

.  »  oi_  the  188D  Act  IS  really  now  in  force  in  Ireland.    The  provisions  for 

I  making  bye-laws  and  granting  sites  for  seamen's  lodging-houses  are  the  same 

.  m  the  case  of  Ireland  as  for  England. 

HOUSING  OF  THE  WORKING  CLASSES. 

The  legislative  enactment  which  enables  Sanitary  Authorities  to  deal  with 
.this  important  branch  of  the  Public  Health  is  the  Housing  of  the  Workin- 
Classes  Act,  1890.  This  Act  repealed  and  consolidated  fourteen  S: 
'ideahng  with  the  important  but  large  subject  of  dwellings  for  the  labouring 
■classes.  The  Act  is  divided  mto  seven  parts;  of  these,  the  last  four  are 
^supplemental  to  the  first  three,  hence  the  natural  division  of  the  Act  is  into 
I  tnree  parts  only. 

t  tion'^''?  li  h"^"^^^ unhealthy  areas,"  being  an  amendment  and  consolida- 
toon  of  the  Artisans  and  Labourers'  Dwellings  Acts,  formerly  known  as 

-  Jh^.  essentia  point  of  this  part  of  the  Act  is  to  Jive  poweS 

■to  a  Local  Authority  to  clear  some  well-defined  unhealthy  area  In  an  urban 

'Sace'th".  1  """"''^  the  offending  dwellings,  narrow  courts^  ,  to 

h7uZ       "^Tl^^^g^  by  structures  in  all  respects  fit  for  human 

,.pLnty  7;iranf4^^^^^^^  "  P''"'  ^'"^"^^ 
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Part  II.  deals  with  the  individual  house,  or  with  small  groups  of  houses. 
The  basis  of  this  part  is  the  Act  known  formerly  as  Torren's  Act,  but  the 
leadino'  idea  is  practically  the  same  as  that  characteristic  of  Part  I. ;  the  chief 
distinction  between  them  being,  that  while  Part  I.  is  applicable  only  to 
urban  districts  and  deals  with  large  areas  including  many  houses,  Part  11. 
applies  to  both  urban  and  rural  districts  and  deals  with  the  individual  house, 
or  small  groups  of  houses. 

Part  III.  is  an  embodiment  of  the  Shaftesbury  Acts,  and  is  adoptive.  It 
cfives  to  Authorities  facilities  for  acquiring  or  appropriating  land  for  the 
purposes  of  erecting  thereon  buildings  suitable  for  lodging-houses  for  the 
working  classes.  Under  this  part  they  can  also  convert  any  buildings  into 
lodging-houses  for  the  working  classes,  and  may  "  alter,  repair,  enlarge,  and 
improve  the  same  respectively,  and  fit  up  and  furnish  and  supply  the  same 
with  requisite  furniture,  fittings,  and  conveniences." 

Of  the  remaining  or  purely  supplemental  portions  of  the  Act,  Part  PV. 
contains  the  following  important  provision.  "  In  any  contract  made  after 
August  14,  1885,  for  letting  for  habitation  by  persons  of  the  working 
classes  a  house  or  part  of  a  house,  there  shall  be  implied  a  condition  that 
the  house  is  at  the  commencement  of  the  holding  in  all  respects  reasonably 
fit  for  human  habitation." 

The  Act  thus  readily  lending  itself  to  division  into  three  main  parts,  or 
those  dealing  with  "unliealthy  areas,"  "unhealthy  dweUings,"  and  "work- 
ing-class lodging-houses,"  it  will  be  more  convenient  to  consider  the  law 
refating  to  the  whole  question  of  the  housing  of  the  working  classes  under 
those  three  main  sections. 

UNHEALTHY  AEEAS. 

Part  I.  of  the  Housing  of  the  Working  Classes  Act,  1890,  which  deals 
with  this  subject,  is  applicable  to  England  and  Wales,  the  metropolis, 
Scotland,  and  Ireland ;  and  enables  the  various  urban  Sanitary  Authorities, 
the  London  County  Council,  and  the  Commissioners  of  Sewers  of  the  City 
of  London  to  carry  out  by  means  of  provisional  orders,  confirmed  by  Parlia- 
ment, improvement  schemes  for  the  reconstruction  and  re- arrangement  of 
the  streets  and  houses  in  unhealthy  areas. 

To  put  the  Act  in  motion,  it  is  the  duty  of  the  Medical  Officer  of  Health 
to  make  "an  official  representation"  in  writing  to  the  Sanitary  A.uthority. 
whenever  he  sees  cause  to  do  so,  that  within  a  certain  area  either  any 
houses  or  courts  are  unfit  for  habitation;  or  the  bad  arrangement  or 
condition  of  the  streets  or  houses,  or  want  of  light,  ventilation,  or  proper 
conveniences,  or  any  other  sanitary  defects,  are  dangerous  to  the  health  of 
the  inhabitants ;  and  that  the  evils  cannot  be  effectuaUy  remedied  other- 
wise than  by  re-arrangement  and  reconstruction  of  some  or  all  of  the 
fitreets  or  houses.  Similarly,  upon  complaint  by  two  justices  of  the  peace, 
or  twelve  ratepayers,  the  Medical  Officer  of  Health  must  make  an  inspec- 
tion and  report  upon  any  area  aUeged  to  be  unhealthy  and  dangerous  to 
health.  If  he  fails  to  do  so,  or  reports  that  it  is  not  an  unhealthy  area, 
euch  ratepayers  may  appeal  to  the  confirming  authority  (which  m  the 
ease  of  aU  urban  districts  is  the  Local  Government  Board,  and  as  regards 
the  metropolis  is  the  Home  Secretary),  who,  upon  receiving  satisfaction 
as  for  costs,  may  then  appoint  a  medical  practitioner  to  inspect  the  are^ 
and  to  make  representation  to  tliem,  stating  the  facts  of  the  case,  ana 
whether,  in  his  opinion,  the  area,  or  any  part  thereof,  is  or  is  not  an 
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unhealthy  area.  The  representation  so  made  must  be  transmitted  by  the 
confirming  authority  to  the  Local  Authority,  who  must  treat  it  in  the 
same  manner  as  if  it  were  an  official  representation  made  direct  to  them  in 
the  other  or  more  ordinary  way  by  their  own  officer  (section  16). 

The  Sanitary  Authority  must  consider  this  or  any  representation,  and 
if  satisfied  of  the  truth  thereof,  and  of  the  sufficiency  of  their  resources, 
must  declare  the  area  to  be  an  unhealthy  area,  and  frame  an  improve- 
ment scheme.  In  any  case,  if  the  Sanitary  Authority  refuse  or  fail  to 
prepare  a  scheme  upon  receipt  of  an  official  representation,  they  must 
report  the  facts  to  the  confirming  authority,  who  may  then  order  a  local 
inquiry  to  be  held.  The  Act,  however,  does  not  authorise  any  action  to 
be  taken  on  the  information  thus  obtained  (section  10). 

Having  passed  a  resolution  to  carry  out  an  improvement  scheme,  the 
Samtary  Authority  may  prepare  it,  with  maps,  plans,  and  elaborate  details 
as  to  samtary  arrangements,  mdening  the  approaches  and  streets,  or  other- 
wise opening  out  the  area.    It  may  exclude  any  part  of  the  area,  or  include 
neighbouring  lands ;  but  must  provide  such  dwelling  accommodation  if  any 
for  the  working  classes  displaced  by  the  scheme  as  is  required  by  the  Act 
(section  6).    Due  publicity  must  be  given  to  the  scheme  by  ixiblishing 
advertisements  m  a  local  newspaper  in  either  September,  October  or 
^^ovember,  naming  a  place  within  such  area  or  in  the  vicinity  where  a 
copy  of  the  scheme  may  be  seen  at  all  reasonable  hours ;  and  during  the 
month  next  following  the  month  in  which  advertisements  were  published 
notices  must  be  served  on  all  the  persons  interested  (section  7)     This  being 
done,  application  must  be  made  by  the  Sanitary  Authority  to  the  confirmina 
authority  for  a  provisional  Order.    If  tliis  authority  think  fit  to  proceed 
with  the  case,  it  maist  direct  a  local  inquiry  to  be  held  respecting  the 
correctness  of  the  official  representation,  and  the  sufficiency  of  the  scheme 
On  receiving  the  report  made  by  this  inquiry,  the  confirming  authority 
may  grant  a  provisional  Order  declaring  the  limits  of  the  area  to  which  th^e 
scheme  relates,  and  authorising  the  scheme  to  be  carried  into  execution 
The  Order  has  no  validity  unless  and  untU  it  has  been  confirmed  by  Act 
of  Parliament,  and  such  Act  must  be  a  pubHc  general  Act  (section  8) 

In  London,  accommodation  must  be  provided  in  or  near  the  area  for 
the  whole  number  displaced,  unless  the  Order  decrees  otherwise ;  under 
certam  conditions  the  Order  may  accept  in  substitution  equally  convenient 
accommodation  not  m  or  near  the  area,  and  may  dispense  with  the  obligation 
to  any  extent  not  exceednig  one-half.  Outside  the  metropolis  such  provi  on 
IS  only  compulsory  if  (and  to  the  extent)  prescribed  by  the  Order^sect  on 
11  .  In  assessing  the  value  of  property,  no  additional  allowance  for  com- 
pulsory purchase  is  to  be  made  m  regard  to  any  unhealthy  portion  of  the 

ZTLw^  r       A  ""^'^  ^!  ^'^'^  ^^^y  P^^^^^^^  are  (l)  unfit 

for  habitation,  and  cannot  reasonably  be  made  fit;  or  (2)  in  bad  reoair 
or  m  an  insanitary  condition ;  or  (3)  that  the  rental  is  eilhanced  by  reasTn 

.  in  the  second,  upon  the  value  after  allowing  for  the  cost  of  necessa^v 
repairs;  in  the  third,  upon  the  value  apart  from  such  iUegal  use  (section 

I  anv  fiill^';;^'''^  Authority  must,  not  less  than  thirteen  weeks  before  taking 
any  fifteen  houses  or  more,  give  notice  to  the  occupiers  by  placards  hand" 

'bills  or  other  notices,  and  must  also,  before  actually  clLSrrobi  t 
certificate  from  a  justice  that  they  have  made  knowif  their  intention  of 

t  taking  the  houses  in  the  mamier  specified  in  the  Act  (section  U  The 
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time  taken  by  all  these  steps  is  often  considerable.  It  rarely  happens 
that  an  area  is  cleared  and  built  upon  under  four  years.  If  withm  five 
years  after  the  removal  of  any  buildings  on  the  land  set  aside  by  any 
scheme  authorised  by  a  confirming  Act  as  sites  for  working  men's  dweUmgs 
the  Sanitary  Authority  fail  to  complete  it,  the  Local  Government  Board 
have  power  to  sell  the  land  and  complete  the  scheme  (section  13). 

Reference  may  conveniently  here  be  made  to  a  practical  difficulty  which 
occasionallv  arises,  in  connection  with  this  matter  of  unhealthy  areas,  in 
London     Owing  to  the  County  Council  being  the  local  authority  outside 
the  city'for  the  purposes  of  Parts  I,  and  III.  of  the  Housing  of  the  Working 
Classes  Act,  1890,  and  the  Borough  Councils  the  local  authorities  for  the 
purposes  of' Part  II.  of  the  Act,  in  cases  where  the  area  to  be  dealt  with  is 
neither  very  large  nor  very  small,  differences  of  opinion  arise  whether  it 
should  be  dealt  with  under  Part  I.  or  IT.  of  the  Act.    When  Part  L 
is  put  in  force,  the  expenses  are  necessarily  borne  by  the  whole  of  London 
exclusive  of  the  city.    When  recourse  is  had  to  Part  II.,  the  cost  primarily 
falls  on  the  parish  or  district  subject  to  the  Sanitary  Authority.    To  avoid 
this  difficulty,  section  72  says  that  when  official  representation  deals  with 
not  more  than  ten  houses,  the  case  is  to  be  dealt  with  under  Part  II.  It 
is  obvious  however,  that  this  enactment  only  solves  the  difficulty  in  a 
limited  number  of  cases,  hence  a  further  attempt  has  been  made  to  remove 
doubts  and  differences  on  this  matter  that  may  arise  between  the  County 
Council  and  the  Sanitary  Authorities,  by  leaving  the  question  to  be  settled 
in  each  case  by  the  Home  Secretary  (section  73). 

Another  point  of  importance,  in  London,  is  that  the  official  representation 
bv  means  of  which  the  County  Council  are  to  be  set  in  motion  must  be 
made  either  by  the  Medical  Officer  of  Health  of  the  Council,  or  by  any 
Medical  Officer  of  Health  in  London  (section  5  (1))-  . 

Part  I  of  the  Housing  of  the  Working  Classes  Act,  1890,  applying  equally 
to  Scotland  and  Ireland  as  to  England  and  the  metropohs,  no  special 
remarks  as  to  its  working  in  the  two  former  countries  are  necessary. 


UNHEALTHY  DWELLING-HOUSES. 

The  enactments  dealing  with  this  matter  are  practically  the  Public  Health 
Act  1875  sections  91  to  111,  and  Part  IL,  Housing  of  the  Working  Classes 
Act  1890'  It  has  already  been  shown  (page  854)  that  any  house  or  part 
of  a  house  so  overcrowded  as  to  be  dangerous  or  injurious  to  the  health  ot 
the  inmates,  no  matter  whether  members  of  one  family  or  not  and  any 
premises  in  such  a  state  as  to  be  a  nuisance  or  injurious  to  health,  may  be 
dealt  with  in  any  urban  or  rural  sanitary  district  under  the  provisions  of  the 
Public  Health  Act,  1875,  relating  to  nuisances,  and  if  so  deemed  necessary 
mav  be  closed  as  unfit  for  habitation.  Where  the  only  object  of  a  Sanitary 
Authority  is  to  close  a  house,  either  for  the  purpose  of  checking  over- 
crowding or  to  induce  the  owner  to  make  certain  necessaij  ^^r^P^^^.Vi' 
it,  it  is  generally  better  to  proceed  under  the  provisions  of  the  Act  of  1875. 
But  where  the  authorities  propose  to  go  further,  and  to  take  steps  to  obtam 
the  demolition  of  the  house,  they  must  proceed  under  the  Housing  of  the 

"^l^fnrthfstttl' V,  which  is  applicable  to  all  urban  and  rui^ 

Sanftary  Authorities  in  England  and  Wales  -^/If'  -^"^^^.^^^^^Sca 
modifications,  to  Scotland  and  Ireland  lays  a  definite  duty  upon  the 
Officer  of  Health  to  represent  to  the  local  authority  of  his  district  any 
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dwellmg-house  "which  apj^ears  to  him  to  be  in  a  state  so  dangerous  or 
mjm-ious  to  health  as  to  be  unfit  for  human  habitation  "  (section  30)  He 
may  also  be  moved  to  inspect  and  make  a  representation  by  complaints  in 
wntmg  from  any  four  or  more  householders  (section  31)  (1):  and  in  the 
case  of  an  nrban  district,  should  the  Sanitary  Authority  let  three  months 
pass  away  after  receiving  such  representation  without  doing  anything  the 
householders  may  petition  the  Local  Government  Board  to  hold  L  inquiry! 
and  the  Board,  after  such  inquiry,  may  make  a  bindin-  order  on  the 
authority  (section  31  (2)).    It  is  furtherL  duty  of  the  authority  to  make 

brffiff  r  ^^''^'V'  ^  so  dangerous  or  injurious  to  health  as  t^ 
eftW  i  l^fitation;  and,  if  so  satisfied  that  such  is  the  case,  to 

i  f  Fnm^S:!^^!  ^  ^  magistrate's  order,  under  section 

summon  Irl  .^  ^1  J  premises  m  proper  order,  and,  on  his  failing  to  comply, 
summon,  and  at  the  hearing  ask,  for  the  premises  to  be  closed  (section  32) 
In  connection  with  the  use  of  the  term  "owner"  in  this  Act  reference 
should  be  made  to  the  definition  of  that  term  (page  833),  as  mder  thi  let 
the  Local  Authority  has  only  to  deal  with  freehoMers  and  leaseholders  o1 
other  persons  who  have  at  least  a  twenty-one  years'  interest  in  the  pro^^^^ 

If  the  closing  Order  of  the  Court  is  not  terminated  by  a  further 
declaring  the  dwellmg-house  habitable,  the  Sanitary  AuthoritrC  proceed 
PPort'niwT'v""/"  '^^-^^iti-,  giving  notice^o  o.vne/ oTJa^' and 
tr  Sion  .^'^^  V  "P'^'^^'^l^i^f-^^-  If  upon  the  consideration  of 
expedient  so  to  ^f,^^^''^T"'  ^"^'^^'^  Authority  decide  that  it  is 
wnrK  n^  .  '     ^'  undertakes  to  execute  at  once  the 

orde  f^.  r^'Tr'  ^°^««s  fit  for  human  habitation,  they  must 

th.  L  ^'"^'^^g  (^^^tion  33).    It  may  be,  however  Xat 

the  owner  undertakes  to  execute  the  said  works  If  fhp  ATfi  ? 
order  the  execution  of  the  works  witMn  a  sjSmed  tS^e  an^^^^^^^^^^^ 

A^thont^Ta^'^^"^^  ^'^^ 

the  dp^nr?  of  summary  jurisdiction,  the  Authority  must  order 

vacanTfite  f fT^  *°  ^''^^'^  erected  on  tSe 

a^f?er  nofcl'r^ri.^^n"?'^''  f  ^PP^^^  ^^  e^yln  within  onTmonth 
(section  35)       '""^  ^^'^  ^^'^-^^^         been  served 

twe^b^^Zn^'''''lV^^  interesting  question  of  what  are  known  as  "  obstruc- 

or  ht' frhl-rV^°''  ^^^^^'  ^^'^^""S^        ^  themselves  St 

rnnf.T   fi      ""^'T"'       '°  ^'^""^^^^  that  by  reason  of  their  proximitv  to  or 
LI  in  ""'^'^  ^"^^^^^g^  '^^y  stop  Ventilation,  or  maCZ\uild 

~ng  Zikl^^^^^^^  ^Tof^r  T  '^-^^  '^'^'^^  into  effect  S 
Mecli™  n«r.  fS'  ,i  ,°'  '^^"^  "»sc3,  it  is  the  duty  of  the 
his  R,„it      /  1  '^f'*  '°  "    '8pt«sentation  "  of  the  partLlars  to 

0.  »o,e  XS't  Touseto  S"  r:~e""tirs lanf  Vjf  'T 
must  make  inquiries  as  to  thp  fn.fo     ^      f  !i       'sanitary  Authority 

and  p.,i,  -"do  -  T^M^^ru  tt;' r-d:  t  z 
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A  .1     ;  mi  order  for  the  demolition  of  the  building,  after 

Authority  c^u  make  an        ^  ^«    ^^^^^^j     ,f  his  objections,  and 

giving,  the  ownei  ^^^^^^^  ,^^'^''0 '^'J- ^yhen  such  an  Order  has  been  made, 
subject  to  appeal     Q^^;;  .^^^^^^^^^^^  abandoned,  the  Sanitary 

1  iVhrnwner  DuUs  down  the  obstructive  building;  m  such  case  he  is 
unless  the  owi^i  F^^^  ,  ^^^^      difference  as  to  price  the 

compensated  foi  the  bm^^^^  subsequently  re-erect  an 

rstrii^tf^TbuilSn^^^  vacant  site,  nor  one  tha\  is  dangerous  or 

obstructs  e  t)uiKim„  o  ^^^hority  purchase  land  compulsordy  under 

rr;e"a  p^'S L  can  be  taken      in  the  op™ 

nf  the  arbitrator,  no  material  detriment  will  be  suffered ;  but  in  assessm 

mpenTaU^^^^^  the  part  -d  fls°^^%--XbuilS:rwh^^^^^ 

both  taken  into  consideration.    As  probably  the  value  of  the  budd^g^gv^cli 

previously  had  been  injuriously  affected  by  the  obstructive  ^^^^^l^m^^^^^^ 
increased  bv  the  removal  of  the  latter,  the  principle  of     betterment  is 
adopted  and  a  Local  Authority  may  apportion  the  ^^P^^-^-^^'^/i^^^ 
Sings,  declaring  them  to  be  private  improvement  expenses,  and  levy 

'-''^IZtTZt^r^^^^  by  the  Sanitary  Authority,^  t^^^^^^^^ 
V.«n  the  site  wholly  or  partly  as  an  open  space,  highway,  or  other  public 
pS,  or!  wUh  the  Isen't  of  L  Local  Government  Board,  sell  such  portion 

tctten"  39  "empowrL  Sanitary  Authority  to  prepare  a  scheme  for 
aedicatJ^as  a  hTJrway  or  open  space,  or  W-priatog  or 
the  erection  of  working-class  dwellings,  the  site  of  any  building  oiaejea  m 
to  deS^o  .shed  under  this  part  of  the  Act,  if  it  appear  to    hem  that  it 

It  must  be  noted  that  in  this  case  under  Part  II.,  t^e  petition  m  eve,j 

^tist— 4   pf  ?f ihs; 

+,•^,,0     Tr.  tl-.P"?p  Orders  the  Local  Government  boaia  must  requnc 
tions.    I^/h^^^.^'^^fL         foj.  the  dAvellinc.  accommodation  of  persons 

7r^trS"=s^\?fytipw~^ 

SS^A^tit;tisT=-oco^e£^^^^^ 

the  Order  in  the  i-^^^-*'  .^nf  LTo  icclr^ot  restricted  to 
;:rSafra:n«L'tftt'!:^^arpa.,a^^^^^^^^^ 

or  if  he  petitions  and  then  withdraws  it,  the  "°n«'"^^^^^^^^^^^  1,^ 

Part  I.,  and  in  the  case  of  small  areas  f^^^'^.y  ^^^^^^^  scheme 

r;g^r:?tttgt:irfW^^^^^ 
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ttl'nn^i  ^/f?^  Authorities  in  respect  of  the  matters  which  it  is  the  aim  of 
men  °^       "^''^^S  1890,  to  remedy 

^^/"^  representation  has  been  made  under  Part  II    or  a 

SSs   but  Authorities,  the  Metropolitan  Borough 

forrrdNo  \h.i    ^^^^^  Sanitary  Authorities,  save  those  named,  mifst 

'ir  -'^^^^^^^^ 

under  Part  II  Ttl.eV  tWnk  fi,  ^  °°T''  ""^  ^"l'™'' 

to  order  a  oontriLS  ta^ tS' Z  ricTLZ  V^U!::  SThT'"'^ 

»i?-m£JES~ 

Ka„d-S^^^^^^^^^^ 

Ireland.    Where  notices  are  pubhshed  h^^Trt  7     J   ?°  ^""^  ^PP^^ 
the  same  in  Ireland  must  ^Vp'^ISte^'L^fS^^^^^^  ^^S^-^' 

LODGmG-HOUSES  FOE  THE  WORKING  CLASSES. 

sepal^eh~^^^^^^^^^^                       *Y  ^^^^^^^^  ^^^d- 
0/ several   tenement  °  The  to^^  '7^'' 

Authority  depends  upon  the  ;oC  eTnW  t  ^ar^  )V  S^"'*"'^ 

of  the  WorW  Classes  Art  1  Ron     a  °^       Hons  ng 

Act  is  that  it  is^"  adoptTve^' a^^^^^^^^^  "^^^  P^^t  of  the 

has  been  adopted  b?  the  Sanitarv  A        >     T  ^''^'''^  it 
only  be  adopted  afte/a  Vocal  TnSybv  r  *^-    ^."^  n ^^'^'^^^^ 

cate  that  "accommodation  for  Ihe^oL      of  '  ^^^^^fi' 

that  there  is  no  nrobabilitv  ^h.T      ,  ^^"S  of  the  poov  is  necessary,  and 

without  the  execut^  n  of  t^pttfThe^  ^«  P-^-^^d 

S^Kt:2^-t^rS 

tion."    in  urban  ^istrii^r  ^ ^l^^^^^^ 
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sanction  of  the  Local  Government  Board.  In  the  city  of  London  the 
adm  ntoti^  of  this  and  other  parts  of  the  Housing  of  the  W  W 
Cksses  Act  1890,  is  vested  in  the  Commissioners  of  Sewers.  Outside  the 
S  in  t^e  metropolis,  the  administration  of  Part  III.  is  vested  m  the 

^'"SlvS'ad^^^^  Part  III.  of  the  Act,  the  Sanitary  Authority  is  em- 
powered to  purchase  or  rent  land,  or  to  appropriate  any  lands  for  the  time 
to  vested  in  them  or  at  their  disposal,  and  on  such  land  to  erec  any 
Sings  suitable  for  lodgings  for  the  working  classes,  and  to  convert  any 
buildings  into  lodging-houses  for  those  classes.  They  may  also  contract  for 
S  purfhase  or  lelse  of  any  lodging-houses  for  the  working  fsses  ahe^^^^^^^ 
or  hereafter  to  be  provided,  and  also  seU  any  land  vested  m  them  for  these 
purposes,  and  apply  the  proceeds  in  or  towards  the  purchase  of  other  more 

^^^th:  'Z^^"ll^^nX^^^^  thus  established  or  ac,uired  is  vested 
in  the  Local  Authority,  who  may  make  reasonable  charges  for  the  tenancy 
or' occupation  (section  61).  The  Authority  may  also  make  bye-laws  for 
tie?r  management  and  use  it  being  obligatory,  except  m  the  case  of  bdging- 
houses  occupied  as  separate  dweUings,  to  make  provision  in  the  ^Je-l^ws  f °r 
the  foUowiig  purposes  :-"(l)  For  securing  that  the  lodgmg-houses  shall 
be  under  management  and  control  of  the  officers,  servants,  or  others 
appointed  or  employed  in  that  behalf  by  the  Authority.  (2)  For  seci^mg 
the  due  separation  at  night  of  men  and  boys  above  eight  years  old  from 
women  and  girls.  (3)  For  preventing  damage,  disturbance,  or  interruption 
and  indecent  or  offensive  language  and  behaviour  and  ^^^^^^J^f  ^;  /^^^ 
determining  the  duties  of  the  officers,  servants,  and  others  appointed  by  the 

^""^h^lloi^^^ollh  are  cUstinctly  for  the  working  classes,  and  not  to  be 
used  brpersons  tn  receipt  of  parochial  relief     This  reM,  -^J- — 
or  temporary  iUness,  disqualifies  a  tenant    section  63).  Lodgmg-houses 
Sblished.  are  to  be  at  all  times  open  to  inspection  by  the  officers  of 
the  Sanitary  Authority  of  the  district  (section  70).  ,  j  •  „ 

Threxpenses  of  urban  Sanitary  Authorities  in  supplymg  these  lodging- 
houses  will  be  borne  out  of  the  rates.    Those  of  rural  Sanitary  Authori- 
^irare  to  be  defrayed  as  special  expenses.on  the  ^ 
respect  of  which  they  are  incurred;  or  m       ^J^^         '  S^^^ 
dpfraved  as  creneral  expenses  in  the  execution  of  the  Public  Heaitli  Acts 
andTf  they'^are  not  to  be  borne  by  the  whole  of  the  district,  they 
be  paid  out  of  a  common  fund  to  be  raised  in  the  manner  provided  by 
Jhe'public  Health  Act,  1875,  section  229.    If  after  y-^J-  ^i^ 

Sanitary  Authority  find  these  lodging-houses  too  expensive  tW  maj  s^^^^ 
thPTT,  in  the  case  of  urban  authorities,  with  the  consent  of  the  Local 
Oov'mlnrBoard,^^^^  in  the  case  of  rural  authorities,  with  the  consent 

"^^"^  Part  IIL  of  the  Act  to  Scotla^^^^^^^^^^^ 

casl  of         iW  and  urban  districts  before  these  lodging-houses  can  be 

^""inteland,  the  appHcation  and  operation  of  Part  III.  o^^^^^^^J^ 
the  Working  Classes  Act  as  regards  urban  Sanitary  Authorities  p^^^^^^^^^^^^ 
dentical  with  its  adoption  in  England.    There  is  this  ^iffemice,  how^^^ 
tLt  the  consent  of  'the  Treasury,  instead  of  the  consent  «    the  L^^^^ 
(Government  Board,  is  required  to  the  appropriation  of  anj  lodgmgno 
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purchased  or  taken  on  lease,  and  to  the  sale  and  exchange  of  lands  The 
Commissioners  of  Public  Works,  acting  with  the  consent  of  the  Treasury 
may  advance  money  for  the  purposes  of  the  Act,  and  favourable  terms  have 
been  laid  down  by  the  Treasury.  The  operation  of  Part  III.  of  the  Act  in 
rural  districts,  is  practically  hmited  to  municipal  towns.  Its  general  adop- 
tion by  purely  rural  authorities  is  rendered  unnecessary  owing  to  the  special 
S  1  on""!  ^^^'^^  hJ^^  Labourers  (Ireland)  Acts  of  1883,  1885, 

1886,  1891  and  1892,  for  the  erection  of  houses  for  agricultural  labourers 
by  any  rural  Sanitary  Authority. 

These  Acts  define  an  agricultural  labourer  to  mean  "a  man  or  woman 
who  does  agricultural  work  for  hire  at  any  season  of  the  year  on  land  of 
some  other  person  or  persons,  and  includes  hand-loom  weavers  and  fishermen 
doing  agricultural  work  as  aforesaid,  and  also  herdsmen."    The  general 
Tn?t}.      v't  Acts  amounts  to  this;  that  any  twelve  persons,  whether  rated 
for  the  relief  of  the  poor  or  not,  provided  that  if  not  so  rated  they  are 
agricultural  labourers  withm  the  meaning  of  the  Acts,  and  are  employed 
m  the  district  at  the  date  of  the  representation,  may  represent  to  a^Ll 
Sanitary  Authority  that,  m  the  portion  of  the  district  in  which  they  reside 
the  existing  house  accommodation  for  agricultural  labourers  and  their 
families  IS  either  deficient  or  unfit  for  human  habitation.    If  the  Sanitary 
Authority  are  satisfied  of  the  truth  of  the  representation,  and  of  the 
thfTZ7     f'/^'^^'''^'        are  to  make  an  "  improvement  scheme  "  for 
he  erection  of  dwellings,  with  garden  aUotments  thereto  not  exceeding  one 
statute  acre.    The  subsequent  procedure  for  obtaining  sanction  to  the 
cheme  is  very  similar  to  that  of  the  English  Act  of  1890.  ParHamentary 
confinnation  of  provisional  Orders  is  umiecessary ;  they  become  absolute  ?f 
no  petition  is  lodged  against  it  within  one  month  after  the  maHng  and 
pubhcation  of  the  Order  by  an  owner  or  occupier  of  land  proposed  to  be 
taken  compulsorily  or  by  twelve  ratepayers  in  any  area  of  cLrge  Iclared 
by  the  Order  to  be  chargeable  with  the  expenses  of  the  scheme     If  a 
petition  be  lodged,  the  objections  to  the  Ordet  are  adjudicated  upon  by  the 
Lord  Lieutenant  m  Council,  who  has  power  to  confirm,  modify  or  to 
disallow  any  provisional  Order.  muuuy,  or  lo 
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^^^i^T'  ^  ^^""^^  ^""^  '^"^1  ^ave  already  been  given.  The 
legislation  which  contro  s  the  sanitation  of  the  large  floating  population  on 
the  canals  is  the  Canal  Boats  Acts  of  1877  ancf  1884.     These  Acts  are 

th?n,ri.       '  *°  the  foHowing  reZrkt  when 

he  number  of  a  section  is  quoted,  unless  expressly  stated  to  be  othmvise 
such  numbering  refers  to  the  Act  of  1884  ocnerwise, 

^.Jl^  li^''*!  s"P«,rvision  of  the  canal  boats  is  placed  under  everv 
Sam  ary  Authority  through  whose  district  a  canal  takes  its  courTor  wS 
has  a  piece  of  water  coming  under  the  definition  of  the  word  cana7  ^see 

„„,l!!°.lf T!f       """"PM  as  a  dwelling  unless  it  is  rerislered 

number  ofUns  „,  tlrfgetl 
^ith  an,  .egist..i„n^A„.l,„titt™ni'„  SieTaZt^g  ^^^^l 
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wMch  such  boat  is  accustomed  or  intended  to  ply;  and  the  boat  must  be 
eSered  as  belonging  to  some  place  which  is  within  the  said  distric 
^section  7)  When  the  boat  passes  from  the  canal  on  which  the  district  of 
he  Authority  with  whom  it  has  been  registered  abuts,  its  origma  registry 
wni  be  recocrnised  as  operative  on  other  canals  whereon  it  may  ply.  If  a 
Tanal  boat  is  used  in  contravention  of  the  Acts,  the  master  of  the  boat,  and 
aLo  the  owner,  if  he  is  in  fault,  wiU  be  each  liable  to  a  fine  not  exceeding 
90s  for  Teh  occasion  on  which  the  boat  is  so  used.  Directly  a  canal  boat 
ceases  to  be  nhabited,  it  is  no  longer  subject  to  the  Canal  Boats  Acts.  Upon 
r:  istration,  two  certificates  must  ^e  given  to  the  cnvn^^^^^^^^^^^^^  J 


Sr  anTarbrar  and  stating  thence  to  which  it  belongs,  and  the 
number,  age,  and  sex  of  the  persons  allowed  to  dwel  in  the  boat  ihe 
master  of  the  boat  must  carry  one  of  these  certificates  (section  3  .    A  boat 


master  oi  me  uum  muou  ^aii.j    v  ,  {  ^  

cannot  be  considered  to  be  registered  unless  it  is  marked  with  (a  he  name 
of  the  place  to  which  the  boat  belongs;  (h)  the  number;  (c)  the  wo  d 
"registered,"  thus,  "No.  129,  Hanley,  Registered."  Further  a  boat  w  U 
not  be  deemed  to  be  lettered,  marked,  and  numbered  m  conformity  with 
these  requirements  unless  it  is  so  lettered,  marked  and  numbered  on  both 
sides  of  it,  or  in  some  suitable  position  plainly  visible  from  both  sides  of  the 
boat  (section  7).  A  certificate  of  registration  wUl  cease  to  be  in  force  m 
the  event  of  any  structural  alterations  having  been  made  m  the  canal  boat 
affecting  the  conditions  upon  which  it  was  originally  registered  (section  1). 

If  any  person  on  a  canal  boat  is  suffering  from  an  infectious  disease,  the 
Sanitary  Authority  of  the  place  where  the  boat  is  shall  adopt  ^fich  precau- 
tions as  appear  necessary,  upon  the  certificate  of  the  Medical  Officer  of 
Health,  or  other  legally  qualified  practitioner;  f  ^  «iay  remo.^  such  sick 
person,  and  exercise  the  other  powers  conferred  by  the  Public  Health  Act, 
1875,  in  this  respect,  and  may  detain  the  boat  as  long  as  is  necessary  tor 
cleansing  and  disinfecting  (section  4,  Act  of  1877).  H  any  person  duly 
authorised  by  the  Sanitary  Authority  has  reason  to  suspect  any  contraven- 
tion of  the  Act,  or  that  a  person  on  board  is  suffering  from  an  infectious 
disease,  he  may  enter  the  boat  for  the  purpose  of  inspection  between  b  a  m 
and  9  P.M.,  and  may  require  the  master  or  whoever  is  in  charge  of  the  boat 
to  afford  him  facilities  for  so  doing,  and  to  produce  the  certificate  of  registry 
of  the  boat  (section  5,  Act  of  1877). 

Section  2  of  the  Act  of  1877  directs  the  Local  Goveniment  Board  to 
make  regulations  :  (i.)  for  the  registration  of  canal  boats  ;  (u.)  for  lettermg 
marking!  and  numbering  such  boats;  (iii.   for  fixing  ^^^^^'l^^re 
sex  of  persons  who  may  be  allowed  to  dwell  m  a  canal  boat,  l^av^^g  re 
gard  to  the  cubic  space,  ventilation,  separation  of  the  sexes,  geneial  healt  i- 
ness,  and  convenience  of  accommodation ;  (iv.)  for  promoting  c  ^anhn^^^^^^^^^^ 
habitable  condition  of  such  boats;  and  (v.)  for  preventing  the  spread  of 
infectious  disease  by  canal  boats.  r\  a^^  i-n  1^7?, 

In  pursuance  of  the  above  powers,  the  Board  issued  an  O^'^er  18^^ 
prescribing  a  series  of  regulations  which  are  still  m  force.    The  following  is 
a  summary  of  their  principal  sanitary  provisions  :— 

There  must  be  at  least  one  dry,  clean  and  weather-proof  cabin  in  good  rep^^^^  An 
after-cabin,  intended  to  be  used  as  a  dwe  hng  must  contain       /^^^  ^  Zlms  of" 

of  free  air  space,  and  a  fore-cabin  80  cubic  feet  ;  every  f '^^f^^i"  .^'adeauate  s^i 
ventilation  besides  the  door,  and  must  be  so  constructed  as  to  p'ovide^^^^^^  g 
accommodation.    One  cabin  must  contain  a  stove  ^"J.  ^   3  J^^'^^^^^^^^ 
,  ^  pn     furnished  with  suitable  storage  for^gB^Hf^?  f  ^^^er.  .abin  by  a  doub  e  bulk- 

-  for  foul  cargoes,  the  hold  '""^^^^^'''11.  ^11'^  S  the^^^^^  water- 
head  with  an  interspace  , of  4  inche?,  and  the  ^"^^V  ^fp.^^^^  over  twelve 
tight.  Not  less  than  60  /ubic  feet  of  air  space  must  be  allowed  for  each  pei  son  ovei 
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years  of  age,  and  not  less  than  40  cubic  feet  for  each  person  under  that  age.  In  fly- 
boats  worked  by  shifts,  a  cabin  occupied  at  the  same  time  by  two  persons  must  have  a 
capacity  ol  180  cubic  feet.  A  cabin-in  which  a  married  couple  sleep  must  not  be  occupied 
at  tne  same  time  by  any  other-male  above  14,  or  female  above  12  years  of  age.  Males 
above  14  and  females  above  12  years  of  age  must  not  occupy  the  same  sleeping  cabin  at 
tlie  same  time,  but  reservation  is  made  for  married  couples,  and  also  (under  certain 
conditions)  in  respect  of  boats  constructed  pYior  to  1878.  The  interior  of  the  cabin  must 
be  repainted  every  three  years,  and  must  be  kept  clean.  Bilge  water  must  be  pumped 
out  daily,  ihe-master  of  the  boat  must  at  once  notify  the  occurrence  of  any  case  of 
inlectious  disease  on  the  boat  to  the  Sanitary  Authority  of  the  district  through  which 
the  boat  may  be  parsing,  and  also  to  the  Sanitary  Authority  of  the  place  of  destination  : 
he  must  also  inform  the  owner,  who  is  required  to  notify  to  the  Sanitary  Authority  of 
til  l  ^'^t  ''^^""g^-     If  the  boat  is  detained  by  the  Authority  for 

theC  W  W    1  f'!?'^^?  Authority  must  obtain  a  medical  certificate  that 

the  boat  has  been  cleansed  and  disinfected,  and  shall  cause  such  certificate  to  be  delivered 
T^P  Wf  A  .1^^  ^r*'  cannot  proceed  until  that  certificate  has  been  obtained. 
Itie  banitary  Authority  may  pay  a  reasonable  remuneration  for  any  such  certificate. 

1  -1?^  f-^*^  contain  special  provisions  with  respect  to  the  education  of 
cluldren  hving  in  canal  boats,  and  enable  the  Education  Department  to 
make  regulations  on  this  subject  (sections  6  and  12,  Act  of  1877).  Section  4 
ot  the  Act  of  1884  requires  the  Local  Government  Board  to  make  inquiries 
irom  time  to  time,  by  an  inspector  or  inspectors,  speciaUy  appointed  for  the 
purpose,  as  to  the  working  of  these  Acts  and  Regulations,  and  to  report 
aimually  thereon  to  Parhament.  o  , 

So  far  as  their  parishes  and  districts  are  not  within  the  jurisdiction  of 
the  Port  Sanitary  Authority  for  the  Port  of  London,  the  Borough  Councils 

1        •   .1  the  purposes  of  the  Canal  Boats  Acts,  1877  and 

lo»4,  in  the  metropolis. 

MOVABLE  DWELLINGS  OTHER  THAN  CANAL  BOATS. 
thJ^^'^  j'v         ^^^f  1«  population  who  occupy  "movable  dwellings  other 

and  whose  conditions  of  life  are  often  a  menace  to  the  Public  Health 
These  individuals  are  for  the  most  part  of  the  so-called  gipsy  class,  wHle  at 
certain  seasons  of  the  year  their  numbers  are  materially  increased  byXrs 
S?'?r  ^f^^^-        ''^'^     ^-^trol  the  sanitationVf  th 

2Zr  tt%^W^''i^7^^T^^  Authorities  possess  certain  powers 

under  the  Public  Health  Act,  1875,  under  the  unrepealed  9th  and  10th 

PulrHtlth^?'Tp^  f  the  Working  Classes  Act,\885,  and  under  tie 
-t-ubhc  Health  (Fruit-Pickers'  Lodgings)  Act  of  1882 

th.,fT,^  the  Housing  of  the  Working  Classes  Act,  1885,  provides 
(exclulvrnf  T'  I'  structure,  used  for  human  habitation 

Wp,N    \  I         "'^       ^  «^  Her  Majesty's  military  or  naval 

forces),  which  is  in  such  a  state  as  to  be  a  nuisance  or  injurious  to  heallh 
^l^t'^     so  overcrowded  as  to  be  injurious  to  the  health  of  the  inma  e  ' 

S  th?r  """""^r  'i'^^'T'  ^^^^^y'  ^^^11  ^«  ^-"^-^d  to  be  a  nuisance 
withm  the  meaning  of  section  91  of  the  Public  Health  Act,  1875  and  the 
provisions  of  that  Act  shall  apply  accordingly.    By  section  10,  any  Sanitary 

4  rtT./  "^^^J^^^'  ^yrt'''  t°  habitations.    Power  of 

entry  between  6  a.m.  and  9  p.m.  is  given  to  any  person  duly  authorised  by 

ll  T.*^'^'^^*^^"'''^^  ^  J^^^tice  of  the  Peace,  if  such  lirson  lias 

rea  enable  cause  to  suspect  any  contravention  of  the  A^t,  or  of  any  bye-law 

STv  dZ  '^T        ^"^^  ^^^l^i*^ti«'^       Person  suffering  ftm 

any  dangerous  mfectious  disease.    If  any  such  person  is  obstructe.1  hi  the 
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performance  of  liis  duty  tinder  the  above  provisions,  the  person  obstructing 
him  will  be  liable  on  summary  conviction  to  a  fine  not  exceeding  40s. 

As  regards  the  accommodation  and  lodging  of  hop  and  fruit  pickers  every 
Sanitary  Authority  has  power  under  section  314  of  the  Pubhc  Health  Act, 
1875  to  make  bye-laws  for  securing  the  decent  lodging  and  accommodation 
of  persons  engaged  in  hop-picking  within  the  district  of  such  authority. 
This  power  has  been  extended  by  the  Fruit-Pickers  Act  of  1882;  so  as  to 
enable  the  same  authorities  to  make  bye-laws  for  securing  decent  and  proper 
accommodation  and  lodging  of  those  engaged  in  the  picking  of  fruit  and 

veg^able^^  proper  control  and  regulation  of  the  tents,  sheds,  barns,  or  other 
places  occupied  as  temporary  dwellings  by  hop-pickers  and  others,  but  not 
of  places  inhabited  throughout  the  year,  the  Local  Government  Board  have 
suggested  Model  Bye-laws.    Of  these,  the  following  is  a  brief  summary  :— 
(a)  The  habitations  must  be  clean,  dry,  weather-proof  ventUated    and  lighted^ 
(lA  At  least  16  square  feet  of  floor  space  must  be  allowed  m  them  for  each  adult 
Sd  for  ^ery  two^children  under  ten  years  of  age.    (c)  When  intended  for  the  reception 
of  adults  of  dififerent  sexes,  the  habitations  must  be  so  furnished  or  provided  that  every 
beS  proVr  y  separated  from  any  adjoining  bed  by  a  suitable  screen  or  partition  o 
secure  IdeLJe  privacy  to  the  occupants,    {d)  There  must  be  a  separate  cooking-place 
revery  fifteen  Jersonl  authorised  to  be  received,    (e)  There  must  be  a  sufficien  supply 
of  good  water  for  drinking,  cooking,  and  washing     (/)  There  must  be  adequate  pnvy 
accommodation  for  the  separate  use  of  each  sex.    (g)  Every  lodger  or  occupant  sha  1  be 
SrovidTd  with  a  sufficient  supply  of  clean  dry  straw,  or  other  clean,  dry,  and  suitable 
bedding  which  must  be  chan|eTor  properly  cleansed  from  time  to  time,  as  occasion  may 
reoSre    T/^  Every  part  of  the  interior  of  the  premises,  the  cook-houses,  and  privies 
mus  b;  tl  o  oigh  y  cleansed  immediately  before  any  person  is  received  to  lodge  therein 
?hT  internal  surfaces  limewashed,  and  all  ofTensive  accumulations  cleared  away  ;  th^ 
cfeanJnTand  iVmewashin    must'be  done  at  least  annually,  and  repeated  as  required 
from  time  to  time  during  the  period  of  occupation. 

In  the  MetropoHs,  the  various  Sanitary  Authorities  have  similar  powers 
and  duties  to  those  of  other  authorities  in  England  and  Wales  ui /elation  to 
tents,  vans,  sheds,  or  other  similar  structures  used  for  human  habitations, 
but  their  action  in  this  matter  wiU  be  taken  by  applying  section  95  of  the 
Pubhc  Health  (London)  Act  of  1891,  read  in  conjunction  with  section  9, 
Housing  of  the  Working  Classes  Act,  1885.  .  .    ^  ^  ■  n^ 

As  recrards  Scotland  and  Ireland,  these  provisions  of  the  Working  Classes 
Act  are  °of  very  doubtful  application ;  while  those  of  Enghsh  Statutes 
dealing  with  hop  and  fruit  pickers'  lodgings  do  not  apply. 
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In  England  and  Wales.-The  Public  Health  Act,  187  5,  and  the  Amend- 
ment Act  1890,  give  Sanitary  Authorities,  especiaUy  urban  Authorities 
^nd  si^h  rural  Authorities  as  have  obtained  urban  powers  considerable 
control  over  the  arrangements,  construction,  and  planning  of  streets  and 
buildintrs  within  their  districts.  .  j  •    +1  „ 

ZlllAot  of  1875  all  pubhc  streets  in  urban  districts  are  vested  ui  the 
SanZy  Authority,  who  mist  cause  them  to  be  leveUed,  paved,  and  repaired 
^  ocSot  may  re'quire  (section  149).  All  owners  of  P-l-;^^  f  ^^^^^^^^^^^^^^^^ 
any  private  street  or  part  of  a  street  may  be  required  by  ^ 
to  level,  pave,  sewer,  light,  or  make  good  such  street  or  part  of  a  street  and 
n  case' of  d'efault  'the  Sanitary  Authority  may  ^^^^  j^^^^^t;  ;^ 
recover  expenses  from  the  owners  according  to  the  frontage  of  theij  respec^ 
tive  premises  (section  150).    Section  157  of  the  same  Act  enables  e^ery 
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urban  Authority  to  make  bye-laws  with  respect  to  the  structure  of  walls, 
foundations,  roofs,  and  chimneys  of  new  buildings  for  securing  stability' 
and  the  prevention  of  fires,  and  for  purposes  of  health,  and  with  respect  to 
the  sufficiency  of  the  space  about  buildings  to  secure  a  free  circulation  of  air 
^^sp^ci'  to  the  ventilation  of  buildings.  For  the  purposes  of  the 
Act  the  re-erection  of  any  buHding  puUed  down  to  or  below  the  ground  floor, 
or  the  conversion  into  a  dwelling-house  of  any  building  not  originaUy  con- 
structed for  human  habitation,  or  the  conversion  into  more  than  one 
dwelling-house  of  a  building  originally  constructed  as  one  dwelling-house 
only,  sliaU  be  considered  the  erection  of  a  new  building. 

These  powers  have  been  extended  by  section  23  of  the  Public  Health 
Acts  Amendnient  Act,  1890,  so  as  to  enable  any  urban  Sanitary  Authority 
to  make  further  bye-laws  concerning  new  buildings  upon  the  followin<^ 
points:— (a)  adequate  water-supply  to  closets;  (b)  construction  of  floors! 
Hearths,  and  staircases ;  (c)  height  of  rooms  intended  for  habitation:  (d) 
paving  of  yards  and  open  spaces  in  connection  with  houses  :  (e)  provision  of 
secondary  approaches  to  houses,  for  the  purpose  of  removing  refuse.    It  is 
further  provided  that  bye-laws  respecting  closets  and  drainage  may  be  made 
apphcable  to  old  as  well  as  new  houses.    Similar  power  of  framing  and 
enforcmg  bye-laws  for  each  of  the  above  purposes,  with  the  exception  of 
the  prevention  of  fires,  has  been  given  to  rural  Authorities  adopting  Part 
111.  of  the  Act.    Apart  from  this,  however,  the  Local  Government  Board 
can,  as  already  stated  grant  full  urban  powers  to  rural  Authorities.  This 
same  section  23  enables  any  Sanitary  Authority  to  make  bye-laws  to  prevent 
wiTl??-ff?'^/''  accordance  with  bye-laws  from  being  altered  in  such 
way  that  if  at  first  so  constructed  they  would  have  contravened  the  bye-laws 

T-""^  ^^^^  ('^'^t^^^^  25  and  24)  prohibit  any 

vplf  w  ''""^  "P°^  impregnated  with  animal  or 

■  if  in  I  A  .^f  P^°P^%  r«°^o^ed  or  has  become  innocuous.  Similarly, 
,  no?  ^'f       ^""^  P°'*^°^  °*  ^         i«  immediately  over  any  privy 

not  being  a  water-closet  or  earth-closet),  cesspool,  midden,  or  ashpit  it  is 
megal  to  occupy  it,  or  sufi-er  it  to  be  occupied,  as  a  dweUing-pTace 

itr'drr^KT'  Z  P'^'^f  f  enactment  t  tha  bS- 

?o?bf  n  ed      '"".^'^"f'^  P^'^^«,  otherwise  than  as  dweUing-'houses  must 

tthe  excentinn  fW  %      \   b  Provisions  are,  however,  subject  to 

rclSv  ^^^.].ny  ^  rear  thereof,  and  adjoining  and 

.exclusively  belonging  thereto,  such  an  open  space  as  is  required  b?  Act 

■^uildLJsTt    r^^"/'"  time  beini  in  force  with  respfct  to 

ast         T,  !  ^«  dwelling-houses,  and  if  such  part  of  the 

strSal  alTp^Hn  ^e  used  as  a  dweUing-house  has  undelgone  such 

i-itTfr^^^^^^  Sanitary  Authority,  render 

■  or  waU  t'^'n  r  fr*^'^  Authority,  if  satisfied  that  any  buUding 
■Wte/of  .  \T'''''^''?*''°^l*''  ^«  dangerous  to  passengers  or  to  the 
-  orp.  fl    ^^^ghbouring  houses,  shall  cause  a  fence  to  be  put  up,  and  shall 

Sailt  rhp'T^^"'^""^  P^^l^  down  such  buildfng  rand  Tn 

i'the  nil  ^  j^^tice's  order  to  carry  o^^ 

the  necessary  works,  and   may  recover   the  expenses.    The  AuthoX 

I  tmp^rove^ert  "^^^^^  f     f'^'^'l  eaves-gutters  and  rain-pipes  (Town 

160)  '  P^^"-^  Health  Act  1875, 
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For  the  guidance  of  Sanitary  Authorities  in  framing  bye-laws  in  respect 
of  new  streets  and  buildings,  the  Local  Government  Board  have  issued 
Model  Bye-laws ;  of  these  models  the  foUowmg  is  a  summary  :— 

(a)  No  new  street  must  be  less  than  36  feet  wide,  if  it  exceeds  100  feet  in  length  or 
is  intended  to  be  a  carriage  road :  nor  less  than  24  feet  in  any  case.    One  end  at  least 
must  Kuite  open.    (6)  No  buildings  must  be  erected  upon  soil  polluted  with  animal 
r^etable  matter.    Wtes  in  low  aSd  damp  situations,  near  rivers      in  excav^^^^^^^^^^ 
must  be  elevated  artificially.     The  site  of  a  nevy  house  must  be  e°t/rejy  asphalted 
or  covered  with  6  inches  of  concrete,   (c)  Walls  of  all  new  buildings  must  be  constmcted 
of 'ood  bricks,  stone,  or  other  hard  and  incombustible  materials,  P^-opei'ly  bonded  and 
skdTy  put  together 'with  good  mortar  compounded  of  good  lime  and  cj^^^  «Jl^^P^«,^^J 
or  oth^ei^suitabi  material,  or  with  good  cement  or  with  good  cement  mixed  w^th  e  e 
sharp  sand.    Every  wall  must  have  a  proper  damp  course  of  durable  and  imperv  ous 
material  beneath  the  level  of  the  lowest  timbers  and  at  least  6  ^^^^^^  .^^^^^^^/^^f  ^^si 
If  the  gi-ound  is  to  be  in  contact  with  a  wall  above  the   eyel  of  ^f, j^^^ 

storey,  that  wall  must  be  made  double,  with  a  cavity  2i  inches  wide  extending  from 
the  base  of  the  wall  to  6  inches  above  the  surface  of  the  adjoining  ground  ;  and  damp 
courses  must  be  inserted  both  at  the  base  of  the  wall  and  at  the  level  of  the  top  of  the 
cavity.    The  minimum  thickness  of  the  wall  of  a  new  house  « ^ould  be  as  follows  .- 

Where  a  wall  is  not  over  25  feet  in  height,  if  t  does  ^^^''^^^'^ .^^  ^^f^  l^^^l  i^til 
does  not  comprise  more  than  two  storeys,  it  shall  be  9  inches  for  its  height  but  it 
it  do  comprise  more  than  two  storeys,  or  exceed  35  feet  m  length  it 
below  the  topmost  storey,  and  9  inches  for  the  rest.  Where  walls  */\°J„^^,25^  feet  high^ 
and  not  exceeding  35  feet  in  length,  they  should  be  13i  inches  thick  below  the  topmost 
storey,  and  9  inches  for  the  rest ;  but  if  they  be  longer  than  35  feet,  tji^",^,  £ 
18  inches  thick  for  the  height  of  one  storey  then  _13i  inches  thick  for  the  rest  of  the 
height  below  the  topmost  storey,  and  9  inches  thick  for  the  rest  °f  ^^^/.^^f  ,  ^I^r 
over  35  feet  high  must  be  18  inches  thick  for  the  first  two  storeys,  ^^^^/Ji  inches  for 
the  rest.    If  over  50  feet  in  height,  walls  should  be  22  *  f°'tf/,,^^'frthe 

one  storey,  then  18  inches  for  the  next  two  storeys  and  fina  ly        f*^^^  "le  rest  ot  tue 
height.    Party  walls  must  be  carried  up  at  least  15  inches  above  the  i°°f. 
to  be  measured  at  right  angles  to  the  slope  of  the  roof,    {d)  Roofs  must  ^e  made  of 
incombustible  materials,  and  provided  with  gutters  leading  to  ^-^^^-P^P^^-  . ^ J,  ^..^^"^ 
house  must  have  along  its  whole  frontage  an  open  ^pace  measuring  at  least  ^^^^ 
the  boundary  of  any  land  or  premises  immediately  opposite  or  to       opposite  side  ot 
the  street.    In  the  rear  there  must  be  an  open  space  exclusively  belonging  to  the  house 
at  least  150  square  feet  in  area,  and  free  from  any  erection  above  tWi«^°f  ^^^^ 
a  closet  and  an  ashpit ;  the  open  space  must  extend  along  the  «f 'f  °^ i^^^f^^i^^ 

and  must  measure  in  no  case  less  than  10  feet  from  every  part  of  the  ba^k  waU  ot  the 
house;  if  the  house  is  15  feet  high,  the  distance  "ijift  be  ^5  feet ;  if  25^^^^^^^^ 
feet ;  and  if  35  feet  or  more,  then  25  feet  at  least      /)  If  the  floo^f  t^^e  lowest  storey  is 
boarded,  there  must  be  a  clear  space  of  at  least  3  inches  between  t^«  ^°^™\Xtable 
impervious  covering  of  the  site,  and  the  space  must  be  jentllated     g  Eveiy  habitab  e 
room  must  be  provided  with  windows  opening  directly  1^*°  ^^^f  !^,iJow 
window  area  must  beat  least  one-tenth  ot  the  floor  area  ^ll^^f^J^^^^^T^t, 
must  be  made  to  open,  and  it  must  open  at  the  top.    Eveiy  habita^^^^  anertuVe  or 
further  either  have  a  fireplace  and  chimney,  or  a  special  ventilating  apejrare  or 
li  shaft  wTth  an  unobstrucLd  sectional  area  of  at  least  ^Z^'^^^^t..^^^^^^^^^^ 
building  must  be  provided  with  adequate  means  of  ventilation,  and      f  ^cure  tuis^  ^ 
fai  as  d^velling-rooms  in  general  are  concerned,  the  i^'per 
every  part,  ex^cept  in  attics  used  as  bedrooms  when  a  rainunmn  height  of  5  p 
mittid,  if  in  two-thirds  of  the  area  the  height  is  not  ^^ss  than  9  feet 

The  provisions  as  to  closets,  privies,  ashpits,  and  cesspools  g^^^  "V^'^'f 
laws  have  already  been  detailed  on  page  888    They  are  "^tendej  to  spe^ally  apply^ 
new  buildings.    The  same  '^odels  proceed  to  suggest^^^^^^^  turveyordeclarrany 
may,  under  certificate  from  the  Medical  Officer  of  Health  o^  burvey^^  j 
building  or  part  of  a  building  e/^ot^d  after  .      .  .  ^^^^^^^J^*^^^^^^  be  given 

it  to   be  closed  until  rendered  fit  for  habitation  Op"';" 

to  the  owner  to  show  cause  why  such  order  should  J^ot  ^«  "^f  ^-ji  proposed  new 
sections  must  be  submitted  showing  in  detail  .tb V°f 

streets  or  buildings.    (The  Authority  must  ,«^g'"fy  t^^! ^P?!,^^^       1875.\    (j)  Notice 
a  month  after  receiving  them,  by  section  158,  Public  Health  ^ct,  ^8/0  ;  u 
must  be  given  to  the  Surveyor  of  the  dates  "PO'   which  ^  i.tjoi  of 

foundation's  to  be  covered  up  ;  notice  ™^^«t  =^1^°  f  r,^"him  at^^^^^  during 
the  work  ;  while  free  access  for  inspection  must  be  afforded  to  him  at 
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;  the  progi'ess  of  the  work,  (k)  If  any  work  to  which  the  bye-laws  apply  is  done  in  con- 
I  ti-avention  of  such  bye-laws,  the  Sanitary  Authority  are  empowered  to  remove,  alter,  or 
]  pull  down  such  work. 

In  London,  the  control,  regulation,  and  management  of  all  matters 
1  relating  to  the  planning  and  laying  out  of  new  streets  and  the  constructing 
.of  new  buildings  is  governed,  save  in  respect  of  certain  matters  in  connec- 
ttion  with  the  city  of  London,  by  the  provisions  of  The  London  Building 
:Act,  1894.  This  Act  consolidates  and  amends  the  previous  Metropolitan 
1  Building  Acts,  and  also  certain  provisions  relating  to  the  formation  and 
\  widening  of  streets,  the  lines  of  building  frontage,  dweUing-houses  on 
How-lying  lands,  sky-signs,  and  the  naming  and  numbering  of  streets,  most 
iof  which  provisions  were  formerly  included  in  the  various  Metropolis 
:  Management  Acts  and  General  Powers  Acts  of  the  London  County 
(Council.  The  Act  is  not,  in  itself,  an  absolutely  complete  code  regtdating 
Ibuilding  operations  in  London,  as  it  is  still  necessary  to  refer  to  existing 
eenactments  of  the  Management  Acts  for  provisions  as  to  drainage  of 
1  houses,  as  to  the  construction  of  vaults  and  cellars  under  streets,  and 
;ias  to  the  erection  of  hoardings  during  building.  The  sanitary  arrange- 
i:ments  on  houses,  the  construction  of  underground  rooms,  and  the  structure 
oof  premises  in  which  any  offensive  business  is  carried  on,  are  regulated 
I  by  the  Public  Health  (London)  Act,  1891,  and  the  bye-laws  in  force 
; thereunder;  and  in  the  city  of  London,  such  jurisdiction  as  was  exercise- 
aable  by  the  Commissioners  of  Sewers,  under  the  Sewers  Acts  previous  to 
tthe  passing  of  this  1894  Act,  still  remains  in  force. 

The  Commissioners  of  Sewers  are  the  local  authority  within  the  city  for 
tthe  purposes  of  this  Act,  but  the  city  is  expressly  exempted  from  certain 
iprovisions  of  the  Act;  these  are  sections  9  (4)  and  (6),  11  (4)  and  (5), 
■122  to  31,  84,  164  in  part,  165,  and  199,  whereby  the  Commissioners  of 
SSewers  retain  jurisdiction,  within  the  city,  over  the  altering  and  planning 
■  of  streets,  lines  of  frontage,  the  erection  of  hoardings,  dangerous  structures, 
iand  sky-signs,  the  placing  of  lamps,  signs,  or  other  structures  overhanging 
tithe  public  way,  the  making  of  bye-laws  with  respect  to  sites  and  foundations, 
I'prevention  of  fires,  the  materials  of  walls,  and  duties  of  district  surveyors  in 
^^elatlon  to  general  house  construction.  In  respect  of  these  matters,  the 
Sfeewers'  Commissioners  hold  special  powers  under  the  Metropolitan  Build- 
inng  Acts,  1855  to  1882,  and  the  City  of  London  Sewers  Acts,  1848  and 
11851 ;  but,  as  already  stated,  with  these  exceptions  the  provisions  of 
tithe  London  Building  Act,  1894,  apply  within  the  city  of  London  as  in 
•other  parts  of  the  metropolis,  the  Commissioners  of  Sewers  being  the 
!  local  authority  under  the  Act. 

A  considerable  advance  upon  the  previous  legislation  affecting  London 
has  been  made,  in  the  power  given  to  the  County  Council  to  increase 
I  the  width  of  certain  new  streets,  not  within  2  miles  of  St  Paul's  Cathedral, 
trtrora  40  to  60  feet  (section  12),  and  to  refuse,  if  they  think  fit,  to  sanction 
plans  for  streets  formed  for  carriage  traffic  of  less  width  than  40  feet  clear, 
and  those  formed  for  foot  traffic,  less  than  20  feet  clear  (section  9). 
^!5imilarly,  no  new  buildings  shall  be  erected  with  reference  to  streets 
intended  for  carriage  traffic  or  with  reference  to  footways,  unless  their 
^external  wall,  fence,  or  boundary  be  at  least  20  and  10  feet  respectively 
I  trom  the  centre  of  such  street  or  footway  (section  13).    Sections  22  to 
I  31,  which  do  not  apply  to  the  city,  empower  the  County  Council  under 
i-3ertain  conditions  to  move  back  buildings  which  project,  and  to  prevent 
iny  new  buildings  being  erected  so  as  to  project  beyond  the  frontac^e  line  of 
^he  street.    Part  V.  of  the  Act,  or  sections  39  to  52,  contains  provisions 
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with  reference  to  open  spaces  about  buildings,  wliich  are  a  great  advance 
upon  any  previously  existing  law.    The  application  of  the  principle  of 
measurement  by  angles  (section  41)  for  the  purpose  of  determining  the 
heic'ht,  in  relation  to  the  space  required  at  the  rear  of  houses,  is  novel, 
so  far 'as  regards  London,  though  it  has  been  in  operation  in  Liverpool 
under  bye-laws  framed  with  the  sanction  of  the  Local  Government  Board. 
Every  domestic  building  (that  is,  a  building  which  is  neither  a  public 
building  nor  of  the  warehouse  class)  abutting  upon  streets  formed  or  laid 
out  after  January  1,  1895,  must  have  an  open  space  of  an  aggregate 
extent  of  not  less  than  150  square  feet  in  its  rear,  and  exclusively  belong- 
incf  thereto;  this  space  must  extend  throughout  the  entire  -svidth  of  the 
building,  and  be  at  least  10  feet  in  depth  in  every  part.    This  open  space 
must  be  free  from  any  erection  thereon  above  the  level  of  the  adjoining 
pavement,  except  a  water-closet,  earth-closet,  or  privy,  and  a  receptacle 
for  ashes,  and  enclosing  walls,  none  of  which  erections  shall  exceed  9  feet 
in  height.    The  building  itself  may  be  erected  to  a  height  equal  to  twice 
the  wfdth  of  the  open  space  provided  at  the  rear  of  the  building,  but  an 
increase  of  height  is  allowed  in  cases  where  there  is  a  street  or  permanent 
open  space  in  the  rear  of  the  building.    This  result  is  obtained  by  confining, 
except  as  in  the  section  provided,  the  height  of  a  buildmg  mthin  an 
imaginary  diagonal  line,  to  be  drawn  at  an  angle  of  63|°  from  an  imaginary 
horizontal  line  drawn  at  right  angles  to  the  roadway,  and  at  the  level  of  the 
pavement  in  front  of  the  centre  of  the  building.    The  point  m  the  hori- 
zontal, from  which  the  diagonal  springs,  will  be  the  intersection  of  the 
horizontal  line  with  the  rear  boundary  of  the  open  space,  except  where 
the  boundary  of  such  space  is  not  parallel  with  the  rear  wall  of  the 

building.  .  , 

In  the  case  of  certain  corner  buildings,  the  space  m  the  rear  may  be 
occupied  by  buildings  not  exceeding  30  feet  in  height,  and  the  return 
front  of  such  buildings  may  be  carried  up  to  the  full  height  of  the  front 

elevation.  i.  x.  f 

As  regards  buildings  abutting  upon  a  street  formed  or  laid  out  betore 
the  commencement  of  the  Act,  the  height  of  such  buildings,  m  relation 
to  the  open  space  required  at  the  rear,  wiU  be  determined  by  the  same 
method  of  drawing  diagonal  and  horizontal  lines  as  provided  above, 
except  that  the  horizontal  line  may  be  drawn  at  a  level  of  16  leet 
above  the  level  of  the  adjoining  pavement;  and  the  required  open  space, 
except  in  the  case  of  working-class  dweUings,  may  be  above  the  level  ot 
the  ceiling  of  the  ground-floor  storey,  or  above  a  level  of  16  feet  above 
the  pavement.  Certain  savings  for  domestic  buildings  on  old  sites,  when 
evidenced  by  plans  certified  by  the  district  surveyor,  and  a  provision  lor 
cases  when  an  area  is  cleared  of  existing  buildings,  and  new  streets  laid 
out  thereon,  are  provided  by  sections  43  and  44  Special  P^/isio^  ^ 
made  by  section  45  for  providing  adequate  light  and  venti  ation  for  courts 
constructed  within  buildings,  and  for  habitable  rooms  looking  on  to  such 
courts.  If  the  depth  of  such  court  from  the  eaves  to  the  ceiling  of  the 
ground  storey  exceeds  the  length  or  breadth  of  the  court,  adequate  pro- 
vision for  ventilation  must  be  made  by  means  of  a  communication  between 
the  lower  end  of  the  court  and  the  outer  air.  No  habitable  room,  without 
a  window  directly  opening  into  the  outer  air,  otherwise  than  ^^^to  a  court 
enclosed  on  every  side,  shaU  be  constructed  m  any  building  unless  the 
width  of  such  court,  measured  from  such  window  to 
shall  be  equal  to  half  the  height  measured  from  the  sill  of  J^^^^^^^^ 
to  the  eaves  or  top  of  the  opposite  wall.    The  general  limit  of  the  height 
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.  of  buildings  is  fixed  at  80  feet  (sections  47  to  52).  All  matters,  relating 
:  to  the  provision  of  open  spaces  about  buildings,  and  the  height  of  buildings, 
;  are  subject  to  the  supervision  of  the  district  surveyor  (section  138).  Every 

■  new  bmlding  exceeding  60  feet  in  height  must  be  provided,  on  the  storeys 
t  the  upper  surface  of  the  floor  whereof  is  above  60  feet  from  the  street 
i  level,  with  such  means  of  escape  in  the  case  of  fire  as  can  be  reasonably 
:  required  under  the  circumstances  of  the  case ;  and  no  storeys  of  such 
'  buildings  may  be  occupied  until  certified  by  the  Council  that  these  pro- 
•  visions  have  been  complied  with  (section  63).  Ko  building  may  be  built 
1  nearer  than  50  feet  to  any  other  building  used  for  dangerous  and  noxious 
1  businesses,  such  as  match  factories,  turpentine,  varnish,  tar,  resin,  or 
.  Brimswick  black  manufactories,  blood  and  bone  boilers,  soap-boilers, 
I  tallow-melters,  fell-mongers,  tripe-boilers,  and  slaughter-houses  for  cattle 
I  or  horses  (sections  118  to  121).  Similarly,  no  building  maybe  erected 
lupon  land  of  which  the  surface  is  below  the  level  of  Trinity  high- water 
1  mark,  and  which  is  so  situate  as  not  to  admit  of  being  drained  by  gravi- 
ttation  into  an  existing  sewer,  except  with  the  permission  of  the  County 
<  Council  (sections  122  to  124).  The  first  schedule  of  the  Act  gives  elaborate 
!  tables  as  to  the  permissible  limits  for  the  thicknesses  of  walls,  proportionate 
tto  height;  these  in  the  main  follow  the  general  rules  already  given  in 
;  the  Model  Bye-laws  of  the  Local  Government  Board,  but  are  more  compre- 
1  hensive. 

Before  closing  this  necessarily  brief  reference  to  this  important  London 
:  Building  Act,  1894,  it  may  be  convenient  to  specifically  state  that  the 
:  Statutes,  other  than  this  Act  of  1894,  which  are  still  in  force,  and  which 

I  affect  building  operations  in  the  metropohs,  especially  in  the  city,  are :  

:  The  Act  for  Better  Paving,  Improving,  and  Eegulating  the  Streets  of  the 
:  Metropolis,  &c.,  commonly  known  as  57  Geo.  III.  cap.  xxix. ;  the 
;  Metropolis  Management  Act,  1855,  sections  73  to  123,  202  to  204^  211 
:212,  227,  231,  242,  247,  and  250;  the  Metropolis  Management  Amendment 
-Act,  1862,  sections  47,  48,  49,  61,  63  to  65,  68,  69,  88,  96,  97,  102,  104  to 
:i07,  and  110  to  112;  the  Metropolis  Management  Buildings  Acts  Amend- 
iment  Act  of  1878,  Parts  I.  and  IIL  ;  the  Metropolis  Board  of  Works  Act, 
:1882,  sections  1,  3,  45,  and  48;  the  Metropolis  Management  Amendment 
-Act,  1890;  the  London  Council  (General  Powers)  Act,  1890,  sections  1, 
:2,  32,  39,  40,  and  41;  the  Factory  and  Workshop  Act,  1891,  sections  7 
.and  41 ;  the  Public  Health  (London)  Act,  1891 ;  and  the  City  of  London 
Sewers  Acts  of  1 848  and  1 85 1 . 

In  Scotland.— By  the  Local  Government  (Scotland)  Act,  1895,  section 
!  9,  in  the  rural  or  landward  districts,  the  County  Councils  have  powers  to 
I  make  bye -laws  for  regulating  the  erection  and  construction  of  new 
1  buildings.  The  section  is  based  upon  sections  157-8-9  of  the  English 
1  Public  Health  Act,  1875.  It  contains  a  drastic  and  advanced  definition 
clause  whereby  "  any  alteration  of  the  structure  of  any  house "  brint^s  it 
1  within  the  category  of  a  "new  house."  The  wording  of  the  subsections 
(deahng  with  the  purposes  for  which  bye-laws  may  be  made  follows  the 
1  lead  of  the  English  Act  in  failing  to  distinguish  in  these  instances  between 
inew  and  existing  houses.  Apart  from  powers  under  the  Act  of  1895 
:  local  authorities  can  deal  with  any  defects  in  respect  of  buildin^rs  as 
:  nuisances  under  the  Public  Health  (Scotland)  Act,  1897,  or  under  the 
I  Housing  of  the  Working  Classes  Act,  1890. 

In  the  rural  or  landward  districts  the  local  authorities  have  practically 

■  no  powers  of  supervision  over  the  construction  and  general  arran<^ements 
of  new  dweUings;  but  they  can,   as  already  intimated,  deal  w?th  any 
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defects  in  these  respects  as  nuisances  under  the  Public  Health  (Scotland) 
Act,  1897,  or  under  the  Housing  of  the  Working  Classes  Act,  1890. 

in  the'  buro-hs,  the  Burghal  Commissioners  have  elaborate  powers  under 
the  Burgh  Police '(Scotland)  Act,  1892,  sections  166-180,  201-209,  and  the 
Public  Health  (Scotland)  Act,  1897.  Some  of  the  provisions  are  embodied 
in  the  former  Act,  while  others  appear  as  rules  in  the  schedules.  The  chief 
distinctive  provisions  are  that  (a)  all  rooms  in  new  or  altered  dwelling- 
houses  must  be  sufficiently  lighted  and  ventilated  from  the  street,  or  from 
an  open  space  equal  to  three-fourths  of  the  area  in  which  the  house  stands. 
(b)  Not  more  than  twelve  flat  tenements  may  open  from  an  inside  stair, 
nor  more  than  twenty-four  from  an  outside  stair,  (c)  In  new  dweUings, 
rooms  on  the  ground  floor  must  be  9|  feet  in  height,  and  on  other  floors  9  feet, 
except  attics,  which  must  be  8  feet  high  over  one-third  of  their  area,  and 
nowhere  less  than  3  feet,  (cl)  Every  new  habitable  room  of  less  area  than 
100  feet,  built  without  a  fireplace,  must  have  special  means  of  ventilation. 
There  are  further  provisions  as  to  ventilation  of  common  stairs,  and  for 
the  prohibition  of  the  erection  of  any  building  upon  polluted  sites. 

In  burghs,  where  there  is  a  Dean  of  Guild  Court,  this  body  is  practically 
a  committee  of  the  Burghal  Commissioners,  and  discharges  all  the  function* 

in  respect  of  buildings.  j,  -.or-o 

In  Ireland. — Under  section  41  of  the  Irish  Public  Health  Act  of  18  /8, 
urban  and  rural  Sanitary  Authorities  have  very  similar  powers  for  making 
bye-laws,  and  in  respect  of  the  same  matters  as  have  the  EngUsh  urban 
Authorities  under  section  157  of  the  Act  of  1875.  Any  bye-laws  made 
under  this  section  41  are  not  applicable  to  buildings  erected  before  August 
8,  1878.  Although  section  23  of  the  Public  Health  Amendment  Act  of 
l'890  extends  to  Ireland,  its  general  application  is  Little  called  for,  as 
sections  41  and  42  of  the  Irish  Act  of  1878  apply  to  both  rural  and  urban 
Authorities,  thus  difi'ering  from  sections  157  and  158  of  the  Enghsh  Act 
of  1875,  which  apply  only  to  urban  Authorities.  Sections  25  and  33  of 
the  Amendment  Act,  1890,  may  be  applied  to  rural  and  urban  districts, 
and  section  24  to  urban  districts  in  Ireland  as  well  as  in  England.  Section 
36  provides  that  all  buildings,  being  places  of  public  resort  in  urban 
districts,  must  have  proper  means  of  egress  and  ingress;  wliile  m  towns 
constituted  under  the  Towns  Improvement  (Ireland)  Act,  1854,  the  Toavu 
Commissioners  have  fuU  control  over  the  erection  and  planning  of  all  places 
of  public  entertainment. 

OFFENSIVE  TRADES. 

In  England  and  Wales.— The  "  offensive  trades  "  are  defined  by  section 
112,  Pubhc  Health  Act,  1875,  as  those  of  "blood-boiler,  bone-boiler,  fell- 
monger,  soap-boiler,  tallow-melter,  tripe-boiler,  and  any  other  noxious  or 
offensive  trade,  business,  or  manufacture."  By  the  same  section  it  is  illegal 
to  establish  any  of  these  offensive  trades  within  an  urban  sanitary  district, 
without  the  consent  in  writing  of  the  Authority.  ' 

As  regards  the  prohibition  of  the  establishment  of  any  given  trade  mthout; 
their  consent,  it  is  incumbent  upon  the  prosecuting  Local  Authority  to  show 
that  the  trade  in  question  is  either  one  of  those  specifically  mentionea. 
above,  or  ejusdem  generis  with  them ;  that  is,  that  it  is  necessarily  an 
offensive  trade  apart  from  neglect  or  mismanagement.  It  will  be  necessary, 
therefore,  in  determining  whether  a  business  comes  within  the  definition  oi 
"  offensive  trade,"  to  consider  whether  the  materials  used  m  its  processes  ar& 
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identical  with  or  similar  to  those  dealt  with  in  tlie  six  trades  specified  in  the 
definition,  and  also  whether  the  trade  is,  or  must  he,  carried  on  in  such 
manner  as  to  be  noxious  or  offensive.  The  higher  Courts  have  held  that  this 
is  the  case  with  rag  and  bone  stores  for  example,  but  not  in  brick-making, 
manure  Avorks,  or  fish-frying. 

An  urban  Sanitary  Aiithority  may  make  bye-laws  with  respect  to  these 
trades,  when  they  have  been  established  with  their  consent,  so  as  to  prevent 
or  diminish  any  nuisance  arising  therefrom  (section  113);  but  a  rural 
Authority  would  have  to  apply  to  the  Local  Government  Board  for  power, 
imder  section  276,  to  apply  these  provisions. 

The  Local  Government  Board  have  issued  Model  Bye-laws  in  regard  to 
not  only  the  six  trades  mentioned  in  section  112  of  the  Act  of  1875,  but 
also  in  reference  to  the  trades  of  a  leather-dresser,  tanner,  fat-melter  or  fat- 
extractor,  glue-maker,  size-maker,  blood-drier,  and  gut-scraper.  The  same 
,  general  provisions  appear  in  all,  with  numerous  additions  or  variations  as 
reqmred  by  the  conditions  of  the  particular  trade  in  question.  The 
following  summary  will  show  their  general  scope  and  character : — 

(a)  All  materials  not  required  for  immediate  use  or  treatment  shall  be  so  stored  as  to 
prevent  effluvium,  (i)  The  best  practicable  means  must  be  adopted  for  rendering  any 
I  offensive  vapours  emitted  during  melting,  boiling,  &c.,  innocuous.  The  vapour  must 
be  either  discharged  into  the  external  air  in  such  a  manner  and  at  such  a  height  as  to 
:  admit  of  its  diffusion  without  injurious  effects  ;  or  shall  be  passed  directly  from  the 
i  pan,  &c.,  through  a  fire;  or  into  a  condensing  apparatus;  or  through  a  condensing 
;  apparatus  and  then  through  a  fire,  in  such  a  manner  as  effectually  to  consume  the 
'  vapour  or  deprive  it  of  all  noxious  or  injiirious  properties,  (c)  The  drainage  on  the 
1  premises  must  be  kept  in  efficient  order.  Bone-boilers  must  cool  all  hot  liquid  refuse 
1  before  passing  it  into  any  drain,  (d)  Floors  must  be  kept  in  good  order  so  as  to  prevent 
I  the  absorption  of  filth.  In  the  majority  of  these  trades  it  is  advisable  to  require  the 
I  floors  to  be  either  swept,  washed,  scraped,  or  otherwise  cleansed  at  the  close  of  every 
'  working  day.  All  refuse  so  collected,  by  scraping  or  sweeping,  shall  be  removed  forth- 
with  from  the  premises  in  covered  receptacles,  unless  intended  to  be  forthwith  subjected 
:  to  further  trade  processes  on  the  premises,  (e)  Walls  must  be  kept  in  good  order  so  as 
;  to  prevent  the  absorption  of  filth,  and,  if  necessary,  be  scraped.  Limewashing  of  walls 
;and  ceilings  twice  a  year  is  necessary  in  regard  to  these  trades,  (/)  All  apparatus 
.  including  implements  and  vessels,  must  be  kept  clean  ;  where  possible,  this  should  be 
.  done  daily,  (g)  "Waste  lime  resulting  from  the  businesses  of  fell-mongers  and  tanners 
I  must  be  removed  at  once,  and  under  close  cover,  (h)  Tanks  used  by  fell-mongers  for 
^  washing  or  soaking  skins  must  be  emptied  and  cleansed  as  often  as  may  be  necessary 
t  to  prevent  effluvia,  (i)  Every  facility  must  be  allowed  for  the  access  to  the  premises 
cof  the  Medical  Officer  of  Health,  Inspector  of  Nuisances,  Surveyor,  or  any  Committee 
3  appointed  by  the  Authority,  for  the  purpose  of  inspection  at  all  reasonable  times. 

Section  114  enacts  that,  if  the  Medical  Officer  of  Health,  or  two  legally 
'.qualified  medical  practitioners,  or  ten  inhabitants  of  a  district,  certify  that 
lany  of  the  following  places  are  a  nuisance,  or  injurious  to  health,  it  is  the 
duty  of  the  Sanitary  Authority  to  take  proceedings  against  the  offender, 
■  who  is  liable  to  a  penalty  not  exceeding  £5,  nor  less  than  40s.,  unless  he 
can  show  that  he  has  used  the  best  practical  means  for  abating  such  nuisance, 
or  preventing  or  counteracting  such  efiiuvia.  The  premises  mentioned  in  this 
•^section  are  "any  candle-house,  melting-house,  melting-place,  or  soap-house,  or 
.any  slaughter-house,  or  any  building  or  place  for  boiling  offal  or  blood,  or  for 
boihng,  burning,  or  crushing  bones,  or  any  manufactory,  building,  or  place 
used  for  any  trade,  business,  process,  or  manufacture  causing  effluvia."  The 
same  powers  are  applicable  where  a  nuisance,  affecting  the  inhabitants  of  a 
'district,  arises  from  offensive  trades  earned  on  in  premises  situated  beyond  the 
limits  of  the  district  (section  115). 

In  London.— The  provisions  as  to  offensive  trades  under  the  Public 
'Health  (London)  Act,  1891,  are  more  stringent  than  the  corresponding 
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provisions  of  the  Act  of  1875  in  force  outside  the  metropohs.    Section  19 
if  the  London  Act  prohibits  any  one,  under  penalty  of  £50  per  day  or  less, 
e'^tabhshing  within  the  metropoHtan  area  the  business  of  a  blood-boiler,  a 
bone-boilert  a  manure  manufacturer,  a  soap-boiler  (if  the  soap  is  made  froni 
animal  fats)  a  taUow-melter,  or  a  Imacker ;  but  old-estabhshed  businesses  of 
this  kind  are  permitted  to  remain,  subject  to  the  bye-laws  of  the  County 
Council     A  new  soap-boiling  business  may,  however,  be  estabhshed  with 
the  sanction  of  the  Council,  provided  the  soap  is  made  from  olem,  or  any 
vegetable  fat  or  oil  (ibid.  (2)).     Certain  other  businesses  may  ^ath  the 
consent  of  the  County  Council,  be  estabhshed  anew :  these  are  those  of  a 
fell-monger,  tripe-boiler,  slaughterer  of  cattle  or  horses,  or  any  other  busmess 
which  the  CouncH  may  declare  by  Order,  confirmed  by  the  Local  Govern- 
ment Board,  to  be  offensive.    The  expression  "  establishment  anew  means 
reopenincr  after  discontinuance  of  work  for  nine  months,  removal  to  new 
nremises^or  extension  of  existing  buildings,  but  not  reconstruction,  partial  or 
complete,  without  extension  of  area.    The  granting  of  sanction  to  establish 
anv  new  businesses  of  these  kinds,  on  the  part  of  the  Council  is  subject  to  the 
proviso  that  at  least  fourteen  days  before  making  any  such  Order  they  notify 
to  the  Authority,  within  whose  district  the  premises  on  which  the  business 
is  proposed  to  be  established  are  situate,  that  appHcation  has  been  made  so 
that  the  inhabitants  may  have  an  opportunity  of  opposing  it  (section  19  (3)) 
Subsection  (4)  of  the  above-mentioned  section  enables  the  County  Council 
to  make  bye-laws  as  to  the  arrangement  of  premises  and  conduct  of  such 
businesses.    Any  such  bye-laws  (5)  may  empower  a  Petty  Sessional  Court 
to  prohibit  any  person  from  f oUowing  the  same  temporarily  or  permanently 
uWect  to  a  daily  penalty  not  exceeding  £50  :  but  any  Samtary  Authority 
or  nerson  ag-rieved  by  the  enactment,  alteration,  or  repeal  of  any  such  bye- 
L^may  gfvf  notice  to  the  Local  Government  Board.    The  Metropolitan 
and  Deptford  cattle-markets  are  exempted  from  these  bye-laws.  Section 
20  authorises  the  licensing  of  cow-houses  and  slaughter-houses,  such  licenc^ 
being  made  annuaUy.    Section  22  of  the  Act  provides  that  the  removal, 
storage,  and  disposal  of  house  and  street  refuse  by  a  Sanitary  Authority  is 
to  be  deemed  to  be  an  offensive  trade,  and  any  complamt  or  proceeding 
made  under  section  21  may  be  made  or  taken  by  the  County  Council  in  hke 
manner  as  if  the  CouncH  were  a  Sanitary  Authority.    This  provision  enables 
Se  County  CouncU  to  deal  with  a  class  of  nuisance  which  is  not  unfrequently 
aUe^ed  to  be  committed  by  Sanitary  Authorities  themselves  m  the  discharge 
of  their  duties  with  respect  to  the  removal  and  disposal  of  house  and  street 

''^""With  these  exceptions,  the  provisions  of  the  London  Act  of  1891  as  to 
offen^ve  trades  are  practically  the  same  as  those  of  the  Public  Health  Act 
?firWctions  114  and  115.    In  the  city  of  London  the  Commissioners  of 
Ss  tate'tle  place  of  the  County  Council  for  applying  these  enactment. 

'"^rrcoW^^  (Scotland)  Act,  1897,  section  32, 

1  ^.  Snsive  trades  "  the  business  of  a  blood-boiler,  bone-boiler, 

tnef  mtnurf  r^^^^^^  knacker,  soap-boiler,  skinner  taUow-melter 

trine  boiSrrt  o^  tripe-cleaner,  skinner  or  hide-factor  slaughterer  o  cattk 

^h^Lraf  TutX^l^^^^^^^^^  V-la-  for  regulating  the  conduct  of  any 
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eflfect  thereof  aud  the  mode  in  which  the  application  for  sanction  is  to  be 
made.  Any  business  so  conducted  as  to  be  offensive  and  injurious  to  health 
is  deemed  to  be  a  statutory  nuisance. 

In  the  towns  the  Burghal  Commissioners  have  power  to  pass  bye-laws 
"  for  reducing  or  removing  the  noxious  or  injurious  effects  attending  these 
offensive  trades"  (Burgh  Police  (Scotland)  Act,  1892,  section  316). 

In  Ireland.— Section  128  of  the  Irish  Public  Health  Act  of  1878 
includes  the  business  of  a  gut-manufacturer  among  the  offensive  trades,  in 
addition  to  those  given  in  section  112  of  the  English  Act.  As  a  rural 
Sanitary  Authority  in  Ireland  cannot  be  invested  with  urban  powers,  it 
follows  that  only  urban  Authorities  can  prevent  the  establishment  of  an 
offensive  trade  within  the  meaning  of  the  Public  Health  Act.  The  powers 
of  these  urban  Authorities  to  make  bye-laws  as  to  offensive  trades  is 
imperative  in  Ireland,  and  not  permissive  as  in  England,  subject,  of  course, 
to  the  sanction  of  the  Local  Government  Board  of  Ireland  (Public  Health 
(Ireland)  Act,  1878,  section  129).  In  other  respects  the  provisions  of  the 
Irish  and  English  Acts  on  this  matter  are  similar. 
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The  sanitary  legislation  in  respect  of  these  places  is  somewhat  compli- 
cated.   A  reference  to  page  899  will  show  that  section  91  of  the  Public 
Health  Act,  1875,  includes  as  a  nuisance  any  factory,  workshop,  or  work- 
place not  kept  in  a  cleanly  state,  or  not  ventilated  in  such  a  manner  as 
to  render  harmless  as  far  as  possible  any  gases,  vapours,  dust,  or  other 
impurities  generated  in  the  course  of  the  work  carried  on  therein,  or  so 
overcrowded  while  work  is  carried  on  as  to  be  dangerous  or  injurious  to 
the  health  of  those  employed  therein.    These  provisions,  however,  do  not 
apply  to  a  factory  which  is  subject  to  the  provisions  of  the  Factory  and 
Workshop  Acts  of  1878,  1883,  1891,  and  1895.    These  Acts  are  in  force 
in  England  and  Wales,  the  Metropolis,  Scotland,  and  Ireland,  conse- 
'  quently  references  as  to  their  working  under  the  special  headings  of  these 
!  geographical  areas  is  not  necessary.     With  a  view  to  clear  up  any  mis- 
'  conception  as  to  what  are  the  factories  and  workshops  to  which  the 
1  provisions  of  the  Public  Health  Act,  1875,  as  to  nuisances  apply,  section  61 
'Of  the  Factory  and  Workshop  Act,  1878,  declares  that  the  provisions  of 
t  this  latter  Act  do  not  apply  where  persons  are  employed  at  home,  that  is  to 
ssay,  to  a  private  house,  room,  or  place  which,  although  by  reason  of  the 
\work  carried  on  there  is  a  factory  within  the  meaning  of  the  Act,  is  used 
a  as  a  dwelling,  and  in  which  neither  steam,  water,  nor  other  mechanical 
f  power  is  used,  and  in  which  the  only  persons  employed  are  members  of  the 
isame  family  dwelling  there.    Consequently,  it  is  to  these  places  only  that 
^section  91  of  the  Public  Health  Act,  1875,  applies. 

The  general  effect  of  the  Factory  and  Workshop  Acts  is  to  place  all 
factories  and  workshops  under  a  dual  control,  namely,  the  Home  Office 
land  the  various  Sanitary  Authorities.  The  Home  Secretary  appoints 
l-Factory  Inspectors,  whose  primary  duty  is  to  inspect  factories.  On  the 
'Other  hand,  the  primary  duty  of  inspecting  ivoo'kshops  and  workplaces 
trests  with  the  Local  Authorities;  this  statement,  however,  must  not  be 
imterpreted  as  meaning  that  the  local  Sanitary  Authorities  have  no  right  to 
iinspect  a  factory  under  the  operation  of  these  Acts,  for  there  is  a  general 
duty  cast  upon  the  Sanitary  Authorities  to  inspect  all  parts  of  their 
iaietnct  (see  also  page  887). 

3  N 
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Tinder  the  Act  of  1878,  factories  are  divided  into  textile  and  non- 
textile  they  comprise,  practically,  all  workplaces  where  mechanical 
Bowei  is  used,  and  also  the  foUowing,  whether  power  is  used  or  no  :- 
C  furnaces  copper-mills,  iron-mills,  foundries,  manufactories  of  earthen- 
wt  luctfe^^^^  matches,  pe'rcussion-caps,  cartridges,  tobacco,  paj^r  glass 
SUS!  fustian-cutting,  printing,  bookbinding,  and  flax  scutch  nulls. 
S  htot  to  the  fore-oing  special  exceptions,  workshops  are  places  where 
any'  t^nlctu^^^^^^  a°re  carded  on,  but  where  no  mechanical  power  is 
employed.  ^^^^.^^       ^^^^^  laundries  are  treated  as  factories, 

^nd  other  laundries  as  workshops.  This  law  only  apphes  to  laundries 
carried  on  for  purposes  of  trade  or  gain,  and  not  where  the  persons 
S  vine  on  the  laundry  are  members  of  the  same  family  1^  every 
Wrv°  worked  by  steam,  water,  or  other  mechanical  power,  (a)  a  fan  or 
oXr  mlans  mJ  be  maintained  for  regulating  temperature  m  ironing 
!nn^..  ^nd  for  carrvin-  away  the  steam  in  the  wash-houses;  (6)  all  stoves 
f  r  heatrng  rns  S  be  sufficiently  separated  from  the  ironing  rooms  ; 
c)  the  flLing  shall  be  kept  in  good  condition,  and  drained  in  such 
manner  as  will  aUow  the  water  to  flow  off  freely.      ^  ^      .         ^  . 

All  factories  and  workshops  must  be  kept  clean  and  free  from  effluvia 
arisincr  from  any  drain,  closet,  urinal,  or  other  nuisance     Tlaey  must  no 
be  so  overcrowded  as  to  be  dangerous  or  injurious  to  the  health  of  the 
workeis  and  .^ust  be  ventilated  in  such  manner  as  to  render  harmless  as 
fafas  practicable  all  gases,  vapours,  dust,,  or  other  impurity  genera  ed 
in  the  course  of  the  work  that  may  be  injurious  to  health.     For  the 
eanSry  supervision  of  these  places,  Factory  Inspectors  have  -ceP  -na 
™wers  of  entry,  inspection,  and  of  taking  legal  proceedings.    By  the  Act 
?f  1895  s^ct  on  1,  overcrowding  of  a  factory  or  workshop  is  ^tatutordy 
defined  as  a  minimum  of  250  cubic  feet  of  space  for  every  person,  and  400 
cuHc  fee  fo"  very  person  doing  overtime ;  moreover  the  Home  Secretary 
has  power  to  add  to  this  minimum  during  hours  m  which  artificial  light  is 
emnloved     If  the  Home  Secretary  is  not  satisfied  that  any  factory  or 
w^kshop  is  sufficiently  ventilated,  he  may,  if  he  think  fit,  by  Order 
rthorise  an  Inspector  of  Factories  to  take,  during  the  period  mentioned  m 
Se  Order  such^steps  as  appear  necessary  or  proper  for  enforcing  sufficient 
'ventilation  (Act  of  1891,  section  1).    In       case  of  premies  which  a.  - 
an  unfit  state  for  manufacturing  purposes,  section  2  of  the  Act  ot  ^^^^^^^^ 
^ower  to  a  Court  of  summary  jurisdiction,  on  the  complaint  of  an  Inspector 
?o  make  an  Order  prohibiting  the  premises  from  being  so  used  until  the 
ITirv  ohano-es  have  been  made  to  put  them  in  a  proper  condition. 
^    When  an  Insp^^^^^^^^^  deems  that  there  is  any  act  or  default  in  relation  to 
.T.    =.rf^nrv  arrangements  or  other  matters  in  a  factory  or  workshop, 
whicH  mnis  3^  the  Public  Health  Act,  but  not 

T   fL^Xtorv  a^^^^  Acts,  he  shall  give  notice  of  the  same  to 

procoedmgs  token.    1^/,=^°,  ^   recovering  expenses  from  the 

\f ITnTt  Of  1  certiSeate  from  the  Medical  Officer  of  Health  0. 
Insp'^crro?ZLt:«^c,eausing,li,^^^^^^ 

for  the  health  of  the  workers  m  a  workshop,  the  Sanitary  Autnorny  m 
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give  notice  to  the  owner  or  occupier;  if  he  makes  default,  he  incurs  a  daily 
penalty  of  10s.,  and  the  Sanitary  Authority  may  carry  out  the  work  and 

lTS9?srtLlt5^  ' '  ^^^^^  Health  ( Won^ 

done Vn  'TZ^^  knowledge  of  the  Factory  Inspector  that  work  is  being 
meaniS.  of  ^ZT  H  ^-l''''       ^'^''^'^^y  ^  factory  or  workshop  in  the 

tilt  notice  tJ°t  ,      """'^t'  ^ft«^  ^««eiving 

X  coSa^5.er?  n?  T  ''.f  •''^l'  ''''  ^^^^  *°      ^^"^^^  on  in  thf 

place  complained  of,  and  nothing  has  been  done  in  the  meantime  to  remedy 
the  insanitary  conditions  to  which  his  attention  has  been  drawiThe  becomes 
hable  to  a  penalty  of  £20.  A  simHar  penalty  is  incurred  if  an^  occupier  of 
a  factory  or  workshop  knowingly  causes  or  aUows  wearing  apparel  o  be 
made,  cleaned,  or  repaired  in  any  buHding,  any  inmate  of  Xch  irsufferin^ 
from  scarlet  fever  or  smaU-pox  (Act  of  1895,  sections  6  and  6)  ^ 

Inspttor  tf  he  bf health  must  give  written  notice  to  the  Factory 
inspector  it  be  becomes  aware  that  any  "child"  unrlpr  fnn^foor,  e 
age  "young  person"  of  that  age  and  unL  ^^hteeryears  ^r  '^^^^^^^^^^  o 
eighteen  years  of  age  or  upwards  is  employed  in  ai^  workshop  71ct  o 

j.ne  iicr  oi  1695  prohibits  the  employment  in  any  factory  or  work^hnn  nf 
conW^ n'^'?  'S''        °f  women^within  four  weekraft^^^ 

iMlliitii 

have  been  employed  for  fuU  Ws  to  t»^,^'°  ,V°™8  ^'"> 

in  any  d!y;  the  o^l^i^.lJlTs^Tjt.ZrJX^T'^'^ 
overtime  shaU  not  be  worked  on  more  th,n%W  J      •      ™      ""^  '^''J'; 
thirty  days  in  any  year-  (sellTs  (iWcfo f  1895)  "  """" 

:fact^el!stX7  ofThe'SonMl'i  "T,  "T"""-^  '"^ 

:  means  of  escape  from  lire  upon  the  ^    f      >        of  providing  adequate 

'  neglect  of  this'Jluty  L?S.?0  of  the  iTlr.Ms'e'b'r 

■require  structural  iterations  where  twl        A  ,   .  *  '       Inspector  to 

■matter.andaCourtof  sZmarv  rri. J  r  '»  ""is 

llnspec  or,  order  X  nrovSSn  of  ^  l';''"'."''^'  ™       "PPlication  of  the 

.*ttctural  alterations  EeX  the  I^lf  f  ire-escapes  and  the  making  of 

'»n  o^lS  in  o  vti faML"  wh„'°  T^, -^ical  p'ractitioner  attending 
^  phosphorus,  OP  LlenM^^DoSonil^    ^  n''"™'  f'™  '"ad! 

■or  workshop,  mu'Tnlrr  nLe^tuS  TS"  '""'"j' 

'^s:^Sn^n^To^tic\°i„?i^^^^^^^^^^ 

Pa«ent  and  the  diseasXtta— Slt^Te'^^^^^^^^^^ 
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'c^hefp— ^^^^^^  — 

^'°;fl'HlVstr.^'Si"  proce-  or  Bnd  of 

If  the  /life  or  health  of  the  workers  m  any  factory,  or 

mechanical  apphances,  it  necessary,  lor  P^^^        b        ,„„„ire  aU  ceilings, 
vapour,  or  other  injiirious  impurities  ^7  ^^Sety  f^^^^^^^^ 
waUs,  passages,  and  staircases  to  he  l^^^^^^^f '^^J^^^av  also  make  special 
the  Home  Secretary  may  grant  «^«^^P*«^f  , -^^^  tTme  to  time, 

regulations  as  to  cleanliness  and      ^^^f ^^^^^^        {^t  of  1878 

sections  33  and  v5b,  as  ,  ^, f^^fopies  in  which  the  atmospheric 

hu^LtrJ^^S;^=v^^^  rt^^^, 

the  time  heing  subject  to  «P««^^l/^l«\r*^«?,f,Ti,%^,^^^^^^^ 

come  under  the  provisions  of  the  Cotton  Cl^^^^^^^^ 

this  Act,  special  arrangements  must  be  made  for  adnuUm 

cubic  feet  of  fresh  air  per  hour  per  occuj^ant.  J^^^^  ^  ^^rking 

and  dry-bulb  thermometers  must  be  P'^^^^^/^,  ^^^^^^^^^^^^  are 

order,  and  so  placed  as  to  be  in  full         ^^^^^^^^P'^^^^^^^^      4  p.m.,  daUy, 

to  be  taken  —  j^^i  /-f'  tlis  tlTe  AcrsTedfies,  among  ,  other 

the  w^t-bulb.  and  a  copy  of  ^^^^^^'J,^^^^^^^^^      above  70°  F. 

hygrometer.  The  temperature  must  not  J™^^^^^  temperature 
In  workshops  and  factories  where  wearing  apparel  is  made,  m  P 

must  be  kept  at  not  less  than  60  J^.  „^_:Hon  amon<^  factories  and 

Bakehouses  occupy  a  somewhat  unique  posi  on  amon 

workshops,  owing  to  the  fact  tha  they  ^^^'.''^^'^Zt^^^^^  between 
special  legislation.    1^  the  firs  place  a  ^^f^^XsaTe  bakehouse  is  repre- 

shop  or  place  occupied  together  with  f.^^^  T^^^^^^^^^^  the  hands 

places  the  sanitary  «\^P™°^.°f,f  X^'thoritie^  outside  the  metropolis,  are 
ItbSru^ S^^^^^^^^  - 
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the  Commissioners  of  Sewers,  and  elsewhere  the  Vestries  and  District 
Eoards. 

The  powers  and  duties  of  a  Medical  Officer  of  Health  in  connection  with 
the  sanitary  regulation  of  retail  bakehouses  are  somewhat  exceptional.  By- 
section  18  of  the  Factory  Act,  1883,  he  has  all  the  powers  of  entry,  inspec- 
tion, taking  legal  proceedings  and  otherwise,  of  a  Factory  Inspector.  He  is 
also  required,  if  he  becomes  aware  of  the  employment  of  any  child  or  young 
person  under  eighteen  years  of  age,  or  woman  in  any  retail  bakehouse,  to 
forthwith  give  written  notice  thereof  to  the  Factory  Inspector  of  the  district. 
The  powers  of  entry  and  inspection  conferred  on  the  Medical  Officer  of 
Health  are  such  that  he  may  enter,  inspect,  and  examine  any  retail  bake- 
house at  any  reasonable  time  by  day  or  by  night,  without  any  special  Avritten 
authority  or  warrant  (Act  of  1878,  section  68,  and  Act  of  1891,  sections  25 
and  39).  In  all  summary  proceedings  for  ojffences  and  fines,  the  information 
must  be  laid  within  two  months,  or,  where  the  offence  is  jDunishable  by 
imprisomnent,  within  three  months  after  the  commission  of  the  offence. 
There  is  power  of  appeal  to  Quarter  Sessions  (Act  of  1878,  sections  89, 
90,  91). 

By  section  27  of  the  Act  of  1895,  which  amends  sections  34  and  35  of 
the  Act  of  1878,  the  statutory  requirements  for  all  bakehouses,  whenever  or 
wherever  erected,  are  the  same  as  for  other  factories  or  workshops.  All  the 
inside  AvaUs,  ceilings,  staircases,  and  passages  must  be  limewashed  once  at 
least  every  six  months,  or  painted  every  seven  years,  and  if  so  painted, 
washed  with  soap  and  hot  water  every  six  months.  And  further,  there 
must  be  no  sleeping-place  on  the  same  level  in  the  same  building,  unless 
there  be  complete  separation  from  ceiling  to  floor,  and  unless  the  sleeping- 
room  have  an  external  window  nine  square  feet  in  area,  half  of  which  is 
made  to  open  (Act  of  1878,  section  35).  The  fine  for  not  keeping  a  bake- 
house in  conformity  with  these  provisions  is  a  penalty  not  exceeding  £10, 
recoverable  in  a  Court  of  summary  jurisdiction,  and  if  the  order  to  conform 
to  the  requirements  of  the  Act  is  not  obeyed  within  a  specified  time,  to  a 
daily  penalty  of  >£1  {idem,  section  81). 

Sections  15  and  16  of  the  Factory  Act,  1883,  as  amended  by  section  27 
of  the  Act  of  1895,  make  it  illegal  to  let  or  occupy  as  a  bakehouse  anyplace, 
except  under  the  following  conditions :— (a)  No  water-closet,  earth-closet, 
privy,  or  ashpit  to  be  within  the  bakehouse,  or  communicate  directly  with  it. 
(b)  Any  cistern  for  supplying  water  to  the  bakehouse  to  be  separate  from 
.any  cistern  supplying  a  water-closet,  (c)  No  drain  or  pipe  carrying  oflf 
sewage  to  have  an  opening  within  the  bakehouse.  Any  person  contravening 
these  provisions  will  be  liable  on  summary  conviction  to  a  fine  not  exceeding 
40s.,  and  a  further  fine  not  exceeding  5s.  for  every  day  during  which  any 
room  or  place  is  occupied  in  contravention  of  the  section  after  a  conviction. 
No  place  underground  may  be  used  as  a  bakehouse  unless  so  used  before 
January  1,  1896,  and  if  so  used  must  not  be  in  contravention  of  the  above 
•conditions  (Act  of  1895,  section  27  (3)). 

As  regards  London,  apart  from  special  mention  in  section  25  of  the 
Public  Health  (London)  Act,  1891,  of  the  duty  of  every  Sanitary 
Authority  to  enforce  the  limewashing,  cleansing,  and  general  sanitary 
supervision  of  workshops,  section  26  of  the  same  Act  particularly  makes  it 
the  duty  of  every  Sanitary  Authority  in  London  to  enforce  sections 
34,  35,  and  81  of  the  Factory  Act,  1878,  and  sections  15  and  16  of  the 
similar  Act  of  1883  as  respects  bakehouses,  which  are  workshops  within  the 
meaning  of  those  Acts.  For  the  purpose  of  enforcing  these  provisions, 
the  London  Sanitary  Authorities  are  made  the  Local  Authorities  within 
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the  meaning  of  those  sections,  and  their  Medical  Officers  of  Health 
have  all  the  exceptional  powers  and  duties  as  already  explained  m  the 

TrrovTsions  of  the  Factory  and  Workshops  Acts  apply  fuUy  to  both 
Scotland  and  Ireland ;  in  the  former  country  the  central  jurisdiction  is 
vested  in  the  Home  Secretary. 

ALKALI,  CHEMICAL,  AND  OTHER  WORKS.  > 

It  has  already  been  shown  that  the  provisions  of  the  Public  Health  Acts 
relating  to  what  are  called  offensive  trades  apply  only  to  a  limited  class 
of  trades.    Outside  that  class  are  a  number  of  other  trades,  works  and 
businesses  in  which  various  noxious  and  offensive  gases  are  evolved,  ihese 
latter  are  placed  under  the  inspection  and  regulation  of  officers  of  the 
Local  Government  Board,  subject  to  the  AlkaH,  &c..  Works  Regulation 
Acts  1881  and  1892.    These  Acts  are  to  be  regarded  as  cumulative,  and 
notWng  contained  in  either  of  them  is  to  be  construed  as  legahsmg  any 
act  or  default  which  would  otherwise  be  deemed  to  be  a  nuisance  or 
be   contrary  to   law,  had   these  Acts   not   passed  (Alkali  Act,  1881, 
section  31).    Further,  where  it  appears  to  any  Sanitary  Authority,  on  tlie 
written  representation  of  their  officers,  or  of  any  ten  inhabitants  of  their 
district,  that  any  work  (either  within  or  without  their  district)  to  which 
these  Acts  apply  is  carried  on  in  contravention  to  them,  or  that  ^^J 
waste  is  deposited  (either  within  or  without  their  district),  and  ^hat  a 
nuisance  is  occasioned  by  any  such  contravention  of  the  Acts,  such  San  tary 
Authority  may  complain  to  the  Local  Government  Board,  who,  after  inquiry, 
are  empowered  to  direct  such  proceedings  to  be  taken  by  an  Inspector  as 

'%^t^'&''7'lSs\,  section  29,  defines  an  ''alkali  work"  to  be 
"every  work  for  the  manufacture  of  alkali,  sulphate  of  soda,  or  sulphate  ot 
potash,  in  which  muriatic  gas  is  evolved;  and  for  the  purpose  of  this 
definition  the  formation  of  any  sulphate  in  the  treatment  of  copper  ores  by 
common  salt  or  other  chlorides  will  be  deemed  to  be  a  manufacture  ot 

'"^^^he'selcw'l881  and  1892  apply  to  all  alkali  works  and  to  the  follow- 
inc.  scheduled  works  :-sulphuric  acid  works,  chemical  manure  works  gas- 
liquor  works,  nitric  acid  works,  sulphate  of  ammonia  Avorks,  m^J^^te 
ammonia  woAs,  chlorine  works,  Venetian  red  works,  lead  d«PO^i\^7°5^;^' 
aSSiic  works,  nitrate  and  chloride  of  iron  works,  muriatic  acid  works,  fibre 
sTOtir  works,  tar  works,  zinc  works  ;  also  the  following,  unless  the  pro- 
cess  adopted  be'such  that  no  sulphuretted  hydrogen  ^^-^^^ 
alkali  waste  works,  barium  works  strontium  works,  ^.^^1^^"^  f^^^ 
works,  and  bisulphide  of  carbon  works  (Act  of  1881,  section  29,  and  Act  ot 

^^^lo 'alkali  work,  or  scheduled  work,  or  work  for  the  extraction  of  salt 
from  brSrorlement  work,  may  be  carried  on  unless  it  has  certified 
to  be  registered  by  the  Local  Government  Board.  Ihe  certificate  ot 
giX  L  t  fore  one  year  from  April  l^Mollowing  the  day  o^^^^^^ 
application  for  the  certificate,  such  application  being  required  to  be  made 
in  January  or  February  (Act  of  1881,  section  11).  No  new  aaoiIvS 
L  be  reg^^^  furnished  with  satisfactory  and  proper  appliances 

^''^The  JoU'owing  are  the  requirements  of  the  Act  of  1881  with  respect  to 
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alkali  works.  By  section  3,  every  such  work  must  be  carried  on  in  such  a 
manner  that  95  per  cent,  of  the  hydrochloric  acid  gas  evolved  must  be  con- 
densed, and  not  more  than  one-fifth  of  a  grain  of  hydrochloric  acid  gas  per 
cubic  foot  of  air,  smoke,  or  chimney  gases  must  escape  from  the  works  into 
the  atmosphere.  Nor  must  there  be  more  of  the  acid  gases  of  sulphur  and 
nitrogen  than  the  equivalent  of  four  grains  of  sulphuric  anhydride  per  cubic 
foot  of  air.  The  owner  of  any  alkali  work  which  is  carried  on  in  contraven- 
tion of  these  provisions  is  liable  to  a  fine  in  the  case  of  a  first  offence  not 
exceeding  £50,  and  in  the  case  of  every  subsequent  offence  £100.  Acid 
drainage  must  not  be  allowed  to  mix  with  alkali  waste  so  as  to  cause  a 
nuisance ;  the  penalties  for  the  contravention  of  this  provision  are  similar  to 
the  above,  with  a  continuing  penalty  of  £5  a  day  (section  5).  The  owner 
may  require  the  Sanitary  Authority  to  provide  and  maintain,  at  his  expense, 
a  drain  for  carrying  the  acid  waste  into  the  sea,  or  any  watercourse  into 
which  it  can  be  taken  without  breach  of  the  Elvers  Pollution  Prevention 
Act,  1876.  Alkali  waste  must  not  be  deposited  or  discharged  without  the 
best  practicable  and  available  means  being  used  to  prevent  nuisance 
(section  6).  Similar  regulations  apply  to  sulphuric  acid  works.  The 
gases  escaping  into  the  atmosphere  must  not  have  an  acidity  equivalent  to 
more  than  four  grains  of  sulphuric  anhydride  per  cubic  foot  (section  8). 
The  other  works  scheduled  in  the  Acts  must  employ  the  best  practicable 
means  for  preventing  the  escape  of  noxious  and  offensive  gases,  and  for  ren- 
dering them  harmless  and  inoffensive,  subject  to  the  qualification  in  the  case 
of  sulphuric  acid  works  as  to  the  degree  of  aerial  vitiation  by  the  escaping 
gases  (section  9). 

In  calculating  the  proportion  of  acid  to  a  cubic  foot  of  air,  smoke,  or 
gases,  for  the  purposes  of  the  Act,  such  air,  smoke,  or  gases  are  to  be  cal- 
culated at  a  temperature  of  60°  P.  with  a  barometric  pressure  of  30  inches 
(section  21). 

The  Alkali  Acts  apply  to  Scotland,  being  locally  administered  by  the 
public  health  authorities.  The  Secretary  for  Scotland  is  the  central  autho- 
rity in  place  of  the  Local  Government  Board.  The  same  Acts  apply  equally 
to  Ireland,  but  the  English  Local  Government  Board  has  the  appointing 
of  the  Inspectors ;  while  in  aU  other  respects  the  Irish  Board  is  the  central 
authority. 

SLAUGHTER-HOUSES. 

In  England  and  Wales. — By  section  4  of  the  Public  Health  Act,  1875, 
the  expression  "  slaughter-house  "  includes  the  buildings  and  places  commonly 
called  slaughter-houses  and  knackers'  yards,  and  any  place  or  building  used 
for  slaughtering  cattle,  horses,  or  animals  of  any  description  for  sale. 

Section  169  of  the  Public  Health  Act,  1875,  which  incorporates  certain 
provisions  of  the  Towns  Improvement  Clauses  Act,  1847,  enacts  that  any 
urban  Sanitary  Authority  may  provide  abattoirs  or  slaughter-houses,  and  if 
they  do  so,  must  make  bye-laws  with  respect  to  their  management  and  charges. 
They  may  also  license  slaughter-houses  and  knackers'  yards,  and  without 
their  licence  no  place  shall  be  used  for  such  purposes  which  was  not  so  used 
at  the  time  of  the  passing  of  the  Act  in  1875.  Every  place  used  as  a 
slaughter-house  or  knackers'  yard  before  the  passing  of  the  Act,  and  still 
continued  to  be  so  used,  shall  be  registered  by  the  owner  or  occupier  in  a 
book  kept  by  the  Sanitary  Authority.  The  distinction,  therefore,  between 
a  registered  and  licensed  slaughter-house  is  dependent  upon  the  fact  that  in 
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the  one  case  the  place  was  used  as  such  before  the  isassing  of  the  Act  in 
1875,  while  in  the  other  case  it  has  been  established  since  that  date.  A 
legible  notice  bearing  the  words  Licensed  Slaughter-House  or  Registered 
Slaughter-House  must  be  attached  and  displayed  in  some  conspicuous  place 
on  every  slaughter-house  by  the  owner  or  occupier  (section  170).  Prior  to 
the  adoption  of  Part  III.  of  the  Public  Health  Acts  Amendment  Act,  1890, 
in  any  district,  licences  granted  under  the  above  enactment  will  not  be 
annual  licences,  but  granted  once  for  all ;  nor  in  those  cases  is  a  fresh  licence 
necessary  when  part  of  the  premises  is  rebuilt,  or  when  any  addition  is  made 
to  them.  The  continuance  of  use  is  of  great  imjDortance,  as  it  is  frequently 
found  that  slaughter-houses  are  disused  as  such,  and  applied  to  other 
purposes.  In  that  case  they  cannot  again  be  used  as  slaughter-houses 
without  application  for  a  licence.  But  in  urban  districts  in  Avhich  Part  III. 
of  the  Act  of  1890  is  in  force,  licences,  granted  after  the  adoption  of  that 
Act,  will  be  for  not  less  than  twelve  months,  or  such  periods  as  the  licensing 
urban  Sanitary  Authority  may  deem  fit  to  specify  in  it. 

As  regards  slaughter-houses  and  other  similar  premises  for  which  a  licence 
is  sought,  the  Local  Government  Board,  in  a  Memorandum  dated  July  25, 
1877,  have  suggested  that  the  following  rules  as  to  site  and  structure  should 
influence  the  decision  of  a  Sanitary  Authority  before  granting  a  licence  : — 

"  1.  The  premises  .  .  ,  .  should  not  be  within  100  feet  of  any  dwelling-house  ;  and 
the  site  should  be  such  as  to  admit  of  free  ventilation  by  direct  communication  with 
the  external  air  on  two  sides  at  least  of  the  slaughter-house. 

' '  2.  Lairs  for  cattle  in  connection  with  the  slaughter-house  should  not  be  within 
100  feet  of  a  dwelling-house. 

"  3.  The  slaughter  house  should  not  in  any  part  be  below  the  surface  of  the  ground. 

' '  4.  The  approach  to  the  slaughter-house  should  not  be  on  an  incline  of  more  than 
»    one  in  four,  and  should  not  be  through  any  dwelling-house  or  shop. 

"  5.  No  room  or  loft  should  be  constructed  over  the  slaughter-house. 

"6.  The  slaughter-house  should  be  provided  with  an  adequate  tank  or  other  proper 
receptacle  for  water,  so  placed  that  the  bottom  shall  not  be  less  than  6  feet  above  the 
level  of  the  floor  of  the  slaughter-house. 

"  7.  The  slaughter-house  shall  be  provided  with  means  of  thorough  ventilation. 

"8.  The  slaughter-house  should  be  well  paved  with  asphalte  or  concrete,  and  laid 
with  proper  slope  and  channel  towards  a  gulley,  which  should  be  properly  trapped  and 
covered  with  a  grating,  the  bars  of  which  should  not  be  more  than  three-eighths  of  an  inch 
apart.    Provision  for  the  effectual  drainage  of  the  slaughter-house  should  also  be  made. 

"9.  The  surface  of  the  walls  in  the  interior  of  the  slaughter-house  should  be  covered 
with  hard,  smooth,  impervious  material  to  a  sufficient  height. 

"  10.  No  water-closet,  privy,  qr  cesspool  should  be  constructed  within  the  slaughter- 
house, 

"There  should  be  no  direct  communication  between  the  slaughter-house  and  any 
stable,  water-closet,  privy,  or  cesspool. 

"  11.  Every  lair  for  cattle  in  connection  with  the  slaughter-house  should  be  properly 
paved,  drained,  and  ventilated. 

"No  habitable  room  should  bo  constructed  over  any  lair." 

It  is  the  duty  of  the  Sanitary  Authority  to  make  bye-laws  for  the  licens- 
ing, registering,  and  inspection  of  slaughter-houses  and  knackers'  yards,  and 
preventing  cruelty  therein,  for  keeping  the  same  clean,  for  the  daily 
removal  of  filth,  and  for  the  proper  supply  of  water.  The  following  Model 
Bye-laws,  issued  by  the  Local  Government  Board,  are  applicable  to  the 
above  requirements. 

(a)  Licences. — Applications  for  licence  of  existing  premises,  or  erection  of  new 
slaughter-houses,  must  be  made  upon  a  specified  form,  and  must  include  full  par- 
ticulars as  to  the  position,  form,  area,  cubic  space,  &c.,  of  the  buildings  and  appendages  ; 
materials  and  construction  of  walls  and  floors  ;  means  of  water-supply,  drainage 
lighting,  and  ventilation  ;  means  of  access  for  cattle  ;  number,  position,  and  size  of 
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stalls  or  lairs,  and  number  of  animals  to  be  accommodated  therein,  distinguishing  oxen 
ilves  sheep  and  swine.    The  boundaries  must  also  be  shown,  and,  in  the  case  of  old 
rremises  pFi'ti^^^^^^^^^  as  to  the  ownership  and.the  applicant's  tenure  must  be  given 
^    (6)  Begistration.-U  the  Sanitary  Authority  ^PP^'O^^.  tli^^PPl^^^f^^^f '    !he  Sanitarv 
be  issued  to  the  applicant,  and  must  be  registered  by  him  at  the  office  of  the  Sanitary 

^""'^"f^ectim.-Yvee  access  to  every  slaughter-house  for  the  purpo^e  f  Insp^c*^^^^^ 
must  be  Afforded  at  all  reasonable  times  to  the  Medical  Officer  of  Health,  Inspector, 
Surveyor,  and  Committees  appointed  by  the  Sanitary  Authonty._ 

id)  Water  must  be  supplied  to  every  animal  kept  m  a  lair  prior  to  slaughtei. 

\e)  Mode  of  Slaughter.—CMe  must  be  secured  by  the  head  so  as  to  be  felled  with  as 

little  pain  as  practicable.  ,  ,    ,     ,  •     a:  •    *  a^,. 

(  f)  Dramage,  water-supply,  and  ventilation  must  be  kept  in  efficient  oi  dei.  _ 
(q)  Cleanliness.— The  walls  and  floor  must  be  kept  iu  good  order  and  repair,  and 
must  be  thoroughly  cleansed  within  three  hours  after  any  slaughtering  ;  tli™!^ /J^,*^^ 
ceiling  must  be  limewashed  four  times  yearly,  that  is  to  say,  within  the  first  ten  days 
of  March,  June,  September,  and  December  respectively. 

(h)  Animals  not  to  be  kept.-^o  dog  may  be  kept  m  a  slaughter-bouse :  nor  other 
animal,  unless  intended  for  slaughter  upon  the  premises,  and  then  only  in  proper  lairs, 
and  not  longer  than  may  be  necessary  for  preparing  it  for  slaughter  by  fasting  or 

^^^TiT^moval  o/iJe/wse.— Suitable  vessels  made  of  non-absorbent  materials,  and  provided 
with  close-fitting  covers,  must  be  provided  for  the  reception  of  blood,  manure,  garbage, 
and  other  refuse  ;  all  such  matters  must  be  placed  in  these  vessels  immediately  after 
the  slauf^htering  ;  the  refuse  must  be  removed  within  twenty -four  hours,  and  the  vessels 
forthwith  cleansed.   All  skins,  fat,  and  offal  must  be  removed  within  twenty-four  hours. 

If  any  person  is  convicted  of  killing  or  dressing  any  cattle  contrary  to  the 
provisions  of  the  Public  Health  Act,  or  of  the  non-observance  of  any  of  the 
bye-laws  or  regulations  made  under  the  Act,  the  justices  before  whom  he  is 
convicted  may  suspend  the  licence  for  two  months  or  less,  and  in  the  event 
of  a  second  offence  may  revoke  the  licence  (Towns  Improvement  Clauses  Act, 
1847,  sections  125  to  130,  incorporated  in  section  169  of  the  Public  Health 
Act,  1875).  A  similar  revocation  of  licence  may  follow  on  conviction  for 
sale'  of  meat  unfit  for  food  (Pubhc  Health  Acts  Amendment  Act,  1890, 
section  31). 

In  London,  by  section  20  of  the  Public  Health  (London)  Act,  1891,  it  is 
provided  that  a  person  carrying  on  the  business  of  a  slaughterer  of  cattle  or  of 
horses,  knacker  or  dairyman,  may  not  use  any  premises  in  London  (outside 
the  city)  as  a  slaughter-house  without  a  licence  from  the  County  Council. 
In  the  city,  the  hcensing  authority  is  the  Commissioners  of  Sewers.  The 
section  does  not  extend  to  slaughter-houses  erected  in  the  Metropolitan 
Cattle  Market,  under  the  authority  of  the  Metropolitan  Market  Act,  1851, 
or  the  similar  Act  of  1857.  The  general  provisions  as  to  slaughter-houses  are 
the  same  as  in  the  provinces,  particularly  when  read  in  conjunction  with 
section  47  relating  to  the  sale  of  unsound  food.  Conviction  under  this 
section  entails  cancellation  of  licence. 

In  Scotland.— The  Public  Health  (Scotland)  Act,  1897,  does  not  speci- 
ally deal  with  slaughter-houses,  but  the  business  of  a  "slaughterer  of  cattle 
or  horses"  is  included  under  offensive  trades,  and  is  practically  subject  to 
the  regulations  which  govern  them  both  in  burghs  and  landward  districts 
(section  32). 

Under  section  33,  a  person  carrying  on  the  business  of  a  slaughterer  of 
cattle  or  horses  or  knacker  shall  not  use  any  premises  as  a  slaughter-house 
or  knacker's  yard  without  a  licence  from  the  Local  Authority,  under  a 
penalty  not  exceeding  £5,  and  the  fact  that  cattle  or  horses  have  been 
taken  into  unlicensed  premises  shall  be  primd  fade  evidence  that  an 
offence  has  been  committed. 

In  the  burghs,  the  Commissioners  have  full  control  over  the  slaughter- 
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houses,  and  none  can  be  used  without  their  licence  ;  moreover,  if  they 
provide  premises  of  this  kind,  no  others  may  be  used  (Burgh  Police  (Scot- 
land) Act,  1892,  sections  278  to  287).  .   „  , 

In  Ireland,  the  provisions  of  the  Public  Health  Act  are  practically  the' 
same  as  those  in  force  in  England.  In  towns  constituted  under  the  Towns. 
Improvement  (Ireland)  Act,  1854,  if  section  47  of  that  Act  has  been  adopted, 
the  provisions  of  the  Towns  Clauses  Act,  1847,  incorporated  into  the  Public 
Health  (Ireland)  Act  by  virtue  of  section  105,  with  regard  to  slaughter- 
houses, will  be  in  force  although  such  towns  may  not  be  urban  sanitary 
districts;  and  the  Town  Commissioners  "may  by  special  order  purchase,, 
rent,  build,  or  otherwise  provide  such  slaughter-houses  and  knackers'  yards 
as  they  think  proper  for  slaughtering  cattle  within  the  town." 


UNSOUND  FOOD. 

In  England  and  Wales.— Under  the  Public  Health  Act,  1875,  the 
Medical  Officer  of  Health  and  Inspector  of  Nuisances  have  power,  at  all 
reasonable  times,  including  Sunday,  to  examine  or  inspect  any  animal, 
carcass,  meat,  poultry,  game,  flesh,  fish,  fruit,  vegetables,  corn,  bread,  flour 
or  milk  exposed  for  sale,  or  deposited  for  the  purposes,  of  sale,  or  of 
preparation  for  sale,  and  intended  for  the  food  of  man  ;  and  may  seize 
the  same  if  diseased,  unsound,  or  unwholesome,  and  take  it  to  a  magistrate 
(section  116),  who  may  order  it  to  be  destroyed  or  so  disposed  of  as  to 
prevent  it  from  being  exposed  for  sale  or  used  for  the  food  of  man,  and 
inflict  a  penalty  not  exceeding  £20,  or  a  term  of  imprisonment  of  not  more: 
than  three  months  (section  1 17).    The  proof  that  it  was  not  intended  for  the 
food  of  man  rests  with  the  person  charged.    Any  person  hindering  these 
officers  from  inspecting  meat,  &c.,  is  subject  to  a  penalty  of  £5  (section 
118)     On  complaint  made  by  oath  by  any  officer  of  a  Sanitary  Authority 
that  there  is  reason  to  believe  that  there  is  kept  or  concealed  on  any 
premises  any  articles  to  which  these  sections  apply,  a  justice  may  grant  a 
search  warrant,  and  any  person  hindering  the  execution  of  this  warrant  is 
Uable  to  a  penalty  of  £20  (section  119).  .  j» 

Under  the  Sale  of  Food  and  Drugs  Act,  1899,  the  expression  food 
shall  include  every  article  used  for  food  or  drink  by  man,  other  than  drugs 
or  water,  and  any  article  which  ordinarily  enters  into  or  is  used  m  the  com- 
position or  preparation  of  human  food ;  and  shall  also  include  flavouring 
matters  and  condiments.  Under  this  Act,  margarine  and  margarme  cheese, 
adulterated  or  impoverished  butter,  milk,  or  cream,  machme-skimmed  miik 
or  skimmed  milk,  or  any  adulterated  or  impoverished  article  of  food  t(> 
which  Her  Majesty  may  by  Order  in  Council  direct  that  this  section  shall 
be  apphed,  must  not  be  imported  unless  the  same  be  imported  m  packages 
or  receptacles  conspicuously  marked  with  a  name  or  description  indicating 
that  the  article  has  been  so  treated.  v  fi.„ 

In  markets  and  fairs  under  the  control  of  a  Sanitary  Authority  the  sale 
of  unwholesome  meat  or  provisions  is  subject  to  similar  provisions  under 
section  15  of  the  Market  and  Fairs  Clauses  Act,  1847,  which  is  incorporated 
with  the  Public  Health  Act,  1875.  Where  the  market  or  f^ir  does  not 
belong  to  the  local  authority  the  above  provisions  will  not  apply,  unie.^ 
a  local  Act  is  in  force,  with  which  the  Market  and  Fairs  Ckuses  Act  s 
incorporated.  A  Sanitary  Authority  can  make  bye-laws  for  P^eventn  g  tlie 
sale  of  unwholesome  provisions  in  a  market  or  fair  by  section  of  the  Act 
of  1847,  also  incorporated  in  the  Public  Health  Act,  1875;  but  o^Miig  to- 
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the  stringency  of  sections  116  to  119  of  this  latter  Act,  these  bye-laws  will 
be  rarely  necessary. 

In  London,  under  section  47  of  the  Public  Health  (London)  Act,  1891,  the 
provisions  as  to  the  sale  of  unsound  food  are  somewhat  more  stringent.  The 
London  Act  not  only  closely  follows  the  lines  of  section  28  in  Part  III.  of 
the  Amendment  Act,  1890,  but  renders  the  offender  liable,  on  conviction,  to 
a  fine  not  exceeding  £50,  or  imprisonment  for  six  months  with  or  without 
hard  labour.  The  section  further  enforces  the  liability  of  the  previous 
vendor  of  the  food,  and  also  renders  anyone  obstructing  an  ofl&cer  acting 
under  a  warrant  for  entry  within  twelve  months  after  a  previous  conviction 
for  obstruction,  or  evidently  with  intent  to  prevent  detection,  liable  to 
imprisonment  for  a  month  in  heu  of  fine.  The  Sanitary  Authority  have 
further  the  duty  placed  upon  them  of  removing  unsound  food,  as  if  it  were 
trade  refuse,  on  the  receipt  of  written  notice  from  a  person  having  possession 
of  the  same. 

In  Scotland,  under  section  43,  Public  Health  (Scotland)  Act,  1897,  any 
medical  ofl&cer  or  Sanitary  Inspector,  or  any  veterinary  surgeon  approved 
for  the  purposes  of  this  section  by  the  Local  Authority,  may  inspect  and 
examine  (1)  any  animal,  alive  or  dead,  intended  for  the  food  of  man,  which 
is  exposed  for  sale,  or  deposited  in  any  place,  or  in  the  course  of  transmission 
for  the  purpose  of  sale  or  of  preparation  for  sale ;  and  (2)  any  article, 
whether  solid  or  liquid,  intended  for  the  food  of  man,  and  sold  or  exposed 
for  sale,  or  deposited  in  any  place,  or  in  the  course  of  transmission  for  the 
purpose  of  sale  or  of  preparation  for  same :  the  proof  that  the  same  was 
not  exposed  or  deposited  or  in  course  of  transmission,  or  was  not  intended 
for  the  food  of  man,  resting  with  the  person  charged;  and  if  any  such 
animal  or  article  appears  to  such  medical  oflRcer  or  Sanitary  Inspector  to  be 
unfit  for  the  food  of  man,  he  may  seize  and  carry  away  the  same  himself  or 
by  an  assistant  in  order  to  have  the  same  dealt  with  summarily  by  a  sheriff, 
magistrate,  or  justice.  In  the  burghs,  there  is  power  to  "  seize  and  destroy 
diseased  cattle,  whether  offered  for  sale  or  not,  and  to  prosecute  the  original 
sellers  of  diseased  meat  or  animals  intended  for  human  food,  whether  within 
or  without  the  burgh  "  (Burgh  Police  (Scotland)  Act,  1892,  sections  428-9), 

In  Ireland.— Sections  132  to  135  of  the  PubHc  Health  (Ireland)  Act, 
1878,  contain  very  similar  provisions  as  to  unsound  food  as  are  contained  in 
the  corresponding  English  Act,  with  the  addition  of  butter  in  the  classifica- 
tion of  articles.  Section  42  of  the  Markets  and  Fairs  Clauses  Act,  1847,  is 
not  incorporated  in  the  Irish  Act,  but  section  1 08  of  this  latter  Act  enables 
an  urban  Authority  to  make  bye-laws  for  the  prevention  of  the  sale  of  un- 
wholesome food  in  aU  markets  and  fairs  belonging  to  it.  Section  15  of  the 
Markets  and  Pairs  Clauses  Act,  1847,  "  applies  only  in  the  case  of  a^i  urban 
Authority."  With  these  exceptions,  the  Irish  and  English  enactnients  in 
respect  of  this  matter  are  similar. 


HOESE-FLESH. 

The  provisions  controlling  the  sale  of  horse-flesh  for  human  food  are  the 
same  in  all  parts  of  England,  Wales,  Scotland,  Ireland,  and  the  Metropolis. 
They  are  contained  in  the  Sale  of  Horse-flesh,  &c..  Regulation  Act,  1889, 
which  defines  "horse-flesh"  to  be  such  flesh  cooked  or  uncooked,  alone  or 
mixed  with  other  substances,  and  includes  the  flesh  of  asses  and  mules 
(section  7). 

This  Act  (section  1)  provides  that  the  flesh  of  horses,  asses,  or  mules 
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must  not  be  sold  or  kept  for  sale  for  human  food,  except  in  a  shop  or  stall 
over  or  upon  which  is  placed  conspicuously,  in  legible  characters  four  inches 
lono-,  an  announcement  that  horse-flesh  is  sold  there.  It  also  prohibits  the 
sale  of  horse-flesh  for  human  food  to  any  purchaser  asking  for  other  meat, 
or  for  a  compound  article  not  usually  made  of  horse-flesh  (section  2).  Any 
person  offending  against  these  provisions  is  liable  to  a  penalty  not  exceeding 
MO,  to  be  recovered  summarily  (section  6).  The  machinery  and  procedure 
for  the  inspection,  obtaining  of  a  search  warrant,  seizing  and  taking  of 
suspected  meat  before  a  justice,  is  similar  to  that  contained  in  sections  116  to 
U9  of  the  Public  Health  Act,  1875,  and  already  detailed  under  the  heading  of 
unsound  meat.  The  principal  point  of  difference  is  that  the  power  of  inspect- 
in"  is  given  not  only  to  the  Medical  Officer  of  Health  and  Sanitary  Inspector, 
but  also  to  any  other  officer  of  the  Sanitary  Authority  (sections  3  to  5). 

In  London,  the  Vestries  and  District  Boards,  and  the  Commissioners  of 
Sewers  in  the  City,  are  the  local  authorities  for  the  administration  of 
this  Act.  In  the  rest  of  England  and  Wales,  and  in  Ireland,  the  local 
authorities  are  the  urban  and  rural  Sanitary  Authorities  under  the  re- 
spective Public  Health  Acts.  In  its  application  to  Scotland,  the  expression 
"justice"  includes  a  Sheriff  and  Sheriff-Substitute,  and  "local  authority" 
means  any  local  authority  authorised  to  appoint  a  PubHc  Analyst  under 
the  Sale  of  Pood  and  Drugs  Act,  1875. 

ADULTEKATION  OF  POOD. 

The  legislative  enactments  relating  to  this  matter,  in  respect  of  the  whole 
of  Great  Britain  and  Ireland,  are  contained  in  the  Sale  of  Food  and  Drugs 
Act,  1875,  the  Sale  of  Food  and  Drugs  Act  Amendment  Act,  1879,  the 
Marc^arine'Act,  1887  (so  far  as  concerns  England  and  Wales),  the  Local 
Government  Act,  1888,  and  the  Sale  of  Pood  and  Drugs  Act,  1899,  which 
extends  to  the  whole  of  the  United  Kingdom.  .  ^ 

Section  26  of  the  Sale  of  Pood  and  Drugs  Act,  1899,  defines  "food  for 
the  purposes  of  the  Sale  of  Pood  and  Drugs  Act  as  including  every  article  used 
for  food  or  drink  by  man,  other  than  drugs  or  water,  and  any  article  wliich 
ordinarHy  enters  into  or  is  used  in  the  composition  or  preparation  of  human 
food  :  and  shall  also  include  flavouring  matters  and  condiments.  The  bale 
of  Food  and  Drugs  Act,  1875,  further  provides  that  "no  person  shall  mix, 
colour,  stain,  or  powder  (or  order  or  permit  any  other  person  to  mix,  colour, 
stain  or  powder)  any  article  of  food  with  any  ingredient  or  material  so  as 
to  render  the  article  injurious  to  health,  with  intent  that  the  same  may  be 
sold  in  that  state ;  and  no  person  shall  seU  any  article  so  mixed,  coloured, 
stained,  or  powdered,  under  a  penalty  not  exceeding  £50  for  a  first  offence, 
and  on  a  subsequent  conviction,  of  imprisonment  with  hard  labour  tor  a 
period  not  exceeding  six  months  "  (section  3).  The  same  prohibitions  and 
penalties  apply  to  the  like  treatment  of  drugs  (section  4),  but  no  liability  is 
incurred  if  the  accused  person  can  show  that  he  was  unaware  of  the  admix- 
ture, and  could  not  "with  reasonable  diligence"  have  known  that  the  tool  , 
or  drug  was  so  adulterated  (section  5). 

Further,  "no  person  shall  sell,  to  the  prejudice  of  the  purchaser,  any 
article  of  food  or  any  drug  which  is  not  of  the  nature,  substance,  and  quahty 
of  the  article  demanded  by  such  purchaser,  under  a  penalty  not  exceeding 
£20  •  but  no  offence  shall  be  deemed  to  be  committed  under  this  section  m 
the  following  cases  :-(l)  Where  any  matter  or  ingredient  not  injurious  to 
health  has  been  added  to  the  food  or  drug  because  the  same  is  required  tor 
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the  production  or  preparation  thereof  as  an  article  of  commerce  in  a  state 
fit  for  carriage  or  consumption,  and  not  fraudulently  to  increase  the  bulk, 
weight,  or  measure  of  the  food  or  drug,  or  conceal  the  inferior  quality 
thereof;  (2)  where  the  drug  or  food  is  a  proprietary  medicine,  or  is  the 
subject  of  a  patent  in  force,  and  is  supplied  in  the  state  required  by  the 
specification  of  the  patent ;  (3)  where  the  food  or  drug  is  compounded  .... 
[and  the  provisions  of  the  seventh  and  eighth  sections  are  observed] ;  (4) 
where  the  food  or  drug  is  unavoidably  mixed  with  some  extraneous  mattet 
in  the  process  of  collection  or  preparation  "  (section  6). 

As  regards  these  exemptions,  the  onus  probandi  rests  with  the  defendant 
(section  24).  No  person  shall  sell  any  compound,  drug,  or  article  of  food 
which  is  not  composed  of  ingredients  in  accordance  with  the  demand  of  the 
purchaser,  under  a  penalty  not  exceeding  £20  (section  7) ;  but  no  off'ence 
under  this  section  is  committed  in  respect  of  the  sale  of  a  drug  or  article  of 
food  mixed  with  an  ingredient  not  injurious  to  health  if  it  is  labelled  as 
"  mixed  "  at  the  time  of  the  sale  (section  8). 

Section  9  of  the  Act  provides  that  "  no  person  shall  (with  the  intent  that 
the  same  may  be  sold  in  its  altered  state  without  notice)  abstract  from  an 
article  of  food  any  part  of  it,  so  as  to  affect  injuriously  its  quality,  substance,, 
or  nature ;  and  no  person  shall  sell  any  article  so  altered  without  making 
disclosure  of  the  alteration,  under  a  penalty  not  exceeding  £20."  In  any 
prosecution  under  this  Act,  the  defendant  is  to  be  discharged  if  he  proves- 
to  the  satisfaction  of  the  Court  (a)  that  he  bought  the  article  as  being  the 
same  in  nature,  substance,  and  quality  with  that  demanded  by  the  purchaser,, 
and  with  a  written  warranty  to  that  efi"ect ;  (b)  that  at  the  time  of  sale  he- 
had  no  reason  to  beheve  it  to  be  otherwise ;  and  (c)  that  he  sold  it  in  the- 
same  state  as  when  he  purchased  it  (section  25). 

In  order  to  carry  out  the  provisions  of  this  Act,  in  every  district  a  com- 
petent person  may  be,  and  if  required  by  the  Local  Government  Board 
must  be,  appointed  as  Public  Analyst  (section  10).  Every  Public  Analyst, 
appointed  on  or  after  1st  January  1900  will  be  required  to  furnish  sufficient- 
proof  of  his  competent  skill  and  knowledge  of  analytical  chemistry,  thera- 
peutics, and  microscopy.  The  Local  Government  Board  accept  as  sufficient, 
evidence  of  competency  the  Diploma  of  Fellowship  or  Membership  of  the 
Institute  of  Chemistry,  together  with  the  certificate  granted  by  the  Institute- 
after  examination.  The  diploma  as  a  registered  medical  practitioner  is- 
accepted  as  sufficient  proof  of  competency  in  microscopy  and  therapeutics,, 
but  evidence  of  sufficient  skill  a-nd  knowledge  of  analytical  chemistry  wiU 
also  have  to  be  furnished.  In  the  case  of  boroughs  having  a  separate- 
Court  of  Quarter  Sessions,  or  a  separate  police  force,  this  appointment- 
is  made  by  the  Town  Council ;  while  for  all  other  parts  of  the  country 
the  appointment  is  made  by  the  County  Council  (Local  Government  Act,, 
1888,  sections  3,  38,  and  39).  All  these  appointments  and  reappoint- 
ments are  subject  to  the  approval  of  the  Local  Government  Board.  "Where- 
a  Public  Analyst  is  thus  appointed,  any  purchaser  of  an  article  of  food 
or  drug  within  the  district  shall  be  entitled  to  have  it  analysed  for  ai 
fee  of  10s.  6d.,  otherwise  by  another  Public  Analyst  at  such  fee  as  he  may- 
require,  and  in  either  case  to  have  a  certificate  of  the  result  (section  12)i. 
The  Medical  Officer  of  Health,  Inspector  of  Nuisances,  or  any  officer- 
charged  by  the  Sanitary  Authority  with  the  execution  of  the  Act,  may- 
procure  samples  of  food  and  drugs,  and  submit  them  to  the  Public  Analyst, 
{section  13).  The  quantities  of  the  samples  purchased  under  section  13^ 
should  not  be  less,  in  the  case  of  milk,  than  1  pint ;  butter,  |  of  a  lb ;  lard , 
f  of  a  fi) ;  coffee,  |  of  a  lb ;  spirits,  f  of  a  pint.    Any  person  puuchasing 
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an  article  for  analysis  shall,  upon  the  completion  of  the  purchase,  forthwith 
notify  to  the  seller  his  intention  to  have  it  analysed  by  the  Public  Analyst, 
and  shall  offer  to  divide  it  into  three  parts,  to  be  then  and  there  separated, 
and  each  part  to  be  marlted  and  sealed  or  fastened  up,  and  shaU,  if  required 
to  do  so,  proceed  accordingly,  and  shall  deliver  one  of  the  parts  to  the  seller. 
One  of  the  three  parts  must  be  retained  for  future  comparison,  and  the  third 
delivered  up  to  the  Public  Analyst  (section  14).  If  the  seller  does  not  accept 
the  offer  of  division,  the  Analyst  must  divide  the  sample  into  two  parts, 
sealing  and  delivering  up  one  of  them  to  the  purchaser  (section  15). 
Samples  may  be  sent  by  registered  parcel  post  to  the  Public  Analyst,  if  his 
residence  is  two  miles  from  that  of  the  purchaser  (section  16). 

Any  person  refusing  to  sell  to  an  officer  of  the  Sanitary  Authority  any 
article  of  food  or  drug  on  sale  by  retail,  the  price  being  tendered,  and  the 
quantity  demanded  not  being  greater  than  is  reasonably  requisite,  is  liable 
to  a  penalty  not  exceeding  £10  (section  17).  The  certificate  of  the  Analyst 
must  be  in  the  following  prescribed  form  (section  18) : — 

To  \name  of  persoii  submitting  the  article]. 

I,  the  undersigned,  Public  Analyst  for  the  [County,  Borough,  dsc,  of  .  .  .  ],  do 
hereby  certify  that  1  received  on  the  .  .  day  of  .  .  .  from  [name  of  parson  delivering  it, 
or  the  postal  officer'],  a  sample  of  [description  of  article]  for  analysis  (which  then 
weighed  .  .  .  ),  and  have  analysed  the  same,  and  declare  the  result  of  my  analysis  to 
be  as  follows — 

I  am  of  opinion  that  the  same  is  a  sample  of  genuine  .  .  . 

or 

I  am  of  opinion  that  the  said  sample  contained  the  parts  as  under  .  .  . 

or 

The  percentages  of  foreign  ingredients  as  under — 

Observations. 

As  witness  my  hand,  tbis  .  .  day  of  .  .  . 
A.  B. 
At 


Under  the  Sale  of  Food  and  Drugs  Act,  1899,  if  there  is  imported  into 
the  United  Kingdom  margarine  or  margarine  cheese,  except  in  packages  con- 
spicuously marked  margarine  or  margarine  cheese ;  or  adulterated  or 
impoverished  butter  or  milk  or  cream,  except  in  packages  or  cans  con- 
spicuously marked  with  a  name  or  description  indicating  that  the  butter  or 
milk  or  cream  has  been  so  treated ;  or  condensed,  separated,  or  skimmed 
milk  except  in  tins  or  other  receptacles  which  bear  a  label  whereon  the 
words  "Machine-skimmed  Milk"  or  "Skimmed  MUk,"  as  the  case  may 
require,  are  printed  in  large  and  legible  type ;  or  any  adulterated  or  im- 
poverished article  of  food  to  which  Her  Majesty  may,  by  Order  m  Council, 
direct  that  this  section  (1)  shall  be  applied,  unless  the  same  be  imported  m 
packao-es  or  receptacles  conspicuously  marked  with  a  name  or  description 
indicating  that  the  article  has  been  so  treated ;  the  importer  shall  be  liable 
on  summary  conviction,  for  the  first  offence  to  a  fine  not  exceeding  £20, 
for  the  second  offence  to  a  fine  not  exceeding  £50,  and  for  any  subsequent 
offence  to  a  fine  not  exceeding  £100.  _ 

When  the  article  cannot  conveniently  be  weighed,  the  passage  m  tlie 
certificate  having  reference  thereto  may  be  erased  or  the  blank  left  unfiUed. 
The  above  certificate  of  the  Analyst  is  sufficient  evidence  of  the  facts  therein 
stated,  unless  the  defendant  requires  the  Analyst  to  be  caUed  as  a  witness 
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(section  21).  The  justices  before  whom  a  case  is  heard  may,  at  the  request 
of  either  party,  cause  any  article  of  food  or  drug  to  be  sent  to  the 
Commissioners  of  Inland  Revenue  for  analysis  by  the  chemists  of  their 
■department  at  Somerset  House  (section  22). 

Owing  to  certain  defects  in  the  Act  of  1875,  an  Amendment  Act  was 
passed  in  1879.  This  latter  Act  qualifies  the  earlier  one  by  stating  that 
"it  shall  be  no  defence  to  allege  that  the  purchaser  is  not  prejudiced  by 
the  sale  of  adulterated  articles,  on  the  ground  that  he  bought  it  for  analysis 
only ;  or  to  allege  that  the  article  in  question,  though  defective  in  nature, 
or  substance,  or  quality,  was  not  defective  in  all  three  respects "  (section 
2).  The  next  section  enables  the  Medical  Officer  of  Health,  inspector  or 
constable  charged  with  the  execution  of  the  Act  to  procure,  at  the  place 
of  delivery^  a  sample  of  milk  in  course  of  delivery  to  the  purchaser  or 
consignee,  in  pursuance  of  any  contract;  and  may  submit  the  sample  to 
the  Public  Analyst.  "The  seller,  or  his  representative,  if  he  refuses  to 
allow  a  sufficient  sample  to  be  taken,  is  liable  to  a  penalty  not  exceeding 
.£10  "  (section  4).  "  As  regards  spirits  not  adulterated  otherwise  than  by 
admixture  of  water,  it  is  a  good  defence  to  prove  that  the  admixture  has 
not  reduced  the  spirit  more  than  25  degrees  under  proof  for  brandy,  whisky, 
or  rum  ;  or  35  degrees  under  proof  for  gin  "  (section  6). 

In  order  to  prevent  the  fraudulent  sale  of  margarine  for  butter  the 
Margarine  Act,  1887  (now  cited  as  the  Sale  of  Food  and  Drucrs  Act  1875 
to  1899),  was  passed.  Section  3  of  this  Act  defines  "  butter  "  as  made 
exclusively  from  milk,  or  cream,  or  both,  with  or  without  salt  or  other  pre- 
servative, and  with  or  without  added  colouring  matter.  "Margarine" 
includes  all  substances,  whether  compounds  or  otherwise,  prepared  in  imita- 
tion of  butter,  and  whether  mixed  with  butter  or  not.  It  is  unlawful  to 
manufacture,  sell,  expose  for  sale,  or  import  any  margarine,  the  fat  of 
which  contains  more  than  10  per  cent,  of  butter  fat.  The  expression 
"  margarine  cheese  "  means  any  substance,  whether  compound  or  otherwise 
which  is  prepared  in  imitation  of  cheese,  and  which  contains  fat  not  derived 
from  milk.  No  such  substance  may  be  lawfully  sold,  except  under  the 
name  of  margarine  or  margarine  cheese  and  under  the  following  conditions 
set  forth  in  the  Act. 

Every  package  of  margarine  or  margarine  cheese,  whether  open  or  closed, 
must  be  so  marked  as  "margarine"  or  "margarine  cheese"  in  printed 
capital  letters  not  less  than  \  an  inch  long,  and  the  brand  or  mark  shall  be 
on  the  package  itself  and  not  solely  on  a  label,  ticket,  or  other  thing  attached 
thereto  ;  and  every  person  selling  margarine  by  retail,  save  in  a  package  duly 
branded  or  marked  in  accordance  with  the  above  requirements,  must  in  every 
case  deliver  it  to  the  purchaser  in  or  with  a  paper  wrapper  on  which  is 
printed  "  margarine  "  in  capital  block  letters  not  less  than  \  an  inch  lon^  and 
distinctly  legible,  and  no  other  printed  matter  shall  appear  on  the  WTapper 
All  margarine  factories  must  be  registered  with  the  Sanitary  Authority  by 
whom  the  Public  Analyst  of  the  district  is  appointed  (section  9).  Officers 
authorised  to  take  samples  under  the  Sale  of  Food  and  Drugs  Act  may 
take  samples  of  butter,  or  substances  purporting  to  be  butter,  exposed  for 
sale  and  not  marked  as  margarine,  without  going  through  the  form  of  pur- 
chase required  by  that  Act,  but  otherwise  complying  with  its  provisions  as 
to  dealing  with  the  samples  (section  10).  Any  such  substances  not  being 
marked  as  margarine  are  to  be  presumed  to  be  exposed  for  sale  as  butter  so 
that  there  is  a  possible  offence  under  both  Acts.  There  is  a  savincr  clause 
similar  to  section  25  of  the  Sale  of  Food  and  Drugs  Act,  namely  that  the 
vendor  is  absolved  if  he  proves  that  he  bought  the  article  with'a  written 
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warranty,  and  sold  it,  in  the  same  state  as  when  bought,  believing  it  to  be 

butter  (section  7).  j  oon  ^     i.i    ^  i. 

Penalties  for  offences  under  the  Acts  may  not  exceed  £20  tor  the  trst 
offence,  £50  for  the  second,  and  £100  for  the  third  or  any  subsequent 
offence' (section  4).  Any  part  of  these  penalties  may,  if  the  Court  so  direct, 
be  paid  to  the  person  who  proceeds  for  the  same,  to  reimburse  him  for  the 
legal  costs  of  obtaining  the  analysis,  and  any  other  reasonable  expenses 
to  which  the  Court  may  consider  him  to  be  entitled  (section  1,  Act  1899, 

and  section  11,  Act  1875).  •,     -r.     ^  * 

Under  section  4,  Sale  of  Food  and  .Drugs  Act,  1899,  the  Board  of 
Agriculture  may,  after  such  inquiry  as  they  deem  necessary,  make  regula- 
tions for  determining  what  defioiency  in  any  of  the  normal  constituents  of 
crenuine  milk,  cream,  butter,  or  cheese,  or  what  addition  of  extraneous  matter 
or  proportion  of  water,  in  any  sample  of  milk  (including  condensed  milk), 
cream,  butter,  or  cheese,  shall,  for  the  purposes  of  the  Sale  of  Food  and 
Drugs'  Act,  raise  a  presumption,  until  the  contrary  is  proved,  that  the  milk, 
cream,  butter,  or  cheese  is  not  genuine,  or  is  injurious  to  health,  and  an 
analyst  shall  have  regard  to  such  regulations  in  certifying  the  result  of  an 
analysis  under  these  Acts.  The  regulations  under  this  section  shall  be 
notified  in  the  London  and  Edinburgh  Gazettes. 


DAIRIES,  COWSHEDS,  AND  MILKSHOPS. 

In  England  and  Wales.— It  has  already  been  shown  that,  under  section 
117  Public  Health  Act,  1875,  and  under  the  15th  section  of  the  Markets, 
Fairs,  and  Fairs  Clauses  Act,  1847,  unwholesome  provisions,  including  milk, 
may  'be  dealt  with  by  seizure  and  condemnation.  The  Acts,  however, 
which  are  most  active  in  regulating  the  milk-supply  are  the  Contagious 
Diseases  (Animals)  Acts,  1878-1886.  Under  these  Acts  (section  34  of  18  (  b 
and  section  9  of  1886),  the  Local  Government  Board  have  power  to  make 
general  or  special  Orders  for  (1)  the  registration  with  the  Local  Authority  of 
all  persons  carrying  on  the  trade  of  cowkeepers,  dairymen,  or  purveyors  ot 
milk  •  (2)  for  the  inspection  of  cattle  in  dairies  and  the  general  sanitation 
of  dairies  and  cowsheds;  (3)  for  securing  the  cleanliness  of  milk  stores, 
shops,  and  vessels  for  containing  milk ;  (4)  for  guarding  milk  against 
infection ;  (5)  and  for  authorising  Local  Authorities  to  make  regulations  for 
any  or  aU  of  the  aforesaid  purposes.  ^     ,  ^  ^  t3     a  ■  .^a 

Under  the  powers  thus  conferred,  the  Local  Government  Board  issued 
the  Dairies,  Cowsheds,  and  Milkshops  Orders  of  1885  and  1886  the  chief 
effect  of  which  Orders  is  to  throw  upon  every  urban  and  rural  Sanitary 
Authority  the  duty  of  supervising  the  milk  tmde  m  their  district  and 
S  carrying  out  certain  general  regulations  prescribed  by  the  Orders.  These 
duttes  are^ommon  to  all  districts  alike,  but  any  Sanitary  Authority  may 
arm  itself  with  further  powers  by  making  regulations  under  section  13  ot 
th^  Order  of  1885,  having  the  force  of  bye-laws.  The  chief  provisions  of 
the  Order  of  1885,  as  amended  by  that  of  1886  and  1889,  are  summarised 
as  follows : — 

Sect.ion  6.  (1)  It  shall  not  be  lawful  for  any  person  to  carry  on  ^l^  t;!^,  distric^^^^ 
S  r'gisttalio^^haU  n^^^^^^^  authorise  snch  person  to  occupy  as  a  dairy  or 
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cowshed  any  particular  building,  or  in  any  way  preclude  any  proceedings  being  taken 
against  him.  (4)  The  Sanitary  Authority  shall  from  time  to  time  give  public  notice  of 
registration  being  required,  and  of  the  mode  of  registration.  (5)  A  person  who  carries 
on  the  trade  ot  cowkeeper  or  dairyman  for  the  purpose  only  of  making  or  selling  butter 
or  cheese,  or  both,  and  who  is  not  also  a  purveyor  of  milk,  need  not  be  registered.  (6> 
A  person  who  sells  milk  of  his  own  cows  in  small  quantities  to  his  workmen  or  neigh- 
bours for  their  accommodation  need  not,  by  reason  thereof,  be  registered. 

Section  7.  (1)  It  shall  not  be  lawful  to  begin  to  occupy  as  a  dairy  or  cowshed  any 
building  not  so  occupied  at  the  commencement  of  this  Order,  until  provision  is  made,  to 
the  reasonable  satisfaction  of  the  Sanitary  Authority,  for  the  lighting  and  ventilation, 
including  air-space,  and  the  cleansing,  drainage,  and  water-supply  :  (2)  or  without  fii-st 
gmng  one  month's  notice  in  writinj?  to  the  Sanitary  Authority 

_ -S-drfzoa  8.  It  shall  not  be  lawful  for  any  ....  cowkeeper  or  dairyman  to  occupy  as  a 
dairy  or  cowshed  any  building-whetlier  so  occupied  at  the  commencement  of  this  Order 
or  not— It  •  .  .  .  the  lighting  and  ventilation,  including  air-space,  and  the  cleansing, 
drainage,  and  water-supply  thereof  are  not  such  as  are  necessary  or  proper  (a)  for  the 
health  and  good  condition  of  the  cattle  therein;  and  {b)  for  the  cleanliness  of  milk 
vessels  used  therein  for  containing  milk  for  sale  ;  and  (c)  for  the  protection  of  the  milk 
therein  against  infection  or  contamination. 

Section  9.  It  shall  not  be  lawful  for  any  ....  cowkeeper,  or  dairyman,  or  purveyor 
of  milk,  or  occupier  of  a  milkshop  (a)  to  allow  any  person  suffering  from  a  dangerous 
infectious  disorder,  or  having  recently  been  in  contact  with  a  person  so  suffering,  to 
milk  cows  or  to  handle  vessels  used  for  containing  mUk  for  sale,  or  in  any  way  to  take 
part  or  assist  in  the  conduct  of  the  trade  ....  so  far  as  regards  the  production,  distri- 
bution or  storage  of  milk  ;  or  (6)  if  himself  so  suffering,  or  having  recently  been  in 
contact  as  aforesaid,  to  milk  cows  or  handle  vessels  containing  milk  for  sale,  or  in  any 
way  to  take  part  m  the  conduct  of  his  trade  as  far  as  regards  the  production,  distribu- 

of  °"-n  '  ''''I'h  '°  ""'^         ^"  ^^"g^^'  therefrom  of  the  communication 

ot  infection  to  the  milk  or  of  its  contamination  has  ceased 

f  on  10.  It  shall  not  be  lawful  for  any  ...  .  cowkeeper,  dairyman,  or  purveyor 
wff  i  '  V°°;="PiV^J^'°'^''^*°''^°"'^>^'^«li°P  after  the  receipt  of  notice 

les  than  one  month  from  the  Local  Authority  calling  attention  to  the  provisions  of  this 
article,  to  permit  any  water-closet,  earth-closet,  privy,  cesspool,  or  uriial  to  be  within 

or^kshop  ^       '  °'  "^"'^  °'  ''''^     ^  milk  store 

&c«07Hl.  It  shall  not  be  lawful  for  any  .  .  .  .  cowkeeper,  or  dairyman,  or  purveyor 
of  milk  or  occupier  of  a  milk  store  or  milkshop,  to  use  a  milk  store  or  milkshop  in  hS 
ZZt'^'l:^  °'  *°      V^^d,  as  a  sleeping  apartment,  or  for  an^PU rpose 

shon^nH  nf  i-"^'*^  -il'  P'^P?'  preservation  of  the  cleanliness'  of  the  i^iilk  store  or  mUk- 

£mKon°:;jL"i^'^lSm°'         ''^'■^"^'  ^^^^^^  *° 

of  mn  ^  •  '^""^"^   cowkeeper,  or  dairyman,  or  purveyor 

of  milk  to  keep  any  swine  in  any  ...  .  building  used  by  him  for  keep  ng  cows  or 
m  any  milk  store  or  other  place  used  by  him  for  keeping  milk  for  sale         ^  ' 
Mutt"'"  Sanitary  Authority  may  from  time  to  time  make  regulations  for  the 

followmg  purposes,  or  any  of  them  -.-{a)  For  the  inspection  of  cattle  in  dairies  •  (b)  for 
:Sv  o?^  f '  ^^'^tilation:  cleansing,  drainage  and  SLer- 

;S  Ll  ITn^'a  '^^^^      -.V  •=  ^t^/^.'"  cleanliness  of 'milk  stores, 

I  milkshops,  and  niilk  vessels  used  for  containing  milk  for  sale  ;  (d)  for  prescribing  nrel 

SedtoH  14.  The  following  provisions  shall  apply  to  regulations  made  by  any  Sanitarv 
'  it  a  nJw^.""*^''*^^',  Order  Every  regulation  shall  be  published  by^advertTsement 

'  A„ti,    •?PT?"i"'°']^''^'"?  d''*^"i°*  °f  the  Sanitary  Authority.    (2)  The  Sanitarv 

..Authority  shall  send  to  the  Local  Government  Board  a  copy  of  every  recrulation  made 

See    "fsTif^l  ";r*l?  ""''r^  ''''  ^^^^^  ^^^^^^  for  sLhreguiyofS  come  int 

irnp^f  ^  any  time  the  Local  Government  Board  are  satisfied  on  inquiry  with 

regu  ation  that  the  same  is  of  too  restrictive  a  character,  or  otherwise 

oorihanth?;'  '"'^  '^'''°V'^'  revocation  thereof,  the  same  shall  not  come  into  operatron 
J  or  shall  thereupon  cease  to  operate,  as  the  case  may  be  F'^^'*""", 

nnrl  The  milk  of  a  cow  suffering  from  cattle  plague,  pleuro-pneumonia  or  foot- 

and-mouth  disease  («)  shal  not  be  mixed  with  other  milk  ;  ^nd  (6)  shall  not  be'  sold  or 
:S  boiler'"        '  """^      '^"^^  ''^^     "'""^      ^'"^^^     animals  unfess  it  has 

Under  the  Dairies,  Cowsheds,  and  Milkshops  Order,  1899  the  pro 
•mions  of  paragraphs  a  and  h,  Article  15,  shall  include  in  the 'case  of  a 
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<iow  such  disease  of  the  udder  as  shall  be  certified  by  a  veterinary  surgeon 

'"'"T^tT^ling  Order  of  Novexnber  1886  imposed  penalties  of  £5  for 
Pverv  oCce  a  Jnst  the  Order  of  1885,  and,  in  the  case  of  contmmng 
:Z'ce:  an  additional  daily  penalty  of  40s  The  Courts  have  power  to 
rpduoe  the  amounts  of  these  penalties  if  they  think  fit. 

The  expenses  of  Sanitary  Authorities  under  the  Contagious  Diseases 
^Animals)  lc^,  1878  and  1886,  are  to  be  defrayed  as  if  they  were  incurred 
l^rexecuttn  of  the  Public  Health  Act,  1875,  and  in  the  case  of  rural 
Authorities  are  to  be  deemed  general  expenses.  oa    t  ^  87R 

For  the  purpose  of  enforcing  Orders  under  section  34  of  the  Act  of  1878 
and  any  regulations  made  thereunder,  Sanitary  Authorities  and  their  officers 
will  have  the  same  right  of  entry  as  they  have  under  section  102  of  the 
Public  Health  Act,  1875,  in  respect  of  nuisances.  MilV,l.nn.  Orders 

It  is  to  be  regretted  that  the  Dairies,  Cowsheds,  and  Milkshops  Orders 
are  not  more  adequately  enforced  by  Sanitary  Auth-ties^f^^  custom  o 
combining  the  duties  of  inspection  of  dairies,  &c   with  that  "^^P^J^^J 
3er  the  Contagious  Diseases  (Animals)  Acts,  and  employing  pohce  officers 
Tr  the  e  duties!  gives  very  unsatisfactory  results.    Moreover,  the  power 
makTreg^^^^^^^  is  ver/inadequate  and  ^o^^^^t^^^^^  have   o  b 
<,areful  not  to  exceed  their  powers.     Another  defect  t^ia^^^^^^^^^^^^ 
pnthnritv  bv  which  milk  sellers  can  be  compelled  to  put  notice  boaras  or 
^ftmatin^r  to  th^  registration  over  their  doors.    To  these  criticisms 
mav Te  adrd  t^^^  the  present  state  of  the  law  is  unsatisfactory  in  regard  to 
SSaL  tmon-  cattle.    ''Disease,"  as  defined  by  the  Contagious  Diseases 
(ISZS^Act   1878,  means  "cattle  plague,  contagious  pleuro-pneumonia 
■  td"ntLfu^^^  disL^e,  sheep-pox,  or  sheep-scab."    No  mention  is  made  of 
tuberculosis ;  an  extension  of  the  definition  is  very  necessary. 

In  London  by  section  6  of  the  Local  Government  Act  1899,  it  shaU 
hp  the  dutv  of  each  Borough  Council  to  enforce  within  their  borough  the 
bye  kws  anVi^iSatio^^^  for  the  time  being  in  force  -«P-^,  ^^/^^^^^ 
Sd  mii  subiect  to  the  power  of  the  London  County  Council  to  make 
hve  kws  Undei  the  Public  Health  Act,  1891,  section  28,  powers  are  given 
tr^ioc^G—nt  Board  to  make  Orders  and  regulations  for  dain  , 
and  to  the  County  Council  and  the  Corporation  of  London  tojiake  bj  e 
laws  applicable  to  so  much  of  the  administrative  county  of  London  as  is  not 
included  in  the  city,  and  in  the  city  respectively. 

In  Scotland,  'mder  section  61  Public  Health  f  cotland)  Act  1^^^^^^ 
power  is  given  to  the  Local  Authority,  on  representation  f 
officer  or  medical  practitioner  that  the  outbreak  or  spread  of  infect^^^^^ 
•f  a  e  i  attributable  to  milk,  to  require  the  d-jonan  to  supply  in  o^^^^^^ 
tion  and  to  produce  a  list  of  ^^^^omers  and  invoices  and^^^^^ 
officer  has  evidence  that  any  person  ^^.^^^f  ^S^^^^^  make 

bein-  satisfied  that  the  milk  from  the  dairy  is  no  iongei  Ukeij 

•      ^^^tTr;trSection34of  the  Conta^^^^^^^  Act  ^ 

applied  to  Ireland  as  well  as  elsewhere,  and  m  P^-^^  .^^D^^^^^^^ 
an  Order  in  Council  was  nwle  ^n  August  1879,  k  own  a^^^^^^^^^ 
sheds,  and  Milkshops  Order  of  1879,  which     ^^^^^^ ^  to  the 

the  Act  of  1886.    This  Order  corresponds  to,  and  is  ^ery  simi 
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English  Order,  above  detailed,  of  1885.  Article  6  of  the  English  Order 
corresponds  to  article  12  of  the  Irish  Order;  article  7  of  the  English  is 
similar  to  article  5  of  the  Irish  Order;  while  the  articles  8,  9,  11,  12,  and 
lo  of  the  English  are  the  same  as  articles  6,  9,  10,  11,  and  18  of  the  Irish 
Order.  There  are  no  articles  in  the  Irish  Order  corresponding  to  10  and  14 
of  the  Enghsh  Order,  while  in  place  of  article  13  of  the  latter  Order, 
similar  provisions  to  it  are  placed  in  article  7  of  the  Irish  Order. 

There  was  no  Irish  amending  Order,  imposing  penalties,  like  that  of  the 
English  one  of  1886  ;  but  penalties  are  recoverable  for  offences  against  the 
V''?^'■o°io     I  '  61  of        P^^blic  Health  (Ireland) 

Act,  18  <  8.  In  applying  these  enactments  to  Ireland,  the  Local  Government 
^oard  for  Ireland  stands  m  precisely  the  same  position  as  the  English 
Board  does  to  England.  The  expenses  of  Sanitary  Authorities,  under  the 
JJairies  Order,  are  defrayed  as  explained  in  the  case  of  England  and  Wales  : 
the  same  sirnilarity  exists  as  to  powers  of  entry,  section  118  of  the  Irish 

substituted  for  section  102  of  the  English 
Act  of  1875.  * 
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In  England  and  Wales. -The  Public  Health  Act,  1875,  section  164. 
empowers  urban  Sanitary  Authorities  to  provide  and  regulate,  by  means  of 
bye-laws,  public  parks  and  pleasure  grounds.  To  pleasure  grounds, 
provided  under_  this  enactment,  the  public  have  a  right  of  admissSjn,  free 
of  charge;  but  m  consequence  of  the  advantages  which  had  been  fomld  to 
result  from  the  insertion  m  local  Acts  of  provisions  to  close  these  parks  and 
grounds  at  certain  tunes  and  to  make  charges  of  admission  thereto,  section 
,tb.n  cj^'.^^^^^f  Acts  Amendment  Act,  1890,  has  enabled  the 

urban  Sanitary  Authorities  of  districts  in  which  Part  III.  of  that  Act  has 
been  adopted  to  close  to  the  pubHc,  on  certain  days,  the  public  parks  and 

.gran   their  use  to  any  public  charity,  or  institution,  or  society^ or  show. 

:  gratuitously  or  on  payment.  Section  45  of  the  same  Act  has  extended  the 
powers  of  urban  Authorities  under  section  164  of  the  1875  Act  to  enable 

.them  to  contribute  towards  the  cost  of  laying  out,  planting,  and  mprovLg 

igrounT       ^  purposes°of  ;ublic  pr;ks  and ILasufe 

By  section  8  (1)  (d)  of  the  Local  Government  Act,  1894,  Parish  CouncHs 

wl.?I  fr  t  ^^t^"""  ^/'"S  under  their  control,  or  to  the  expense  of 
San  fcarv      W  contributed,  such  powers  as  may  be  exercised  by  urban 

•  Sanitary  Authorities  under  section  164  of  the  Public  Health  Act,  1875 

•Metr^nol^irn^"' Q  }^^^'        ^^^^^^^S  certain  provisions  of  the 

l^hotitieT^nr^  ^^^^  1^81,  to  all  urban  Sanitary 

•  Authorities  and  to  every  rural  Authority  invested  by  order  of  the  Local 

IrtrAutwil'f  rr^'  ^'-^^^    ^^^^  f^^^t 

2^.17  Authorities  for  the  acquisition,  maintenance,  and  regulation  of 
^open  spaces  including  disused  burial-grounds,  for  the  use  of  the  publ k 

^than  5SS0  Tnt'/.'^'f  ""^'.r'l^'^*^-^^*^  ^  P°P"l^tion  of  more 

■connppf  ants,  at  the  last  published  census,  have  powers  in 

•Sr-T'*^^  the  preservation  of  commons  either  wholly  or  ^partly  n 
:Act,  me"    "  '''''''''  ^-1-  8  of'^the  Commois 

In  London.-The  Gardens  in  Towns  Protection  Act,  1863,  enables  the 
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County  Council  and  tUe  <^^^^;^,^^i:^ 

over  which  ftcy  have  )  ^1'  "Zire  TnT  Kardcn  or  ornamental  ground  to  be 
entitled  thereto  the  nght  to  r  q^^^^  ^^^^^         Vut  upon 

kept  and  maintMned  as  '•"^        ...      f  fl^g  ,ated  inhabitants  of 

Such  gardens  may  be  managed  by  °' CouncUs, 

'^\'''^'VnTt:'B^^^T'd:^.^:  -tet  appUl  »£  the 

^'ormty'ctnciC  »  be^rnXd  by  the  Corporatio^  if  ^^^^ 

LTrc^inS?  atl'tgulatc  V  space,  and 

within  their  respective  spheres  °VT  jHofe  Act  o/^^  AH 

County  Council,  m  respect  of  any  '"''^^^^.^^j^se  ^nd  hold,  with  a 

have  the  same  power  to  oppose  ^^l^^^™' ^^^^^^^  git '■  any  saleable  rights 
view  to  prevent  extrnc^^^^^^^^^^^  tlr^Z^^^^^^^r^LI^  thereto  rights 
in  common,  or  any  tenement  ol  a  commonei  i       ^  i876,  upon 

of  common,  as  is  conferred  by  section  8  of        V^^^^  go,  by  the 

mlles  oi  the  .ty. 

and  all  rights  over  such  lands.  p^™^ons  Acts  do  not  apply,  but  a 

In  Scotland  the  Open  Spaces  f  .<i .  C^^^^^^' ^^^^^  in  commons 

burgh  rate  may  be  appHed  m  and  regulate 

or  open  spaces,  and  ^l^^^f  p^^^  7^^^^^^  307,  308,  316) 

the  same  by  bye-laws  (Burgh  roiice  J^ci  lo    ,  f  ,  Scotland 

By  the  Public  Parks  (Scotland)  Act  878,  and  the  Secret^  y^^^  ^^^^^ 
Act,  1885,  the  Local  Authorities  may  ^^ed  as  parks, 

plant,  improve,  and  maintain  l^;;^  ,^^^^^^!?^  borrow  and  rate,  and  also 
^ubhc  walks,  or  pleasure  giwnds    as  secretary  for  Scot- 

regulate  their  use  ^y^f^J!'  °  >t  ffi  within  two  miles  outside  of  a 
land.    A  further  VO-^^^  oi  J^n^S J--^^^^^  or  recreation  "  has 

burgh  "  for  a  pleasure  ground  or  p  ace  ot  pu  ^^g^. 
beeLonf erred  on  Burgh  Commissionei  b^  the  mxr  i  ^^^^^^  ^^^^ 

Inlreland.-There  IS  ^  P™;X,;,^,^^,l  e  Act,  but  similar 

analogous  to  ^^^^lon  164  of  t  e  correspoM^^^^^  ^^^^.^^^  ^.^^ 

powers  to  those  contained  m  the  l^^ter  aie^^^^^^^  g         ^^t,  1881, 

Spaces  Act,  1887  and  section  6  Metropo  tai^^^^^^?  ^^^i^^^^  Amendment 
which  apply  to  Ireland.    Se^ion  4 4  o    U  .^.^^  .^^  ^^.^^^^^^ 

Act,  1890,  applies  also       ^nban  banitaiy 

have  adopted  Part  I^I"  °^  ^nd  maintaining  public  parks  and 

Besides  the  power  0^^*^^™^*^.    Acts   other  similar  powers  are. 
grounds  given  by  ^^^^  ,^d  Mim^^^^    luthorities  of  to.nis  witb 

iiven  to  Towns  Commissioners  and  M^^^^^^^^  Improvement 

rr  IcSfanf  S'Sttees  to  reW  these  pubh., 
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recreation  grounds  by  means  of  bye-laws.  The  Open  Spaces  Acts,  1877 
to  1887,  apply  to  Ireland  as  to  England,  references  therein  to  the  Public 
Health  Act,  1875,  being  construed  as  references  to  the  corresponding  Irish 
Act,  1878.    The  Commons  Act,  1876,  does  not  extend  to  Ireland. 

MORTUARIES  AND  CEMETERIES. 

In  England  and  Wales.— Under  the  Public  Health  Act,  1875,  every 
Sanitary  Authority  may,  and  if  required  by  the  Local  Government  Board 
must,  provide  a  mortuary,  and  may  make  bye-laws  for  its  management 
and  the  charges  for  its  use.  They  may  also  provide  for  the  decent 
interment,  at  charges  to  be  fixed  by  such  bye-laws,  of  any  dead  body 
which  may  be  received  into  a  mortuary  (section  141).  A  justice  may, 
on  a  certificate  signed  by  a  medical  practitioner,  order  to  be  removed  to 
a  mortuary,  at  the  cost  of  the  Sanitary  Authority,  the  body  of  anyone 
who  has  died  of  any  infectious  disease,  and  which  is  retained  in  a  room 
in  which  persons  live  or  sleep,  or  any  dead  body  which  is  in  such  a  state 
as  to  endanger  the  health  of  the  inmates  of  the  house  or  room  in  which  it 
is  retained.  He  may  direct  the  same  to  be  buried  within  a  specified  time. 
If  the  friends  fail  to  comply,  it  is  the  duty  of  the  Relieving  Officer  to  bury, 
and  the  expenses  may  be  recovered  from  the  proper  person  (section  142). 

The  Local  Government  Board  have  issued  a  series  of  ]\Iodel  Bye-laws 
with  respect  to  the  management  of  a  mortuary;  the  only  provisions  of 
sanitary  importance  suggested  in  them  are  the  following: — 

A  body  deposited  in  the  mortuary  shall  be  removed  therefrom  for  interment  within 
:  .  .  .  days  after  death  ;  but  if  the  deceased  has  died  of  an  infectious  disease,  the  body 
shall  be  removed  for  interment  within  ....  days  after  death. 

The  Board  have  also  made  the  following  suggestions  in  regard  to  the 
construction  and  management  of  mortuaries  : — 

The  buildings  should  be  isolated  and  unobtrusive,  but  substantial,  structures  of  brick 
or  stone.  Every  chamber  for  the  reception  of  corpses  should  be  on  the  ground  floor.  In 
addition  to  such  chamber  there  should  be  a  waiting-room,  a  caretaker's  house,  and  a  shed 
or  outhouse.  Every  mortuary  chamber  should  be  lofty,  and  there  should  be  a  ceiling  or 
a  double  roof,  with  an  intervening  space  of  8  inches,  for  the  sake  of  coolness.  The  area 
should  be  sufficient  to  allow  freedom  of  movement  between  the  slabs.  The  windows 
should  be  on  the  north  side,  if  practicable ;  if  otherwise,  they  should  have  external 
louvre  blinds.  Louvres,  or  air  gratings,  under  the  eaves  will  be  the  best  means  of 
ventilation.  Ihe  pavement  must  be  even  and  close,  and  a  cement  floor  is  preferable. 
The  slabs  should  be  of  slate,  and  2^  feet  to  3  feet  from  the  floor.  Water  should  be  laid 
on  withm  the  chamber.  The  walls  and  ceiling  should  be  whitewashed,  and  the  outside 
ot  the  roof  also  whitened.  There  should  be  at  least  two  chambers,  one  of  which  may  be 
reserved  for  bodies  of  persons  who  have  died  of  infectious  disease. 

There  should  be  a  resident  caretaker,  and  bodies  should  be  received  at  any  hbur  of  the 
day  or  night, 

_  In  addition  to  mortuaries.  Sanitary  Authorities  may  provide  and  main- 
tain proper  places,  otherwise  than  at  a  workhouse  or  at  a  mortuary,  for 
the  carrying  out  of  post-mortem  examinations  (section  143). 

The  powers  and  duties  of  Sanitary  Authorities  as  regards  mortuaries 
are  extended  to  cemeteries  by  the  Public  Health  (Interments)  Act,  1879, 
section  2,  whereby  both  urban  and  rural  Authorities  are  enabled  to  provide 
cemeteries  for  their  districts,  and  must  do  so  if  required  by  the  Local 
Government  Board.  The  cemetery  need  not  be  Avithin  the  district  of 
the  Local  Authority.  In  a  Memorandum  issued  in  August  1879  the  Board 
point  out  that  it  is  incumbent  upon  the  Sanitary  Authority  to  take  action, 
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1.  Where,  in  any  burial-ground  which  remains  in  use  there  is  not  proper 
space  for  burial,  and  no  other  suitable  burial-ground  has  been  provided. 

2.  Where  the  continuance  in  use  of  any  burial-ground  (notwithstandmg 
there  may  be  such  space)  is  by  reason  of  its  situation  in  relation  to  the 
water-supply  of  the  locahty,  or  by  reason  of  any  circumstances  whatsoever, 
iniurious  to  the  public  health.  ,  .    .  -,■    ^  ^ 

3.  Where,  for  the  protection  of  the  pubhc  health,  it  is  expedient  to 
discontinue  burials  in  a  particular  town,  village,  or  place,  or  within  certain 

The  necessity  may  also  arise  from  unsuitabihty  of  the  site  or  of  the 
subsoil,  or  from  inconvenience  of  access  from  populous  parts  of  the  district. 

If  it  is  desirable,  upon  the  above  or  other  grounds,  to  close  any  existing 
burial-place,  a  representation  must  be  made  to  the  Home  Secretary  for 
the  purpose  of  obtaining  an  Order  in  Council  to  that  effect,  under  the 
provisions  of  the  Burial  Act  of  1853. 

Assuming  that  a  cemetery  is  required  in  any  locahty,  it  maybe  provided 
either  by  the  Sanitary  Authority  under  the  Interments  Act,  1879,  or  by 
the  formation  of  a  Burial  Board  under  the  Burial  Acts.  As  to  which 
procedure  should  be  adopted  will  be  mainly  decided  by  the  circumstances 
of  the  district.  The  chief  arguments  in  favour  of  the  Sanitary  Authority 
are  that  it  has  at  its  disposal  an  efficient  staff  of  officers  and  advisers, 
besides  which  it  can  obtain  compulsory  powers  of  purchase  of  land  by  means 
of  a  Provisional  Order,  which  a  Burial  Board  cannot  obtain.  On  the  other 
hand,  the  area  for  which  the  cemetery  is  required  may  not  be  wholly 
comprised  within  the  sanitary  district,  nor  be  conterminous  with  any 
contributory  place  therein.  ,  ,  -,o^^^  ^  ^■A  ^.^ 

Section  10  of  the  PubHc  Health  Interments  Act,  1879,  forbids  the  con- 
struction of  a  cemetery  within  200  yards  of  any  dweUing  without  the 
consent  of  the  owner  and  occupier.  There  is  no  restriction  if  such  consent 
is  obtained,  nor  any  prohibition  of  future  building  nearer  to  the_  cemetery. 
In  the  case  of  cemeteries  constructed  under  the  Burial  Acts,  this  distance 

is  reduced  to  100  yards.  -j  ,      .    n  „  -R..r.ic^ 

The  f oUowing  Kegulations  for  Burial-Grounds  provided  under  the  Bunai 
Acts  were  issued  by  the  Home  Secretary  in  1863,  and  are  now  still  m 
force. 

(1)  The  burial-ground  shall  be  effectually  fenced,  and,  if  necessary,  underdrained  to 
cnpV.  fl  dpTith  as  will  prevent  water  remaining  m  any  grave  or  vault.       ^  ,    ,   .      .  „  •. 

m  The  area  to  bemused  for  graves  shall  be  divided  into  grave  spaces,  to  be  designated 
by  Convenient  mLks,"  that^the  position  of  each  may  be  readily  determined,  and  a 

q  feet  bv  4  feet  au^d  those  for  the  burial  of  children  under  t^velve  years  of  age  6  feet  by 
3  fel  o^r,  if  prkerred,  half  the  measurement  of  the  adult  grave  space-namely,  4^  feet 

(4f  A  register  of  graves  shall  be  kept,  in  ^vhich  the  name  and  date  of  burial  in  each 

which  shall  never  be  disturbed.  imlpcs  the  bodies  are  those 

(6)  One  body  only  shall  be  buried  m  a  grave  at  one  time,  unless  tne  Doaies  a 

of  members  of  the  same  family.  ,„:^r,:„  fn,,,.)-npn  vpars  after  the  burial  of  a 

(7)  No  un walled  grave  shall  be  reopened  w  thin  f°"'tfn  years  at^^^^^ 

persoi  above  twelve  |ears  of  age,  or  within  <^>gjt  y^^^/.^f^^*^  i^v   ch  case  a 

Lelve  years  of  ngc  unless  to  ^"7^,^"^^^^^^^^^  previously 
layer  of  earth  not  less  than  a  foot  thick  shall  be  leit  ""'"suu  ^^^^^^^^  such  soil 

buried  coffin  ;  but  if  on  reopening  any  8™,^^,  "l^n  .^^^^^^^^^  removed  ^rom  the  grave, 
shall  not  be  disturbed,  and  in  no  case  ^l^^l^^""  f  4  Tet  of  the  level  of  the 

(8)  No  coffin  shall  be  buried  in  any  unwalled  giave  within  i  leei 
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ground,  unless  it  contains  the  body  of  a  child  under  twelve  years  of  age,  when  it  shall 
not  be  less  than  3  feet  below  that  level. 

The  application  to  cemeteries  of  section  141  of  the  Public  Health  Act^ 
1875,  enables  Sanitary  Authorities  to  make  bye-laws  for  their  management 
and  charges  for  use.  The  following  represents  the  essential  provisions  of 
the  Model  Bye-laws  issued  in  respect  of  this  matter  by  the  Local  Government 
Board. 

(a)  Definitions. — A  "grave"  is  defined  as  a  burial-place  formed  in  the  ground  by 
excavation,  and  without  any  internal  wall  of  brickwork  or  stonework,  or  any  other 
artificial  lining.    A  "vaiilt"  is  an  underground  burial-place  of  any  other  construction. 

(6)  Vaults. — Every  vault  shall  be  enclosed  with  walls  of  brick  or  stone,  solidly  put 
together  with  good  mortar  or  cement,  (c)  Common  graves. — Not  more  than  one  body 
shall  be  buried  at  any  one  time  in  a  grave  in  respect  of  which  no  exclusive  right  of 
burial  has  been  gi-anted.  (Exception  is  made  in  the  case  of  two  or  more  members  of  the 
same  family. )  Such  a  grave  shall  not  be  re-opened  for  the  purpose  of  a  further  burial 
within  eight  years  after  the  burial  of  a  person  aged  less  than  twelve  years,  nor  within 
fourteen  years  after  the  burial  of  a  person  aged  more  than  twelve  years.  (Exception  is 
made  in  the  case  of  members  of  the  same  family.)  {d)  Minimum  covering  of  earth. — No 
part  of  a  cofiin  shall  be  buried  at  a  less  depth  than  3  feet  below  the  ground  adjoining  the 
grave,  if  it  contains  the  body  of  a  person  aged  less  than  twelve  years  ;  nor  at  a  less  depth 
than  4  feet  if  the  age  of  the  deceased  was  over  twelve  years.  A  layer  of  earth,  not  less 
than  1  foot  in  thickness,  shall  be  interposed  between  every  cofiBn  and  the  cofiin  nearest 
to  it.  {e)  Closure  of  vaults. — A  cofiin  buried  in  a  vault  shall,  within  ....  hours  after 
burial,  be  wholly  and  permanently  embedded  in  and  covered  with  good  cement  concrete, 
not  less  in  any  part  than  ....  inches  in  thickness  ;  or  wholly  and  permanently  en- 
closed in  a  separate  cell,  constructed  of  slate  or  flag,  not  less  than  2  inches  thick,  and 
jointed  in  cement,  or  of  brick  in  cement,  and  in  such  manner  as  to  prevent  as  far  as 
practicable  the  escape  of  noxious  gas. 

Interments  underneath  or  within  the  walls  of  any  church  built  after  1 848 
are  forbidden  by  the  Public  Health  Act,  1848,  section  33,  incorporated  in 
the  Act  of  1875.  No  buildings  must  be  erected  upon  any  disused  burial- 
ground,  except  for  the  purpose  of  enlarging  a  place  of  worship  (Disused 
Burial-Grounds  Act,  1884). 

In  London,  under  the  Public  Health  Act,  1891,  every  Sanitary 
Authority  must  provide  mortuaries  and  places  for  post-mortem  examina- 
tions when  so  required  by  the  County  Council  (sections  88  and  90). 
Subject  to  the  consent  of  the  Local  Government  Board,  the  Local  Authori- 
ties have  power  to  borrow  money  for  these  purposes  (section  105).  The 
Commissioners  of  Sewers  are  the  Burial  Board  for  the  city  of  London. 
The  general  law  as  to  cemeteries  is  the  same  in  the  Metropolis  as  in  the 
provinces. 

In  Scotland  a  Local  Authority  may  provide  a  mortuary,  but  the  Local 
Government  Board  have  no  power  to  require  them  to  do  so  (Public  Health 
Act,  1897,  sections  68  and  71).  A  Parochial  Board  has  a  similar  power 
under  section  20,  Burial  Grounds  (Scotland)  Act,  1855.  Though  the  Local 
Authorities  cannot  provide  burial-grounds,  they  can  act  in  regard  to  any  of 
them  which  are  so  situated  or  crowded  with  bodies,  or  otherwise  so  con- 
ducted, as  to  be  offensive  or  injurious  to  health,  as  a  statutory  nuisance.  Sa 
far  as  relates  to  disused  burial-grounds,  there  are  no  Scottish  provisions  at 
all  corresponding  to  the  English  Statutes. 

In  Ireland.— The  provisions  of  the  Irish  Public  Health  Act,  1878, 
section  157,  relating  to  mortuaries,  are  similar  to  those  in  the  English  Act 
of  1875.  The  Public  Health  (Interments)  Act,  1879,  does  not  apply  to 
Ireland,  but,  on  representation  being  made,  the  Local  Government  Board 
may  restrain  the  opening  of  new  burial-grounds,  and  order  discontinuance  of 
burials  in  specified  places  (Public  Health  Act,  1879,  section  162).  Under 
section   160  of  this  same  Act,   Sanitary  Authorities,  except  in  towns 
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'having  CoiBuiissioners  under  local  Acts,  are  the  Burial  Board  of  the 
■district.  In  the  towns  just  excepted,  the  guardians  of  the  poor  are  the 
Burial  Board.  Whenever  any  burial-ground  has  been  closed  by  order,  the 
Burial  Board  of  the  district  have  power  to  provide  a  suitable  cemetery,  with 
powers  to  purchase  land  compulsorily,  appropriate,  lay  out,  and  otherwise 
manage  as  they  may  deem  necessary,  subject  at  all  times,  however,  to  any 
Eegufations  which  the  Local  Government  Board  of  Ireland  may  make  in 
respect  of  them  (sections  172  to  234). 


BATHS  AND  WASH-HOUSES. 


In  England  and  Wales. — There  have  been  four  Baths  and  Wash-houses 
Acts,  namely,  those  of  1846,  1847,  1878,  and  1882.  These  are  all  adoptive 
Acts,  and  under  section  10,  Public  Health  Act,  1875,  urban  Sanitary 
Authorities  can  adopt  them,  the  authority  having  all  the  powers,  rights, 
duties,  capacities,  liabilities,  and  obhgations  as  to  the  formation,  inamten- 
ance,  regulation,  and  management  of  baths  and  wash-houses  within  their 
■district.  In  rural  parishes  these  Acts  can  only  be  adopted  by  the  Parish 
Meeting ;  and  the  Parish  Council,  if  there  is  one,  is  the  authority  to  carry 
them  into  effect.  Bye-laws  may  be  framed  by  the  controlling  authority 
for  the  maintenance  of  order,  decency,  and  cleanliness  in  all  baths  and 
wash-houses,  the  Local  Government  Board  having  issued  a  series  of  models 
for  their  guidance  in  this  respect. 

Where  the  Acts  have  been  adopted,  the  expenses  of  the  authority  m 
their  execution,  so  far  as  the  baths  and  wash-houses  are  not  self-supporting, 
wiU  be  borne  in  the  same  manner  as  their  expenses  under  the  Public  Health 
Act,  1875 ;  and  the  authority  will  have  the  same  powers  of  borrowing  in 
respect  of  these  expenses  as  in  the  case  of  expenses  under  that  Act. 
•  In  London.— The  Baths  and  Wash-houses  Acts  may  be  adopted  in  any 
metropolitan  parish  by  the  Borough  Councils,  with  the  approval  of  the 
Local  Government  Board,  and  Avhere  this  is  done  Commissioners  selected  by 
the  Borough  Councils  from  among  the  ratepayers  must  be  appointed  to^  put 
the  Acts  into  execution.  The  expenses  of  carrying  the  Baths  and  Wash- 
houses  Acts  into  execution  in  each  parish,  to  such  amount  as  may  from  time 
to  time  be  sanctioned  bv  the  Borough  Councils,  are  chargeable  upon  the 
moneys  applicable  to  the  relief  of  the  poor  in  the  parish,  so  far  as  they  are 
not  met  by  the  revenue  from  the  baths,  wash-houses,  and  bathmg-places 
provided  by  the  Commissioners.  ^       .   .  » 

By  their  Baths  and  Wash-houses  Act  of  1895,  the  Commissioners  of 
Sewers  have  power  to  act  as  Commissioners  of  Baths  and  Wash-houses 
under  the  Acts  1846  to  1882  for  the  city,  and  to  erect,  or  acquire, 
control,  regulate,  and  raake  bye-laws  for  any  such  baths,  wash-houses,  or 
bathing-places  as  they  may  deem  necessary  within  the  city  of  London. 

In  Scotland  the  iBaths  and  Wash-houses  Acts  do  not  apply,  consequently 
the  landward  authorities  have  no  power  to  provide  such  accommodation  for 
the  public.  But  in  tlie  burghs  the  Commissioners  may  provide  such 
hathing-places  with  full  power  to  regulate  them,  subject  only  to  the  condi- 
tion that  there  must  be  at  least  twice  as  many  baths  for  the  worlcing  classe^s 
as  there  are  baths  of  the  better  class  (Burgh  Police  Act,  1892,  sections  309 

*°^Under  section  126,  Public  Health  (Scotland)  Act,  1897,  the  Local 
Authority  may,  if  they  tliink  fit,  provide  and  gratuitously  supply  water  tor 
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any  public  baths  or  wasli-liouses  established  otherwise  than  for  i^rivate  profit 
or  supported  out  of  the  rates. 

In  Ireland  there  is  only  one  Baths  and  Wash-houses  Act,  namely,  that 
of  18^16.  This  Act  is  practically  the  same  as  that  of  the  English  one  of  the 
same  year.  Further,  by  the  Public  Health  Act,  1878,  urban  Sanitary 
Authorities,  who  have  adopted  the  former  Act,  are  the  controlling  authori- 
ties for  such  baths  and  wash-houses  Avithin  their  district,  just  as  is  the  case 
with  English  urban  Authorities  under  the  English  Public  Health  Act,  1875. 
In  rural  districts,  the  Baths  and  Wash-houses  Act  cannot  be  put  in  force 
except  in  municiiDal  towns,  not  being  urban  sanitary  districts,  which  are 
situated  therein.  The  general  provisions  as  to  expenses,  borrowing  of 
money,  and  making  of  bye-laws  are  similar  to  those  in  force  in  England. 

Some  powers  to  provide  baths,  &c.,  are  given  to  Commissioners  of  towns 
constituted  under  the  Towns  Improvement  (Ireland)  Act,  1854,  by  section 
55  of  that  Act,  which  incorporates  sections  136  to  141  of  the  Towns 
Improvement  Clauses  Act  of  1847. 


INFECTIOUS  DISEASES. 

In  England  and  Wales. --The  PubUc  Health  Act,  1875,  enacts  that, 
upon  the  certificate  of  a  Medical  Ofiicer  of  Health  or  other  medical 
practitioner  that  the  cleansing  and  disinfecting  of  any  house  or  part 
thereof,  and  of  any  articles  therein,  would  tend  to  prevent  infectious 
disease,  it  is  incumbent  on  the  Sanitary  Authority  to  serve  notice  upon 
either  the  owner  or  occupier,  requiring  him  to  cleanse  and  disinfect.  A 
daily  penalty  not  exceeding  10s.  is  incurred  by  default,  and  the  Authority 
may  do  what  is  necessary  and  recover  the  costs,  or  may  undertake  the 
duty  in  the  first  instance,  with  the  consent  of  the  occupier,  at  their  own 
cost  (section  120).    Where  the  Infectious  Diseases  Prevention  Act,  1890, 
is  adopted,  the  above  section  is  repealed,  and  the  provisions  so  far  modified 
that  the  Sanitary  Authority  may,  after  twenty-four  hours'  notice  to  the  owner 
■  or  occupier,  proceed  to  carry  out  such  disinfection  or  cleansing,  unless 
within  that  time  he  informs  the  Authority  that  he  will,  within  a  period 
;  fixed  in  the  notice,  himself  carry  out  the  work  to  the  satisfaction  of  the 
.  Medical  Officer  of  Health.    If  he  fail  to  do  this  within  the  specified  period, 
:it  is  to  be  done  by  the  officers  of  the  Sanitary  Authority,  under  the 
!  superintendence  of  the  Medical  Officer  of  Health,  and  the  expenses  may  be 
:  recovered.    Power  of  entry  between  10  a.m.  and  6  p.m.  is  given  for  the 
1  purposes  of  this  section  (sections  5  and  17,  Act  of  1890). 

By  section  121  of  the  Act  of  1875,  the  Sanitary  Authority  may  destroy 
i  infected  bedding,  clothing,  or  other  articles,  and  give  compensation.  By 
s  section  6  of  the  adoptive  Prevention  Act,  1890,  the  Authority  may,  by 
'written  notice,  require,  under  a  penalty  of  £10,  any  infected  clothing  or 
(Other  articles  to  be  delivered  to  their  officer  for  disinfection.  The  Sanitary 
-Authority  must  take  away,  disinfect,  and  return  such  articles  free  of 
(Charge,  and,  in  the  event  of  any  unnecessary  damage,  must  compensate  the 
(•owner. 

The  Public  Health  Act,  1875,  further  enacts  that  a  Sanitary  Authority 
tmay  provide  a  disinfecting  apparatus,  and  disinfect  free  of  charge  (section 
1122);  also  provide  an  ambulance  and  pay  expenses  of  conveyance  of 
1  infectious  persons  to  hospital  (section  123).  Where  a  hospital  is  provided 
\within  convenient  distance,  a  justice  may,  on  the  certificate  of  a  medical 
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practitioner,  order  the  removal  of  any  person  who  is  suffering  from  any 
dangerous  infections  disorder,  and  is  without  proper  lodging  or  accommoda- 
tion or  lodged  in  a  room  occupied  by  more  than  one  family,  or  is  on  board 
any 'ship  or  vessel  (section  124).    The  Authority  may  make  regulations  for 
removing  to  any  available  hospital,  and  for  keeping  there  as  long  as  neces- 
sary, any  persons  brought  within  their  district  by  vessel  who  are  mfected 
with  a  dangerous  infectious  disorder  (section  125).    It  is  unlawful  for  any 
person  so  suffering  to  expose  himself  wilfully,  without  proper  precautions 
against  spreading  the  disorder,  in  any  street,  public  place,  shop,  inn,  or 
public  conveyance,  or  to  enter  any  public  conveyance  without  previously 
notifying  to  the  owner,  conductor,  or  driver  thereof  that  he  is  so  sufler- 
in^  -  or  being  in  charge  of  any  person  so  suffering,  to  expose  such  sufferer, 
or°to  give,  lend,  sell,  transmit,  or  expose  without  previous  disinfection 
any  bedding,  clothing,  rags,  or  other  things  which  have  been  exposed  to 
infection  from  any  such  disorder ;  but  this  does  not  apply  to  the  trans- 
mission with  proper  precautions  of  articles  for  the  purpose  of  having  them 
disinfected  (section  126).    The  owner  or  driver  of  a  pnbhc  conveyance  so 
used  is  required  under  penalty  to  have  the  same  immediately  disinfected ; 
but  he  need  not  convey  any  person  so  suffering  until  he_  has  been  paid  a 
sum  sufficient  to  cover  any  loss  or  expense  incurred  by  him  (section  li7). 
Any  person  who  knowingly  lets  for  hire  any  house  or  room  m  which  any 
person  has  suffered  from  such  disorder,  without  having  it  and  its  contents 
disinfected  to  the  satisfaction  of  a  medical  practitioner  as  testified  by  a 
certificate  signed  by  him,  is  liable  to  a  penalty  not  exceeding  £20  (section 
128^     Any  person  letting  or  offering  for  hire  any  house  or  part  ot  a  house, 
who  on  being  questioned  as  to  the  fact  of  there  being,  or  withm  six  weeks 
previously  having  been  therein,  any  person  suffering  from  any  dangerous 
infectious  disorder,  knowingly  makes  a  false  answer  to  such  question 
becomes  liable  to  penalty  or  imprisonment  (section  129). 

The  above  provisions  have  been  supplemented  m  districts  where  the 
Infectious  Diseases  (Prevention)  Act,  1890,  has  been  ^^^P^^^^y /he  fo  lorn 
enactment  of  that  Act  now  rendered  compulsory  oii^^U  Local  Authorities  by 
the  Infectious  Diseases  (Notification)  Act,  1899.    Section  7  provides  that 
any  person  who  shall  cease  to  occupy  any  house  or  room 
person  has,  within  six  weeks,  been  suffering  from  any  l^^'^^^'^'^^^^ 
(1)  must  have  such  house  or  room,  and  all  articles  therein  hable   o  retain 
infection  disinfected  to  the  satisfaction  of  a  registered  medical  practitioner, 
as  testified  by  a  certificate  signed  by  him;  and  (2)  must  give  to  the  owner 
notice  of  the'previous  existence  of  such  disease  ;  and  (3)  mu^  -  '  ^no^nn^^^^^ 
make  a  false  answer  when  questioned  by  the  owner,  ^^J^  /^^T  P^^^^^^ 
negotiating  for  the  hire  of  the  house  or  room,  as  to  there  having  ^^ithm  s  x 
we'eks  previously  been  therein  any  person  suffering 

disease  Penalties  of  £10  are  provided  m  each  case.  Infectious  lu  id  Disn 
mS  not  be'tiirown  into  any  Leptacle  for  refuse  -^^nTd^^^^^^^ 
infection  •  or  in  default  a  daily  penalty  of  40s.  (section  13).  In  any  dismcc 
where  t^  se  sections  are  in  force  the  Sanitary  Authority  must  gn^e^^^^^^^^^ 
their  provisions  to  the  occupier  of  any  house  m  which  they  are  awaie  there 
is  a  person  suffering  from  any  infectious  disease  section  14). 

The  Public  Health  Act,  1875,  sections  131  to  l^^,  e  yts  ^^a^^ 
Sanitary  Authority  may  build  or  contract  for  the  use  of 
district  two  or  more  authorities,  if  necessary,  combining  for  p^^^' 

e  tanitary  Authority  may  recover  from  a  patient,  who  -  -^^^^%PX^ 
the  cost  of  his  maintenance  in  such  hospi  al;  ^"'i  ^J' ^^^^^^^^^^^^^^^ 
of  the  Local  Government  Board,  themselves  provide  or  contract 
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temporary  supply  of  medicine  and  medical  assistance  for  the  poor  of  their 
district.  And  the  Infectious  Disease  (Prevention)  Act,  1890,  and  the 
Infectious  Diseases  (JSTotification)  Act,  1899,  requires  the  same  Authorities 
to  provide  free  temporary  shelter  with  any  necessary  attendance  for  the 
members  of  any  family  in  which  infectious  disease  has  appeared,  who  have 
to  leave  their  dwellings  to  allow  of  disinfection  by  the  Sanitary  Authority. 
Any  person  suffering  from  any  infectious  disease,  and  being  an  inmate  of  a 
hospital  for  infectious  diseases,  and  who,  upon  leaving,  would  be  vrithout 
accommodation  in  which  due  precautions  could  be  taken  against  the  spread 
of  infection,  may,  by  order  of  a  justice,  be  detained  in  hospital  at  the  cost 
of  the  Sanitary  Authority  for  any  specified  period,  and  such  period  may  be 
extended  as  often  as  necessary  (section  12,  Act  of  1890). 

With  a  view  to  promote  the  establishment  of  infectious  hospitals,  a  very 
important  Act  was  passed  in  1893,  called  the  Isolation  Hospitals  Act,  giving 
to  County  Councils  limited  power  to  secure  the  provision  of  isolation 
hospitals  in  their  county.    It  applies  to  England  and  Wales  generally,  but 
not  to  London  or  to  any  county  borough ;  other  boroughs  are  also  exempt, 
except  by  Order  of  the  Local  Government  Board,  if  the  population  be  less 
than  10,000  at  the  last  census,  or  by  consent  of  the  Corporation  if  the 
population  be  10,000  or  more.    A  hospital  district  under  this  Act  may 
consist  of  one  or  more  local  areas ;  a  "  local  area  "  being  defined  as  including 
an  urban  or  rural  sanitary  district,  or  any  contributory  place.    This  district 
is  constituted  by  Order  of  the  County  Council.    To  put  this  Act  into  force, 
the  County  Council  may  take  the  initiative  by  directing  their  Medical 
Officer  of  Health  to  report  as  to  the  hospital  requirements  of  any  part  of 
their  county,  and  act  upon  his  report ;  but  they  may  also  be  set  in  motion 
by  a  petition  from  any  Local  Authority,  or  from  twenty-five  ratepayers  in 
.  any  contributory  place.    The  next  step  is  for  the  County  Council  to  hold  a 
local  inquiry,  after  which  they  make  an  Order  constituting  the  hospital 
1  district  and  defining  its  extent.    No  local  area  can  be  included  in  a  hospital 
.  district  without  the  consent  of  its  Local  Authority,  if  it  already  has  (in  the 
judgment  of  the  County  Council)  adequate  accommodation;  nor  must  a 
.  hospital  district  be  formed  for  one  local  area  only,  or  for  one  or  more  local 
I  areas  within  the  same  rural  sanitary  district,  without  the  consent  of  the 
:  Sanitary  Authority,  unless  the  County  Council  are  satisfied  that  the  Sanitary 
-Authority  are  unable  or  unwilling  to  make  suitable  provision  for  the  purpose. 
'  The  Order  constitutes  a  hospital  committee,  consisting  of  local  representa- 
I  tives,  but  if  a  grant  be  made  out  of  county  funds  the  committee  may  consist 
-wholly  or  in  part  of  County  Councillors.     The  Order  further  gives  the 
( committee  power  to  provide  and  maintain  a  hospital ;  and  apart  from  this 
tthey  are  authorised  by  the  Act  to  make  temporary  arrangements  for  isolation, 
fand  to  establish  district  hospitals  in  cottages  or  small  buildings.    They  may 
i  also  (subject  to  any  regulations  made  by  the  County  Council)  undertake  the 
t  eaming  of  nurses,  and  may  charge  for  their  attendance  outside  the  hospital. 
I  Every  hospital  is  to  be  provided  with  one  or  more  ambulances,  and  must,  if 
[practicable,  be  "in  connection  with  the  system  of  telegraphs"  (section  13). 

The  County  Council  have  the  power  of  inspecting  any  such  hospital,  and 
fof  raising  money  by  loan  for  the  purposes  of  the  hospital. 

"Structural"  and  "establishment  expenses"  are  borne  by  the  several 
local  rates  of  the  constituent  local  areas,  in  proportions  to  be  fixed  by  the 
( County  Council's  Order.  The  cost  of  conveying,  removing,  feeding,  medicines, 
'  disinfecting,  and  "  all  other  things  required  for  patients  individually,  exclu- 
^sive  of  ^structural  and  establishment  expenses,"  are  termed  "patients' ex- 
rpenses."    For  ordinary  non-pauper  patients  they  are  to  be  paid  by  the  Local 


956 


SANITARY  LAW. 


Authority  out  of  the  rates  of  the  local  area  from  which  the  patient  came, 
but  the  guardians  are  responsible  if  poor-law  relief  had  been  given  at  or 
within  fourteen  days  at  the  time  of  admission.  Patients  desiring  exceptional 
accommodation  are  themselves  responsible  for  the  cost  of  maintenance,  on 
such  terms  as  the  committee  may  appoint  ("special  patients  expenses  ) 

(sections  17  to  19).  •  ^  *  • 

It  is  of  course,  of  the  greatest  importance  from  a  sanitary  point  oi  view 
that  the'  dead  bodies  of  persons  who  have  died  of  infectious  diseases  should 
not  remain  unburied  in  such  a  manner  as  to  endanger  the  health  of  the 
survivors.  Section  142  of  the  Public  Health  Act,  1875,  provides  that 
where  the  dead  body  of  one  who  has  died  of  any  infectious  disease  is 
retained  in  a  room  in  which  persons  live  and  sleep,  any  justice  may,  on  a 
certificate  signed  by  a  medical  practitioner,  order  the  body  to  be  removed 
by  the  Sanitary  Authority  to  a  mortuary,  and  direct  the  same  to  be  buried 
within  a  time  limited  by  the  order;  unless  the  friends  of  the  deceased 
undertake  to  so  bury  the  body  within  the  time  specified,  it  is  the  duty  of 
the  Relieving  Officer  to  bury  such  body  at  the  expense  of  the  poor-rate  ;  but 
any  expenses  eo  incurred  may  be  recovered  in  a  summary  manner  fi'om  any 
person  legally  liable  to  pay  the  expenses  of  the  burial.  A  penalty  ot 
attaches  to  any  person  obstructing  the  execution  of  an  order  made  under 

this  section.  ^  ■    j  •        j.-  „ 

Further  provisions  in  respect  of  this  matter  are  contamed  m  sections 
8  to  11  of  the  Infectious  Disease  Prevention  Act,  1890,  which  enact 
that  the  body  of  a  person  who  has  died  of  any  infectious  disease  must  not, 
without  a  certificate  from  the  Medical  Officer  of  Health,  or  a  registered 
medical  iDractitioner,  be  retained  for  more  than  forty-eight  hours  elsewhere 
than  in  a  mortuary,  or  in  a  room  not  used  at  the  time  as  a  dweUmg  place,  sleep- 
ing place,  or  workroom.    In  such  cases,  and  also  where  any  corpse  is  retamed 
in  a  building  so  as  to  endanger  the  health  of  the  inmates,  a  justice  may, 
upon  the  application  of  the  Medical  Officer  of  Health  order  the  body  to  be 
removed  by  the  Sanitary  Authority  to  a  mortuary,  and  to  be  buried  withm 
a  siDecified  time.    Unless  the  friends  undertake  to  bury,  and  do  bury  withm 
the  specified  time,  the  Relieving  Officer  must  do  so.    The  body  of  any 
person  who  has  died  from  infectious  disease  in  a  hospital  must  not  be 
removed  except  for  immediate  interment  or  to  a  mortuary,  if  the  ^ledical 
Officer  of  Health  or  other  practitioner  certify  that  such  restriction  is  desirable 
for  preventing  infection.    The  body  of  any  person  who  has  died  from  an 
infectious  disease  must  not  be  conveyed  in  any  pubhc  conveyance  other 
than  a  hearse,  without  due  warning  to  the  owner  or  driver,  who  must  forth- 
with provide  for  disinfection.  .  . 

In  cases  where  there  is  any  suspicion  that  an  epidemic  of  infect  ous 
disease  has  its  origin  in  any  milk-supply  of  the  district,  the  powers  of 
Sanitary  Authorities,  under  the  Contagious  Diseases  (Ammals)  Acts,  1886 
should  Lt  be  lost  sight  of  (see  page  944).    In  additioii  ^^^^^ 
Sanitary  Authorities  of  districts  m  which  section  4  of  the  Ijife'^t^o^f  ;H''' -f^ 
(Prevention)  Act,  1890,  is  in  force  have  power  to  prohibit  he  supply  of  milk 
Lr  suspected  dairies     If  the  Medical  Officer  of  Health  has  reason  to 
that  Sfe  consumption  of  milk  frona  any  dairy,  farn,  farmhouse  co... 
.btd  milk  Store  milkshoiD,  or  other  place  from  which  milk  is  supplied  withm 
St'ith  u  t  isS,  his  caused  oi  is  likely  to  cause 
any  person  residing  in  the  district,  he  may,  if  authorised  by  ^  J^^Jce^^^^^ 
jurisdiction  in  the  place  where  the  dairy  is  situate,  "^«P««*  j^^^ ,  J^^^^^^^^^^^ 
miv  further  if  accompanied  by  a  veterinary  surgeon,  inspect  the  animals 
reiein     n'after  inspection  he  is  of  opinion  that  infectious  disease  is  caused 
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by  the  consumption  of  the  milk,  he  must  report  to  the  Sanitary  Authority, 
forwarding  also  any  report  furnished  to  him  by  the  veterinary  surgeon.  The 
Local  Authority  may  then  give  not  less  than  twenty-four  hours'  notice  to  the 
dairyman  to  appear  before  them,  and  show  cause  why  the  supply  of  the  milk 
in  their  district  should  not  be  prohibited.  If,  in  their  opinion,  he  fails  to 
show  such  cause,  they  may  order  accordingly,  and  must  give  notice  of  the 
facts  to  the  Sanitary  Authority  and  the  County  Council  of  the  district  in 
wliich  the  dairy  is  situate,  and  also  to  the  Local  Government  Board.  The 
order  must  be  forthwith  withdrawn  on  the  Sanitary  Authority  or  the  Medical 
Officer  of  Health  being  satisfied  that  the  milk  supply  has  been  changed,  or 
that  the  cause  of  infection  has  been  removed.  Penalties  of  £5,  and  if  a 
continviing  offence,  of  40s.  a  day,  are  provided  for  contravention  of  this- 
section  of  the  Act. 

The  relation  of  schools  to  infectious  diseases,  and  the  action  of  Sanitary 
Authorities  in  the  matter,  often  presents  considerable  difficulty.  In  a 
Memorandum,  issued  by  the  Medical  Officer  of  the  Local  Government  Board 
in  December  1890,  the  best  means  of  preventing  the  spread  of  disease  by 
school  children  among  their  fellows  are  indicated,  while  avoiding  any  unneces- 
sary interruption  of  the  work  of  education.  The  Memorandum  calls  attention 
to  the  fact  that  : — 

"In  the  Code  of  Regulations  approved  by  the  Lords  of  the  Committee  of  Council  on 
Education,  the  following  Article  (Art.  88)  prescribes  as  one  of  the  general  conditions, 
required  to  be  fulfilled  by  a  public  elementary  school  in  order  to  obtain  an  annual  Parlia- 
mentary grant,  that  '  the  Managers  must  at  once  comply  with  any  notice  of  the  Sanitary 
Authority  of  the  district  in  which  the  school  is  situated,  requiring  them  for  a  specified 
time,  with  a  view  to  preventing  the  spread  of  disease,  either  to  close  the  school  or  to. 
exclude  any  scholars  from  attendance,  but  after  complying  they  may  appeal  to  the 
Department,  if  they  consider  the  notice  to  be  unreasonable.' 

"The  diseases  for  the  prevention  of  which  school  closure,  or  the  exclusion  of  par- 
ticular children,  will  be  required,  are  principally  those  which  spread  by  infection 
directly  from  person  to  person,  such  as  scarlet  fever,  measles,  diphtheria,  whooping- 
cough,  small-pox,  and  rotheln,  the  order  in  which  the  several  diseases  are  here  given 
being  about  that  of  the  relative  frequency  with  which  their  occurrence  gives  rise  to- 
these  questions  at  schools.  More  rarely,  the  same  questions  arise  in  connection  with 
enteric  fever  and  diarrhceal  diseases,  which  spread  not  so  much  by  direct  infection  from 
person  to  person  as  indirectly  through  the  agency  of  local  conditions,  such  as  infected 
school  privies. 

"  It  will  be  seen  that  Article  88,  quoted  above,  confers  upon  Sanitary  Authorities  an 
alternative  power  with  respect  to  public  elementary  schools,  (a)  to  cause  particnlar 
scholars  to  be  for  a  specified  time  excluded  from  attendance,  or  (&)  to  require  the  school 
to  be  closed  for  a  specified  time." 

"  First,  as  to  exclusion  from  school  of  particular  scholai-s,  it  may  be  laid  down  as  a 
principle  that  all  children  suffering  from  any  dangerous  infectious  disorder  should  be 
excluded  from  school  until  there  is  reason  to  believe  that  they  have  ceased  to  be  in  an 
infectious  condition. 

"Secondly,  as  to  the  closing  of  schools,  this,  by  more  seriously  interfering  with  the 
educational  work  of  a  district,  is  a  much  more  grave  step  for  a  Sanitary  Authority  to 
take  than  to  direct  the  exclusion  of  particular  scholars.  It  is  a  measure  that  seldom 
ought  to  be  enforced,  except  iu  presence  of  an  actnal  epidemic,  nor  even  then  as  a  matter 
of  routine,  nor  unless  there  be  a  clear  prospect  of  preventing  the  propagation  of  disease, 
such  as  could  not  be  looked  for  from  less  comprehensive  action. 

"The  Medical  Officer  of  Health,  on  becoming  aware  of  the  presence  of  dangerous 
infectious  disease  in  his  district,  should  ....  send  immediate  notice  to  the  teacher 
of  the  school  or  schools  which  the  children  of  infected  households  may  be 
attending,  requesting  that  such  children  may  be  excluded  from  school  for  such 
time  as  he  (the  M.  0.  H.)  may  specify  as  being  necessary.  Ready  compliance  with 
such  request  may  often  render  formal  action  under  Article  88  of  the  Education  Code 
unnecessary. 

"The  attention  of  school  attendance  officers  and  of  schoolmasters  should  also  be 
drawn  to  the  following  considerations.  Frequently  they  themselves  will  obtain  the 
earliest  information  of  the  occurrence  of  infectious  disease  among  scholars,  and  it  is- 
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most  desirable  that  such  oiEcer  or  master  should,  without  delay,  communicate  the  facts 
to  the  Medical  Officer  of  Health. 

"  As  regards  duration  of  exclusion  from  school  of  particular  children,  the  time  to  be 
specified  will  vary  in  different  diseases  and  different  cases,  and  in  this  matter  the 
Sanitary  Authority  will  doubtless  be  guided  by  the  advice  of  their  Medical  Officer,  who 
may  properly  be  entrusted  with  some  general  duty  of  acting  for  the  Authority  in  this 
subject  matter. 

' '  In  deciding  whether  an  outbreak  of  infectious  disease  among  children  of  school 
age  may  be  best  combated  by  closing  a  school,  or  whether  it  will  suffice  to  ex- 
clude the  children  of  infected  households,  the  two  most  important  points  to  be 
considered  are  : — 

"The  completeness  and  promptness  of  the  information  received  by  the  ofifieers  of 
the  Sanitary  Authority  respecting  the  occurrence  of  infectious  cases. 

"The  opportunities  which  exist  for  intercourse  between  the  children  of  different 
households  elsewhere  than  at  school. 

"In  places  where  there  are  several  public  elementary  schools,  if  an  outbreak  of 
infectious  disease  be  confined  to  the  scholars  of  one  particular  school,  it  may  be  sufficient 
to  close  that  school  only.  But  where  different  schools  have  all  appeared  to  aid  in  the 
spread  of  disease  (though  perhaps  to  an  unequal  extent)  the  Sanitary  Authority  may 
consider  it  advisable  that  all  should  be  closed  lest  children  in  an  infectious  state  who 
previously  attended  the  schools  that  are  closed  should  be  sent  to  others  that  might 
remain  open. 

"It  must  be  remembered  that  Sanitary  Authorities  have  no  power  in  respect  of 
Sunday  schools  or  other  private  schools  ;  except  in  so  far  as  these  may  contravene 
section  91  (5),  section  126,  or  other  provision  of  the  Public  Health  Act,  1875  ;  but  it 
will  often  be  expedient  to  invite  the  co-operation  of  managers  of  such  schools 
in  efforts  for  securing  the  public  health.  Experience  shows  that  they  are  usually 
ready  to  defer  to  the  represeatations  of  the  Authority  responsible  for  the  public  health 
of  the  district. 

' '  Reports  to  Sanitary  Authorities,  advising  the  closure  of  a  school  or  schools  in  any 
district,  are  to  be  treated  as  '  special '  reports  within  the  meaning  of  the  General  Order 
of  the  Local  Government  Board  of  March  1880,  and  copies  of  them  should  accordingly  be 
sent  to  the  Board.  These  reports  should  state  the  grounds  upon  which  the  Medical 
Officer  of  Health  advocates  the  closure  of  the  school  or  schools  in  preference  to  the 
exclusion  of  particular  scholars. 

"All  notices  of  the  Sanitary  Authority  for  the  closing  of  public  elementary  schools 
should  be  addressed  in  writing  to  the  Managers,  and  should  state  the  grounds  on  which 
the  closing  is  deemed  necessary. 

"All  such  notices  should  specify  a  definite  time  during  which  the  school  is  to  remain 
closed  ;  this  should  be  as  short  a  period  as  can  be  regarded  as  sufficing  on  sanitary  grounds  ; 
a  second  notice  may  be  given  before  the  expiration  of  the  first,  if  it  should  be  found 
necessary  to  postpone  the  re-opening  of  a  school.  The  Managers  of  schools,  after  com- 
]5lying  with  the  requirements  of  the  Sanitary  Authority,  have  the  right  of  appeal  to  the 
Education  Department,  if  they  consider  any  notice  to  be  unreasonable." 

One  of  the  most  important  and  valuable  aids  to  tlie  foregoing  provisions 
has  been  the  compulsory  notification  of  infectious  diseases  under  the  Notifica- 
tion Act  of  1889,  and  the  Infectious  Diseases  (JSTotification)  Extension 
Act,  1899.  The  Act,  which  formerly  was  an  adoptive  Act,  is  now  compulsory. 

The  diseases  scheduled  in  this  Act  are  : — Small-pox,  cholera,  diphtheria, 
membranous  croup,  erysipelas,  scarlet  fever,  typhus,  enteric  fever,  relapsing 
fever,  continued  fever,  puerperal  fever,  but  power  is  given  to  the  Sanitary 
Authority,  with  the  sanction  of  the  Local  Government  Board,  to  include  any 
other  infectious  disease,  suchas  measles,  rotheln,  or  whooping-cough.  Theabove 
named  and  scheduled  diseases  are  those  practically  to  wliich  also  the  Infec- 
tious Diseases  (Prevention)  Act,  1890,  applies.  "  Every  medical  practitioner 
•attending  on  or  called  in  to  visit  the  patient  shall  forthmth,  on  becommg 
aware  that  the  patient  is  suffering  from  an  infectious  disease  to  which  this 
Act  applies,  send  to  the  Medical  Officer  of  Health  for  the  district  a  certifi- 
cate stating  the  name  of  the  patient,  the  situation  of  the  building,  and  the 
infectious  disease  from  which,  in  the  opinion  of  such  medical  practitioner, 
the  patient  is  suffering."    The  penalty  for  default  is  a  fine  not  exceeding 
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40s.  Under  the  same  penalty,  the  householder  is  compelled  to  notify,  but  in 
a  less  formal  manner,  and  without  receiving  any  fee.  Forms  of  certificate 
are  supplied  to  every  practitioner  practising  in  the  district,  and  a  fee  of 
2s.  6d.  is  paid  to  Mm  for  each  certificate  regarding  a  private  patient,  and  Is. 
for  each  case  in  public  practice.  Though  the  system  of  notification  is 
"dual"  under  the  Act,  it  is  so  only  in  theory;  as  practically  the  house- 
holder's share  in  the  notification  is  allowed  to  lapse  as  an  unnecessary 
formality,  unless  there  is  no  doctor  in  attendance.  The  Act  does  not  apply 
to  Government  buildings,  such  as  barracks,  nor  to  any  "  hospital "  in  which 
persons  suffering  from  an  infectious  disease  are  received ;  it  applies  to 
"  every  ship,  vessel,  boat,  tent,  van,  shed,  or  similar  structure  used  for  human 
habitation."  The  Act  gives  no  power  of  compulsory  removal  of  patients  to 
hospital,  nor  even  power  of  entry  upon  premises  for  the  purpose  of  making 
inquiries. 

Section  130  of  the  Public  Health  Act,  187-5,  enables  the  Local  Govern- 
ment Board  to  make  regulations  for  the  treatment  of  persons  affected  with 
cholera  or  any  other  infectious  disease,  and  for  preventing  the  spread  of 
such  diseases  as  well  on  the  seas,  rivers,  and  waters  of  the  United  Kingdom, 
and  on  the  high  seas  within  3  miles  of  the  coast  thereof,  as  on  land,  and 
may  declare  by  what  Sanitary  Authorities  such  regulations  shall  be  enforced 
and  executed.  Cholera  regulations  have  been  issued  under  this  section,  and 
are  further  discussed  under  the  part  of  this  chapter  which  deals  with  Port 
Sanitary  Authorities. 

In  addition  to  these  regulations,  the  Local  Government  Board  have 
power,  under  section  134  of  the  Act  of  1875,  whenever  any  part  of  England 
appears  to  be  threatened  with,  or  is  affected  by,  any  formidable  infectious 
disease,  to  make,  and  from  time  to  time  alter  or  revoke,  regulations  for  any 
of  the  following  purposes,  namely,  for  the  speedy  interment  of  the  dead, 
for  house  to  house  visitation,  for  the  provision  of  medical  aid  and  accommoda- 
tion, for  the  promotion  of  cleansing,  ventilation,  and  disinfection,  and  for 
guarding  against  the  spread  of  disease ;  and  may  by  Order  declare  all  or  any 
of  the  regulations  so  made  to  be  in  force  within  the  whole  or  any  part  of  the 
district  of  any  Sanitary  Authority,  and  to  apply  to  any  vessels  whether 
on  inland  waters  or  on  parts  of  the  sea  within  the  jurisdiction  of  the 
Lord  High  Admiral  of  the  United  Kingdom.  The  Local  Authorities  are 
required  to  do  everything  that  is  necessary  to  carry  out  these  regulations. 
The  only  occasion  on  which  the  Board  have  found  it  necessary  to  issue 
regulations  under  these  sections  was  in  September  1893,  to  the  urban 
Sanitary  Authority  of  Grimsby  and  Cleethorpe  and  the  Port  Sanitary 
Authority  of  Grimsby,  when  those  districts  were  threatened  with  a  serious 
invasion  of  cholera.  These  orders  were  revoked  on  January  8,  1894,  on 
the  cessation  of  the  epidemic.  ' 

In  London  the  legislative  enactments  relating  to  infectious  diseases 
are  practically  all  contained  in  the  Public  Health  (London)  Act,  1891, 
sections  55  to  87,  as  both  the  Infectious  Disease  jSTotification  and  Preven- 
tion Acts  are  embodied  in  the  London  Act  of  1891.  There  are,  however 
a  few  modifications  necessitated  by  the  fact  that  the  whole  of  the 
metropohs  has  been  formed  into  one  asylum  district,  under  manafrers 
known  as  the  Metropolitan  Asylums  Board,  who,  by  the  Metropolitan 
Poor  Acts  of  1867,  1871,  and  the  Diseases  Prevention  (Metropolis)  Act 
1883,  provide  asylums  for  the  insane  and  infirm  as  well  as  hospitals  for 
infectious  diseases.  As  regards  notification,  there  is  an  important  differ- 
ence of  procedure  in  London  as  compared  with  England  and  Wales 
namely,  that  a  copy  of  the  certificate  must  be  sent  by  the  Medical  Officer 
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of  Health  both  to  the  Asyhims  Board  and  to  the  head  teacher  of  the 
school  attended  by  the  patient  (if  a  child),  or  by  any  child  who  is  an 
inmate  of  the  same  house  as  the  patient.  Besides  this,  the  different 
Medical  Officers  of  Health  receive  weekly  a  full  and  complete  list  from 
the  Asylums  Board  of  all  notifications  in  the  respective  metropolitan 

districts.  .  .        j.  ,  i  a 

The  County  Council  have  power  to  extend  the  provisions  oi  the  Act 
as  to  the  notification  of  infectious  disease  to  diseases  not  specifically 
mentioned.  The  other  general  provisions  as  to  disinfection,  removal  of 
infected  persons  or  dead  bodies,  and  burial  of  the  infective  dead,  are 
similar  to  those  already  explained  under  the  heading  of  England  and 
Wales. 

Power  is  also  given  to  the  Local  Government  Board  by  section  13  of  the 
London  County  Council  (General  Powers)  Act,  1893,  to  assign  to  the 
Council  any  duties  and  powers  under  epidemic  regulations  made  by  them 
in  pursuance  of  section  134,  Public  Health  Act,  1875,  as  they  deem  desir- 
able. In  extension  of  the  same,  they  may  substitute  the  County  Council 
for  any  Local  Authority,  on  whose  default  the  Council  have  power  to 
proceed  and  act  under  the  London  Public  Health  Act  of  1891. 

In  Scotland  under  section  78,  Public  Health  (Scotland)  Act,  1897,  the 
Local  Government  Board  may  make  regulations  for  (1)  the  speedy  interment 
of  the  dead ;  (2)  house  to  house  visitation ;  (3)  provision  of  medical  aid, 
accommodation,  disinfection,  and  for  guarding  against  the  spread  of  disease ; 
and  (4)  for  any  such  matters  or  things  as  may  appear  to  them  advisable  for 
preventing  or  mitigating  infectious  disease.  The  Local  Authority  shall 
superintend  and  see  to  the  execution  of  the  regulations  and  shall  have 
power  of  entry  on  any  premises  for  the  purpose  of  executing  or  superintend- 
ino-  any  regulations  issued  by  the  Board  (section  82). 

°  Under  section  85,  regulations  made  by  the  Local  Government  Board 
provide  for  their  being  enforced  and  executed  by  the  Ofiicers  of  Customs 
and  by  the  officers  and  men  employed  in  the  Coast  Guard,  as  weU  as  by 
other  Authorities  and  Officers— these  relate  to  notification  by  signal  in  case 
of  infectious  disease;  the  detention  of  vessels  and  of  persons  on  board 
vessels  •  the  duties  to  be  performed  in  case  of  disease  by  master,  pdots,  and 
other  persons  on  board  vessels.  These  regulations  shall  be  subject  to  the 
consent  of  the  Admiralty,  so  far  as  relates  to  the  Coast  Guard ;  to  the  Com- 
missioner, H.M.  Customs,  so  far  as  the  Officers  of  Customs  are  concerned, 
and  so  far  as  they  apply  to  signals  of  the  Board  of  Trade. . 

In  Ireland.— The  Notification  Act,  1889,  is  in  force  m  only  nine  rural 
and  seven  urban  sanitary  districts  ;  while  the  Isolation  Hospita  Act,  189,3 
does  not  extend  to  Ireland  at  all.  The  Infectious  Disease  (Prevention) 
Act  1890  extends  to  Ireland,  but  at  present  has  been  adopted  _  by  nve 
urban  and'four  rural  Sanitary  Authorities  only.  The  general  provisions  as 
to  the  control  of  infectious  diseases,  the  compulsory  removal  of  patients 
to  hospital,  the  disinfection  of  infected  clothing,  the  removal  and  burial 
of  the  infected  dead,  and  the  erection  and 

hospitals,  as  contained  in  the  Public  Health  ^^^^'^^ 
with  the  exception  of  some  minor  points,  similar  to  those  of  the  Lngiisli 

Act  of  1875. 

PORT  SANITAEY  AUTHORITIES. 

In  England  and  Wales.-Under  section  287,  Public  Health  Act,  1875 
the  Local  Government  Board  may,  by  Order,  constitute  any  Samtary 
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Authority,  whose  district  abuts  upon  any  port  in  England  or  Wales,  the 
Sanitary  Authority  for  the  whole  or  any  part  of  such  port.  The  Board 
may  also  combine  two  or  more  riparian  Authorities  for  the  purpose; 
or  may  constitute  one  Port  Sanitary  Authority  for  any  two  or  more 
ports.  The  Authority  may  be  constituted  permanently  or  temporarily. 
Of  the  sixty  Port  Sanitary  Authorities  in  existence  on  December  31, 
1893,  no  less  than  fifty-three  were  constituted  permanently.  An  Order 
constituting  a  Port  Sanitary  Authority  may  assign  to  it  any  powers,  rights, 
duties,  capacities,  liabilities,  and  obligations  of  an  urban  Sanitary  Authority, 
so  far  as  applicable  to  a  Port  Sanitary  Authority,  and  to  vessels,  waters,  or 
persons  within  its  jurisdiction  (sections  288  and  289). 

The  powers  and  duties  of  a  Port  Sanitary  Authority  consist  primarily  of 
those  conferred  by  such  of  the  specified  portions  of  the  Public  Health  Act 
as  the  particular  Order  may  decide.  The  powers  usually  conferred  are  those 
under  sections  91  to  111  (nuisances),  120  to  133  (infectious  diseases  and 
hospitals),  134  to  138  (prevention  of  epidemic  diseases),  141  and  142 
(mortuaries),  182  to  186  and  188  (bye-laws),  189  (appointments  of  Medical 
Officer  of  Health  and  Inspector  of  Nuisances),  175  to  177  (relating  to 
purchase  of  land),  and  the  provisions  of  the  same  Act  relating  to  contracts, 
arbitrations,  the  conduct  of  business,  audit,  and  legal  proceedings,  as  well 
as  section  2  of  the  Public  Health  (Ships,  &c.)  Act,  1885,  which  applies 
the  provisions  of  the  Act  of  1875  as  to  infectious  diseases  and  hospitals  to 
ships,  which  come  for  these  purposes  within  the  definition  of  "house." 
These  various  powers  and  duties  are  further  extended  by  the  Cholera 
Regulations  made  by  the  Local  Government  Board  under  section  130  of 
the  Public  Health  Act,  1875,  and  the  Public  Health  Act,  1896,  and  by  the 
Order  prescribing  the  duties  of  a  Port  Medical  Officer  of  Health  (see  page 
829).  The  regulations  now  in  force  under  PubHc  Health  Act,  1896  and 
Public  Health  (Ports)  Act,  1896,  are  as  foUows  :— 

Eegulations  as  to  Cholera,  YeUow  Fever,  and  Plague.— Every  Port 
or  other  Sanitary  Authority,  witliin  whose  district  persons  are  likely 
to  be  landed  from  ships  "coming  foreign,"  must  appoint  a  place  for 
mooring  such  as  are  infected,  and  must  provide  for  the  reception  of  cases 
(actual  or  suspected)  of  cholera,  yeUow  fever,  or  plague.  A  ship  is  to  be 
deemed  "infected"  if  there  is  or  has  been  during  the  voyage,  or  during 
stay  m  port  of  departure,  or  m  a  port  of  call  any  case  of  the  above-named 
diseases  on  board.  An  infected  ship  must  hoist  a  black  and  yeUow  flacr 
when  within  three  miles  of  the  coast  of  England  and  Wales.  The  Customi 
Officer,  who  is  the  first  to  board  the  ship,  must,  as  far  as  possible,  ascertain 
whether  it  is  "  infected  or  not,  and  if  he  has  reason  to  beheve  that  it  is,  or 
that  It  has  come  from  an  infected  port,  he  must  obtain  from  the  master  (or 
from  the  surgeon  if  there  be  one)  a  written  statement  in  prescribed  form 
declaring  the  occurrence  or  non-occurrence  of  cases  or  suspected  cases 
during  the  voyage.  If  he  finds  the  ship  to  be  infected,  he  must  order  the 
master  to  anchor,"  and  must  give  notice  to  the  Sanitary  Authority  of  the 
port  at  which  the  ship  is  about  to  call. 

If  from  such  warning,  or  from  other  information,  the  Medical  Officer  of 
Health  has  any  reason  to  beheve  that  any  ship  within  the  jurisdiction  of  his 
banitary  Authority  is  infected,  he  must  forthwith  visit  and  examine  it  and 
may  do  so  if  it  comes  from  an  infected  port.  If  he  finds  that  there  is  or  has 
been  a  case  (of  one  of  the  three  diseases  in  question)  on  board,  he  must  certifv 
accordingly  to  the  master,  who  is  thereupon  bound  to  moor  in  the  place 
appointed.  The  Medical  Officer  of  Health  must  then  examine  every  person 
•  on  board,  none  being  allowed  to  leave  the  ship  until  the  examination  is  made 

3  p 
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All  who  are  found  to  be  suffering  from  such  disease  are  to  be  removed 
to  the  hospital  or  place  provided  by  the  Sanitary  Authority,  if  their  con- 
dition admit  of  it,  and  must  not  leave  such  place  until  the  Medical  Officer  of 
Health  certifies  that  they  are  free  from  disease.  If  they  cannot  be  removed, 
the  ship  remains  subject  to  the  control  of  the  Medical  Officer  of  Health, 
without  whose  written  consent  the  infected  persons  cannot  leave  the  ship. 

Persons  certified  by  the  Medical  Officer  of  Health  to  be  suffering  from 
an  illness  which  he  suspects  may  prove  to  be  one  of  the  three,  may  be 
detained  either  on  the  ship  or  in  some  place  provided  by  the  Sanitary 
Authority  for  not  more  than  two  days,  in  order  that  it  may  be  ascertained 
whether  their  illness  is  or  is  not  of  the  kind  suspected.    No  person,  not 
certified  as  above,  is  to  be  permitted  to  land  unless  he  satisfies  the  Medical 
Officer  of  Health  as  to  his  name,  place  of  destination,  and  address  at  such 
place;  and  the  Medical  Officer  of  Health  must  give  such  names  and 
addresses  to  the  clerk  of  the  Sanitary  Authority,  who  must  transmit  them 
to  the  Sanitary  Authority  of  the  districts  in  question.    The  Medical  Officer 
of  Health  must  give  directions  and  take  such  steps  as  may  appear  to  him  to 
be  necessary  for  preventing  the  spread  of  infection,  and  the  master  of  the 
ship  must  carry  out  such  directions  as  are  given  to  him.    In  the  event  of  a 
case  ending  fatally  on  board,  the  master  must,  at  the  direction  of  the 
Sanitary  Authority,  either  bury  the  body  at  sea,  properly  weighted,  or 
deliver  it  to  the  Sanitary  Authority  for  interment.    He  must  disinfect  and, 
if  necessary,  destroy  the  clothing,  bedding,  and  other  articles  of  personal  use 
Ukely  to  retain  infection,  which  have  been  used  by  mfected  persons;  and 
disinfect  the  ship  and  disinfect  or  destroy  all  articles  therein  probably 
infected,  according  to  the  directions  of  the  Medical  Officer  of  Health  It 
he  beheves  the  ship  to  be  infected,  or  to  come  from  an  infected  port,  the 
Medical  Officer  of  Health  may  order  the  bilge  water  and  water  baUast  to  be 
pumped  out  before  the  ship  enters  dock,  or  may  cause  the  water-baUast 
tanks  to  be  sealed,  if  emptying  them  would  endanger  the  ship.    He  maj 
■  order  all  casks  or  tanks  containing  drinking  water  to  be  emptied  and 
cleansed  on  the  Sanitary  Authority  providing  a  proper  supply. 

When  a  vessel  is  not  infected,  but  has  passengers  on  board  who  are  m  a 
filthy  or  otherwise  unwholesome  condition,  the  Medical  Officer  of  Healtli 
may  certify  to  the  master,  that  in  his  opinion  it  is  desirable,  with  a  view  to 
checking  the  introduction  or  spread  of  cholera,  yeUow  fever,  or  plague,  that 
no  persons  should  be  aUowed  to  land  until  they  have  satisfied  hmi  as  to 
their  names  and  places  of  destination,  and  addresses  at  such  places,  ihere- 
upon  the  same  measures  are  to  be  adopted  as  in  case  of  persons  permitted  to 

leave  an  infected  ship.  .  ,  • 

In  addition  to  the  foregoing  regulations.  Orders  are  from  time  to  time 
issued  and  afterwards  rescinded,  by  the  Local  Government  Board,  prohibit- 
ing he  Snportation  of  rags,  &c.,  from  infected  f-eign  prts  or  requir^^^ 
tlmt  they  shall  be  disinfected  or  destroyed  to  the  satisfaction  of  the  Medical 
Officer  of  Health.    The  regulations  in  this  connection,  now  ^^  l<i''^'^^^ 

contained  in  Orders  dated  August  5  ^^^^^ /^P^^Jf^^-^^l^;,  ^,4,^^^^^^^^^ 
provide  that  "no  dirty  bedding,  or  disused  or  filthy  clothing,  ;^^hethel 
Ecincr  to  emic^rants  or  otherwise,  from  France  or  from  any  foreign  poit 
in  Sope  L^^^^^^^  Dunkirk,  other  than  ports  of  Sweden,  Norway,  and 
Se^S^aXortlanyportonthe  Black  Sea  or  Sea  of  fzo.,  .diertie^^^^^^^ 
Russia,  Roumania,  Bulgaria,  or  Turkey,  or  from  any  othe  poit  of  T-^ke^ 
in  Asia  should  be  delivered  overside,  or  ^^^^ed  except  for  the  puipose^^ 
disinfection  or  destruction."  Disinfection  must  be  f 
the  owner,  and  to  the  satisfaction  of  the  Medical  Officer  of  Health,  bj 
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steam  under  pressure  at  a  temperature  not  less  than  212°  Y.  In  default  of 
such  disinfection  within  forty-eight  hours,  the  articles  are  to  be  destroyed. 
The  terms  "  bedding "  and  "  clothing "  include  all  such  articles  when  torn 
up,  but  do  not  include  "  rags  compressed  by  hydraulic  force  transported  as 
wholesale  merchandise  in  bales  surrounded  by  iron  bands,  and  with  marks 
and  numbers  showing  their  origin,  and  accepted  as  such  by  the  Commissioners 
of  Her  Majesty's  Customs." 

The  Corporation  of  London  are  the  Port  Sanitary  Authority  of  the  Port 
of  London,  by  the  Pubhc  Health  Act,  1872,  and  since  confirmed  by  section 
111  of  the  Public  Health  Act  (London),  1891.  The  duties,  powers,  and 
obligations  of  the  Sanitary  Authority  of  the  Port  of  London  are  the  same  as 
those  of  all  other  Port  Sanitary  Authorities  in  England  and  Wales. 

In  Scotland. — The  Public  Health  Act,  1896,  repeals  the  old  Quarantine 
Act  of  1825  and  extends  the  powers  of  the  Local  Government  Board  to 
issue  Orders  under  sections  130  and  134  of  the  Act  for  1875,  dealing  with 
epidemic,  endemic,  or  infectious  diseases. 

The  Public  Health  (Ports)  Act,  1896,  enables  the  Local  Government 
Board  to  issue  orders  making  aU  or  any  of  the  provisions  of  the  Infectious 
Diseases  Prevention  Act,  1890,  applicable  to  any  Port  Sanitary  Authority. 

Under  section  172,  Public  Health  (Scotland)  Act,  1897,  the  Local 
(rovernment  Board  for  Scotland  may  by  Order  constitute  any  Local  Authority 
of  a  district  forming  part  of  a  port  the  "Port  Local  Authoritj^,"  and  this 
authority  may,  with  the  sanction  of  the  Local  Government  Board,  delegate  to 
any  Local  Authority  within  or  bordering  on  their  district,  the  exercise  of 
any  powers  conferred  on  such  authority  by  Order  of  the  Board  (section  174). 
The  regulations  issued  by  the  Boards  for  the  prevention  of  epidemic  disease 
will  be  enforced  by  the  Port  Local  Authority  (section  78). 

In  Ireland  there  are  no  Port  Sanitary  Authorities  such  as  exist  in 
England  and  Wales.  The  Irish  Local  Government  Board  have  similar 
powers  to  make  regulations  in  respect  of  sea-borne  cholera  or  other  infectious 
disease,  by  section  148  of  the  Public  Health  (Ireland)  Act,  1878,  as  have 
tlie  English  Board  under  the  English  Acts;  and  the  provisions  of  the 
Public  Health  Act,  1889,  apply  equally  to  Ireland  as  to  England.  The 
regulations  now  in  force  in  Ireland  under  these  enactments  are  contained  in 
the  Orders  of  the  Local  Government  Board  for  Ireland,  dated  December 
6,  1890  (as  amended  on  July  26,  1892),  and  September  10,  1892.  These 
regulations  are  practically  the  same  as  those  of  the  English  Board.  With 
Inference  to  the  importation  of  rags  from  places  in  which  cholera  has  been 
prevalent,  the  Irish  Local  Government  Board  issued  Orders  on  August  15, 
1893,  and  September  18,  1893,  which,  in  all  essential  particulars,  correspond 
to  the  analogous  Orders  of  the  English  Board. 
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MILITARY  HYGIENE. 

The  term  '  military  hygiene '  is  used  to  signify  the  care  of  troops.  The 
State  employs  a  large  number  of  men,  whom  it  places  under  its  own  social 
and  sanitary  conditions.  It  removes  from  them  much  of  the  self-control 
with  regard  to  hygienic  rules  which  other  men  possess,  and  is  therefore 
bound  by  every  principle  of  honest  and  fair  contract  to  see  that  these  men 
are  in  no  way  injured  by  the  system.  But  more  than  this :  it  is  as  much 
bound  by  its  own  self-interest.  It  has  been  proved  over  and  over  again 
that  nothing  is  so  remunerative  as  the  outlay  which  augments  health  and,  m 
doinr  so,  augments  the  amount  and  value  of  the  work  done.  As  an  army 
depends  entirely  on  the  physical  character  of  the  men  who  compose  it,  it  is 
necessary  briefly  to  refer  to  this  part  of  the  subject.  ,      ^       ,       ,  ^ 

Selection  of  Recruits.— The  British  Army  is  enhsted  on  the  voluntary 
system    The  terms  of  enlistment  are  for  Long  Service,  which  consists  of 
twelve  years'  service  with  the  colours  and  no  reserve  service,  or  Shoi-t  Sermce, 
which  consists  of  periods  of  service  with  the  colours  and  m  the  reserve, 
varying  in  the  different  arms  of  the  service.    The  limits  of  age  at  which 
recruits  are  taken  are  from  eighteen  to  twenty-five  years,  except  for  the 
royal  engineers  and  medical  staff  corps,  when  the  age  is  extended  to^thirty 
and  twenty-eight  years  respectively.    Boys,  however,  may  be  enhsted  as 
drummers.     Recruits  must  be  of  a  certain  height,  which  varies  for  the 
different  arms  of  the  service;  for  the  household  cavalry,  it  is  from  5  ft.  11 
in  to  6  ft.  1  in. :  for  the  cavalry  of  the  line,  from  5  ft.  6  in.  to  5  ft.  9  in.; 
for  drivers  in  the  royal  artillery,  5  ft.  2  in.  to  5  ft.  6  in.,  and  drivers  m  the 
royal  engineers,  from  5  ft.  A  in.  to  5  ft.  6  in.,  and  for  gunners  and  sappers 
in  the  same  corps,  5  ft.  6  in.  and  upwards;  for  the  foot  guards  5  ft.  8  in 
and  upwards  ;  for  the  infantry  of  the  line,  5  ft.  3  in.  and  upwards ;  and  for 
the  departmental  corps,  from  5  ft.  3  in.  to  5  ft.  5  in.    A  certain  minimum 
airth  of  chest  is  also  required,  and  a  certain  minimum  of  weight ;  the  chest 
measurement  must  not  be  less  than  33  inches,  nor  the  weight  less  than 
115  ft     For  cavalry  and  artillery  this  weight  is  too  snial  ;  experience  has 
shown  that  the  minimum  weight  for  these  branches  of  the  service  should 
not  be  less  than  125  ft,  as  this  is  the  lowest  weight  that  would  give  a 
catalry  soldier  power  at  onoe  to  control  his  horse  and  wield  his  weapon,  or 
a  driver  strength  to  manage  a  pair  of  horses.  ^p,,,ond 
In  time  of  war  the  measurements  are  reduced  according  to  the  demand 
for  menTand  Tven  in  time  of  peace  the  same  standard  is  not  always 

""Sdorf  ills  enlistment  is  completed,  the  recruit  is  carefully  examined  by 
a  medical  officer  of  the  regular  or  auxiliary  forces  accordmg  to  a  scheme 
hid  diwuTthe  Regulatrom  for  the  Medical  Services.    The  examination 
fa  sS  one,  and  fims  at  investigating,  as  l^f 
condition,  the  senses,  the  general  formation  of  the  body,  the  absence 
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any  infirmity  or  injury  likely  to  interfere  with  his  duties  as  a  soldier, 
the  condition  of  the  heart,  lungs,  and  ahdominal  organs  generally,  the 
condition  of  the  joints,  the  state  of  his  feet,  the  absence  of  hernia,  varico- 
cele, &c.,  and  his  power  of  vision  for  long  ranges. 

The  trades  of  the  men  furnishing  the  recruits  vary  greatly  from  year 
to  year,  labourers,  servants,  and  husbandmen  forming  the  larger  propor- 
tion generally  (in  1898,  65-7  per  cent.),  and  manufacturing  artisans  con- 
tributing the  next  larger  number  (13'9  per  cent.).  Of  the  recruits  exauoined 
in  the  United  Kingdom  during  the  year  1898,  351  "42  per  1000  were 
rejected.  Among  the  causes  of  rejection,  the  most  frequent  was  defective 
development,  that  is,  under  the  standard  for  height,  chest  measurement, 
and  weight,  the  ratio  being  130*49  per  1000  ;  defective  vision  was  the 
next  most  frequent  cause,  and  accounted  for  42'64  rejections;  loss  of  teeth, 
heart  affections,  defects  of  the  lower  extremities,  and  diseases  of  the  veins 
were  among  the  other  causes,  and  in  the  order  given. 

After  the  recruit  has  been  enlisted  and  approved,  he  joins  his  depot  or  his 
regiment ;  receives  his  kit,  which  he  subsequently  in  part  keeps  up  at  his 
own  cost ;  and  is  put  on  the  soldier's  rations.  He  enters  at  once  on  his  drill, 
which  occupies  from  3J  to  4J  hours  daily.  Wlierever  gymnasia  are  estab- 
lished, he  goes  through  a  two  months'  course  of  gymnastic  training  for  one 
hour  every  day.  He  then  goes  to  rifle  drill,  which  lasts  about  six  weeks, 
and  then  joins  the  ranks.  After  the  rifle  drill,  he  has  another  month's 
;  gymnastic  training,  and  is  then  supposed  to  be  a  finished  soldier. 

As  regards  age,  many  competent  officers  consider  that  no  recruits  should 
be  enlisted  under  twenty  to  twenty-one  years.  This  opinion  is  based  on 
the  fact  that  the  most  effective  armies  are  those  in  which  the  youngest 
I  soldiers  have  been  over  twenty-two  years  of  age.  At  eighteen  the  bones  are 
:  not  fully  formed,  nor  do  the  muscles  reach  their  mature  growth  much  before 
I  twenty-five  years ;  while  thus  undeveloped  and  immature,  as  they  must  be 
iat  eighteen  years,  it  is  useless  to  expect  any  long-continued  exertion  or 
'energy  from  men  at  that  age.  If  enlisted,  the  State  should  recognise  this, 
I  and  suit  the  work  to  their  strength ;  at  eighteen,  recruits  have  not  only  to 
'work,  but  to  grow  and  develop,  and  they  should  have  precisely  the  amount 
I  of  exercise  and  kind  of  work  best  fitted  for  them. 

As  regards  vision,  the  experience  of  the  London  recruiting  officers  is  that 
i  imperfect  or  defective  vision  increases  with  ascent  in  the  social  scale  ;  it  is, 
(on  the  whole,  less  perfect  among  the  better  than  the  lower  class  of  recruits, 
(and  in  town  than  in  country. 

_  Sir  W.  Aitken  pointed  out  the  importance  of  the  correlation  of  height, 
'weight,  and  chest  measurement  in  estimating  physique  as  a  whole ;  good 
1  weight  for  height  being  of  the  first  importance.  An  easy  rule  is  that  up  to 
(5  ft.  7  in,  thrice  the  height  in  inches  ought  to  be  about  the  weight  in  pounds ; 
Eand  add  7  R  for  every  inch  above  5  ft.  7  in. 

It  has  also  been  observed  that  a  close  correlation  exists  between  the 
iphysical  and  moral  development  of  men  ;  in  fact,  lowering  the  physical 
rmeans  lowering  the  moral  standard  of  recruits  :  if  we  dip  too  low  for  our 
rrecruits,  we  shall  be  liable  to  get  men,  not  only  small,  but  unsteady,  wanting 
I  in  mental  ballast  as  well  as  in  physical  strength.  The  nerves  and  muscles  are 
Ibuilt  up  by  the  same  processes  of  nutrition,  and  the  weighing  machine  is  the 
Ibest  of  all  means  we  have  for  testing  the  general  fitness  of  the  recruit. 

The  measurement  of  the  "  chest  capacity "  is  of  great  importance  in 
ddetermining  the  vigour  of  the  recruit.  From  a  large  number  of  observations 
nmade  at  St  George's  Barracks  it  has  been  found  that  the  maximum  expan- 
!<sion  of  the  chest  of  a  man  of  average  size,  between  eighteen  and  twenty-five 
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years  of  age,  is  about  2  to  2|,  rarely  3  inches.  The  method  adopted  for 
ascertaining  these  measurements  is  as  follows  :-0n  carefully  adjusting  the 
linen  tape  j'ust  below  the  point  of  the  shoulder-blades  behind  and  above  the 
nipples  in  front,  the  recruit  is  directed  to  take  a  deep  breath  and  expand 
himself  to  the  utmost ;  this  being  done  two  or  three  times,  the  maximum 
expansion  is  ascertained  ;  the  minimum  is  found  by  deducting  2  to  2^  inches 
according  to  the  height  and  general  physique  of  the  man^^  The^minimum 
and  maximum  are  then  recorded  above  each  other,  as  —  or  ^  as  the 

case^may  be  measurements  he  had  taken  of  soldiers  enlisted  at 

Munich  during  a  period  of  five  years.  His  results  correspond  almost  entirely 
with  the  measurements  given  by  Frolich  and  Vogl.    They  are  shown  m 


Seggel. 

Vogl. 

weight,  

chest  measurement  

chest  expaiisiou,  .... 
width  of  shoulders,     .       .       •  • 

Antero-posterior  lines  of  chest  (sagittal  measure- 
ments),   

1-6686  m. 

64-3  kilos. 

(141-5  ft) 

0-848  m. 

7-3  cm. 

41-1  cm. 
(  a.  23-7  cm. 
A  b.  21-4  cm. 
[c.  18-7  cm. 

1-67  m. 
63-2  kilos. 
(139-1  ft) 
0-848  m. 
7  cm.  (Frolich) 

18-7  cm. 

Seggel  arrives  at  the  conclusion  that  the  width  of  the  shoulder  is  an  im- 
portant measurement  to  make  in  examining  soldiers.  He  takes  the  measure- 
ments with  the  arms  hanging  at  the  sides  or  held  straight  out  ^  front  of  the 
body  •  the  width  of  the  shoulder  should  not  be  less  in  a  properly  built  man 
than  two-ninths  of  the  man's  height,  the  best  minimum  to  take  being  one- 
nuarter  of  the  height.  The  antero-posterior  diameter  of  the  chest  is 
measured  at  three  points— the  superior  border  and  middle  of  sternum  and  tip 
of  ensiform  cartilage.  Seggel  found  that  the  greater  this  sagittal  measure- 
ment, the  greater  was  the  chest  expansion  .    .n  «qr\     R7  inphe^! 

ik  the  French  Army  the  minimum  height  is  now  fixed  (1896)  at  67  mches 
a-70  metre)  for  cuirassiers,  and  61  inches  (l-54metre)  for  infantry  of  the  hue. 
^  In  the  United  States  Army  the  minimum  height  is  5  ft  4  m. ;  ^a.^mum 
height  for  cavalry,  5  ft.  10  in.,  the  minimum  weight  being  12b  K),  the 

""'""The  Con^tSns  under  which  the  Soldier  is  placed.-While  the  principles 
of  water  and  air  supplies  for  soldi_ers  do  not  materiaUy  differ  f^om  those 
already  explained  for  communities  in  general,  there  are  certain  features  ot 
milTtary  Hfe  which  require  special  consideration:  these  are  barraclcs,  huts 
Z^Telcan^p.nents,fool  clothing,  and  .orJc.  These  conditions  are  ex^^^^^^^^^ 
various,  as  the  soldier  serves  in  so  many  stations,  but  the  chief  points 
common  to  all  can  be  passed  m  review.  t7„,^„p  ,f,-il  are 

Barracks  have  been  in  our  army  and  m  many  armies  of  Europe  stm  ai^ 
1  fertile  source  of  illness  and  loss  of  service.  At  all  times  the  gieatest  caie 
fs  necessSrto  c^^^^^^^  effects  of  compressing  a  number  o 

iionsTnto  a  restricted  space,  'in  the  case  of  soldiers  the  compression  .^^^ 
been  extreme  -  but  the  counteracting  care  has  been  wanting  It  is  not  much 
more  tSan  "xty  years  since,  in  the  West  Indies,  the  men  slept  in  hammocks 
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touching  eacli  other,  only  23  inches  of  lateral  space  being  allowed  for  each 
man.  At  the  same  time,  in  England,  the  men  slept  in  beds  with  two  tiers, 
like  the  berths  in  a  ship ;  and  not  infrequently  each  bed  held  four  men. 
AVhen  it  is  added,  that  neither  in  the  "West  Indies  nor  in  the  home  service 
Avas  such  a  thing  as  an  opening  for  ventilation  ever  thought  of,  the  state  of 
the  air  can  be  imagined. 

The  means  of  removal  of  excreta  were,  even  in  our  own  days,  of  the  rudest 
description,  both  at  home  and  in  many  colonies  ;  and  from  this  cause  alone 
there  is  no  doubt  that  the  great  military  nations  have  suffered  a  loss  of  men 
which,  if  expressed  in  money,  would  have  been  sufficient  to  rebuild  and  purify 
every  barrack  they  possess.  To  these  two  causes  must  be  attributed  the  great 
loss  suffered  by  our  troops  in  former  years  from  phthisis  and  enteric  fever. 

The  selection  of  the  site  is  of  the  first  importance.  Sites  should  be  so 
selected  as  to  secure  a  fall  from  the  building  in  one  direction  at  least,  and  if 
possible  in  more,  for  this  will  facilitate  drainage,  and  natural  drainage  outlets 
should  always  be  provided  for.  A  jjerfectly  free  circulation  of  air  should 
prevail  around  the  buildings.  Aspect  should  never  be  sacrificed  to  prospect. 
In  England  the  south-east  is  the  best  aspect,  for  it  is  least  exposed  to  rain 
and  boisterous  winds.  The  soil  should  be  porous ;  clay  soils  and  all  retentive 
soils  should,  if  possible,  be  avoided.  The  level  of  the  ground  water  should 
be  noted,  and  when  this  is  near  the  surface  the  site  should  be  drained  as  far 
as  possible,  in  order  to  lower  its  level  and  to  prevent  changes,  either  in  a  rise 
or  fall,  taking  place.  Provision  must  also  be  made  for  the  rapid  and  effectual 
removal  of  all  water  from  the  buildings,  so  that  there  may  be  no  dampness. 
In  order  to  test  the  healthiness  of  a  site  an  inquiry  into  the  rate  of  sickness 
and  mortality  in  the  district  will  afford  valuable  information,  and  the  nature 
of  the  prevalent  diseases  should,  if  possible,  be  ascertained. 

In  the  tropics  and  in  sub-tropical  countries  aU  these  conditions  are  of 
even  greater  importance.  The  following  sites,  which  are  proved  by 
experience  to  be  unhealthy,  should  be  avoided : — 

1.  Clay  soils,  especially  in  India. 

2.  Ground  at  the  foot  of  hills  or  in  deep  valleys  or  ravines  which  receive 
the  di'ainage  from  higher  levels. 

3.  Eavines  are  always  dangerous,  as  are  also  elevated  sites  near  them. 
Malaria  is  carried  up  through  them  by  air  currents,  and  generally  they  are 
receptacles  for  decaying  and  rank  vegetation. 

4.  Any  ground  covered  with  rank  vegetation,  as  where  this  exists  the  sub- 
soil water  is  close  to  the  surface,  and  there  is  usually  much  decaying  matter. 

5.  Low-lying  banks  of  rivers  or  any  grounds  subject  to  periodical 
floodings,  and  especially  any  marsh  lands,  partly  covered  with  salt  and  fresh 
water.  Military  reasons  must  determine  the  position  to  be  occupied  by  a 
military  force,  but  whenever  barracks  can  be  placed  in  the  open  country, 
such  positions  should,  if  possible,  be  selected  in  preference  to  sites  in  town 
districts,  for  although  it  is  not  always  possible  to  assign  the  precise  influence 
which  the  position  of  barracks  exercises  on  the  health  of  troops,  there  is  no 
reason  to  doubt  that  barracks  located  in  close  unhealthy  neighbourhoods  are 
influenced  by  the  same  conditions  which  govern  health  in  such  neighbour- 
hoods. More  especially  is  this  the  case  with  regard  to  hospitals,  on  account 
of  the  great  susceptibility  of  sick  men  to  the  eff'ects  of  impure  air.  If 
barracks  must  be  erected  in  towns,  the  buildings  shoidd  be  distributed  over 
an  area  sufficiently  large  to  secure  free  access  of  air  and  sunlight. 

The  plans  on  which  barracks  were  formerly  built  in  Great  Britain,  Ireland, 
and  the  Colonies  exhibit  every  possible  variety  both  as  regards  their  design 
and  internal  arrangement.    In  many  cases,  the  chief  object  in  view  appears 
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to  have  been  to  place  as  many  men  as  possible  on  the  ground  at  the  disposal 
of  the  engineer  who  designed  them.  Since  the  Royal  Commission  on  the 
Sanitary  Condition  of  Barracks  and  Hospitals  issued  their  report  and  pointed 
out  the  errors  made  in  this  respect,  a  great  improvement  has  taken  place, 
and  now  barracks  are  built  on  a  standard  plan  with  such  modifications  as 
are  necessarily  required  according  to  locality  and  climate. 

The  Barrack  Improvement  Commissioners  very  justly  recommended  that 
there  should  be  division  of  the  men  among  numerous  detached  buildings ; 
and,  instead  of  the  square,  that  the  separate  buildings  should  be  arranged  in 
line's,  each  building  being  so  placed  as  to  impede  as  little  as  possible  the 
movement  of  air  on  the  other  buildings  and  the  incidence  of  the  sun's  rays. 

In  arranging  the  lines,  the  axis  of  the  buildings  should  be  if  possible 
north  and  south,  so  as  to  allow  the  sun's  rays  to  fall  on  both  sides.  One 
building  should  in  no  case  obstruct  air  and  light  from  another,  and  each 
building  must  be  at  a  sufficient  distance  from  the  adjoining  one,  and  this 
distance  should  not  be  less  than  its  own  height,  and  if  possible  more. 

If  the  arrangement  is  in  the  form  of  a  square,  the  angles  of  the  square 
should  be  left  open  to  allow  of  the  circulation  of  air.    Tree  access  of 


sun- 


light should  be  provided  for. 

Barracks  are  best  constructed  of  only  two  storeys.  The  ground  floor 
may  be.  with  advantage,  used  for  libraries,  day  rooms,  and  admmistrative 
purposes,  but  this  is  not  practicable  as  a  rule :  basements  should  never  be 
utiUsed  as  barrack  rooms :  they  are  always  liable  to  damp,  and  the  air  m 
them  is  generally  stagnant. 

Each  ranc^e  of  barracks  should  consist  of  separate  houses  completely 
independent  of  one  another.  Where  houses  abut,  the  party  waUs  ought  to 
be  carried  above  the  roof.  Each  house  should  be  divided  up  the  middle  by 
a  large  staircase,  extending  to  the  top  and  ventilated  through  the  root. 
This  wiU  prevent  the  air  of  opposite  barrack  rooms  intermingling. 

At  home  stations  the  accommodation  per  bed  in  barracks  is  as  foUows  : 
(a)  permanent  buildings,  floor  space  57  square  feet,  cubic  space  600  cubic 
feet ;  (h)  wooden  huts,  floor  space  50  square  feet,  cubic  space  500  cubic 
feet.  At  stations  abroad  the  floor  space  in  permanent  buildmgs  varies  from 
60  to  80  square  feet,  and  the  cubic  space  from  630  to  1000  cubic  feet.  In 
wooden  huts  abroad  the  floor  space  varies  between  50  and  75  square  teet, 
and  the  cubic  space  between  500  and  850  cubic  feet. 

Barrack  rooms  are  now  arranged  in  company  blocks.    Eight  companj 
blocks  are  aUowed  per  regiment.    Each  block  consists  of  two  ^^^-^^^ 
sioned  officers'  rooms  and  four  soldiers'  rooms  each  of  which  Isolds  21  men 
A  non-commissioned  officer's  room  has  the  following  dimensions  :  length  12 
feet,  breadth  9  feet,  height  10  feet  6  inches     Each  -^f  f  L^^^  ^ '  %J 
length  of  57  feet  9  inches,  breadth  21  feet,  and  height  10  feet  6  inches .  so 
haf  eacli  soldier  has  not  less  than  600  cubic  feet,  and  57  feet  of  superfici^^^ 
area.    The  beds  should  aU  have  their  heads  against  external  walls  and 
there  should  be  a  passage  not  less  than  18  inc^ies  wide  on  at  leas   one  side 
of  each  bed     Each  company  block  has  two  ablution  rooms,  length  15  teet 
breadth  7  tt  6  inches,  ai/height  not  less  than  9  feet,  ^^-^l^^f^^^^ 
at  the  rate  of  14  per  cent.,  each  company  block  leaving  12  ^^^sms 
two  ablution  rooms.    In  each  barrack  i^om  special  ^^^^lets  are  pro^  ide^^^ 
which  should  be  at  the  rate  of  not  less  than  one  ^.^^^ ^^/^^J^^^^^^^^^ 
section  area  to  60  cubic  feet  of  room  space.    Fresh  air 

provided  at  the  rate  of  one  square  inch  to  every_60  cubic  feet  «f^°«"^«P^\^^ 
except  where  ventilating  gi-ates  are  used,  in  which  .^^^^^^^^d  to  s^PP  ^ 
every  120  cubic  feet  only  is  required,  the  gi-ates  being  constructed  to  supply 
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lhalf  the  necessary  amoimt  of  fresh  air,  warmed  to  60°  F.  Cold  fresh  air 
^should  be  admitted  in  an  upward  direction  at  a  height  of  8  to  10  feet  from 
ithe  floor ;  warm  air  inlets  of  ventilating  grates  should  not  be  more  than  8 
tfeet  above  the  floor.  In  a  barrack  room  two  outlet  shafts,  each  14  inches 
Iby  9  inches,  are  provided,  also  8  inlet  shafts,  five  with  an  area  of  10  square 
iinches,  and  three  with  an  area  of  20  square 
iinches.  There  are  two  ventilating  grates  in 
eeach  barrack  room,  the  air  shafts  being 
iiarranged  to  supply  half  the  fresh  air  required. 
IThe  external  openings  of  the  air  ducts  must 
Ibe  placed  above  the  damp  proof  course  and 
mot  less  than  18  inches  from  the  ground. 

Bath-houses. — Two  bath-houses  are  sup- 
pplied  per  regiment.  One  bath-room  for  non- 
reommissioned  ofBcers  and  five  bath-rooms  for 
ssoldiers  are  provided  in  each  bath-house. 

Latrines. — For  single  non-commissioned 
rafiicers  and  men,  latrine  seats  and  urine  stalls 
me  provided  at  the  rate  of  5  per  cent.  "When 
liry  earth-closets  are  used  the  provision  of 
Beats  will  be  at  the  rate  of  7  per  cent.  The 
Hushing  water  should  be  delivered  into  a 
liistern  capable  of  holding  not  less  than  10 
[gallons  per  seat.  Trough  latrines  are  not  to 
we  used. 

In  the  French  Army  the  amount  allotted 
58  14  cubic  metres  (495  cubic  feet)  for  cavalry, 
md  12  cubic  metres  (424  cubic  feet)  for 
infantry,  per  head,  the  air  to  be  changed 
itt  least  once  an  hour.  In  the  German  Army 
bhe  allowance  is  495  cubic  feet  (German 
naeasurement,  which  is  nearly  the  same  as 
'-English),  the  superficial  space  being  42  to 
c-5  square  feet. 

^  In  some  of  the  barracks  which  have  been 
iiuilt,  the  lavatory  and  urinals  are  placed  in 
hhe  centre  of  the  building,  near  the  head  of 
hhe  staircase ;  this  is  a  retrograde  step  (&(y 
528).  ^ 

The  three  following  plans  of  barracks  show 
hhe  arrangements  which  have  been  adopted  :  

1st,  When  there  is  a  single  storey,  and  no 
ttaircase  is  required  (fig.  129). 

2«(Z,  When  there  are  two  storeys,  and  a 
ttaircase  must  be  introduced,  as  in  the  cavalry 
Barracks  at  York  (fig.  130).  no-  j^s 

3rd,  When  there  are  not  only  staircases,  °" 
out  the  barracks  must  be  extended  in  one  long  line,  including  many 
mma,  and  when,  therefore,  the  ablution  rooms  cannot  be  put  at  the  ends 

r  ^^"'^  '""^'^  ^®  P^^^®^^  on  the  landings,  as  at  Chelsea  and 

eeaforth  (figs.  131  and  132). 

If  ten  houses  are  thus  formed,  and  arranged  so  as  to  insure  for  each  the 
weatest  amount  of  light  and  air,  the  following  area  will  be  occupied  bv 
laese  houses  alone.    Each  house  (with  walls)  would  measure  about  140 
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feet  Ion"  and  22  broad,  and  the  space  between  tlie  houses  may  be  taken  at 
effeet,  or  twice  the  height  of  the  house.    The  external  houses  would, 
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of  course,  have  clear  spaces  on  both  sides  like  ^.^^^'^^-J^l^^:^^^^ 
occupied  and  unoccupied  space  would  be  very  nearly  U  squaie  jams 


man. 
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This  density  of  population,  although  highly  objectionable  for  a  general 
iiirban  community,  is  permissible  in  well-planned  and  ventilated  barracks 
fSituated  in  the  open  country. 


I 
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Fig.  131. 

As  a  rule,  the  number  of  windows 
weds ;  they  are  on  opposite  sides  of  the 
PBW  inches  of  the  ceiling. 


1=1  §  C 
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Fig.  132. 

is  half  as  many  as  the  number  of 
room,  and  carried  up  to  within  a 
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Non-commissioned  Oncers'  iioows.— Warrant  officers  are  entitled  to  one 
living  room  and  three  bedrooms  on  tlie  higher  scale,  but  only  two  bedrooms 
are  supplied  on  the  lower  scale. 

Married  Non-commissioned  Offlcers  and  ilfen.— There  are  three  classes 
of  married  quarters,  containing  respectively  one,  two,  and  three  bedrooms 
which  are  built  on  three  types,   viz.,   the   "attic,"    "verandah,  and 
"improved  verandah."    In  the  attic  type  the  quarters  are  arranged  m 
houses  generally  four  to  a  house,  and  the  extra  bedrooms  are  provided  m 
the  attics     The  latrine  accommodation  for  ordinary  use  has  to  be  provided 
in  separate  buildings,  one  for  the  married  men  and  one  for  the  women  and 
children     In  the  verandah  type  the  quarters  open  off  verandahs  and  there 
are  no  attics.    The  latrines  for  married  men  are  provided  m  a  separate 
building,  while  those  for  the  women  and  children  are  grouped  m  annexes  at 
the  ends  of  the  verandahs.    In  the  improved  verandah  type  each  quarter 
has  its  own  private  W.C.,  reached  through  a  small  ventilated  lobby  opening 
off  the  scullery.   The  living  rooms  generally  have  the  f oUowing  dimensions : 
—length,  13  feet  9  inches;  breadth,  12  feet  9  inches;  and  height  from 
9  feet  6  inches  to  10  feet.    The  bedrooms  vary  in  length  from  9  to  14 
feet,  in  breadth  from  7  to  10  feet  6  inches,  and  in  height  from  8  to  10  feet 
In  existing  single-room  married  quarters   a   married  non-commissioned 
officer,  without  family,  must  have  a  cubic  space  of,  at  least,  1650  cubic  teet; 
but  if  there  is  one  child  under  five  years,  at  least  1800  cubic  feet,  and  if 
there  are  two  children  under  five  years,  at  least  2000  cubic  feet  must  be 

'''^S7iens.-These  should  not  be  under  the  same  roof  as  the  barrack 
rooms,  but  at  no  greater  distance  than  100  yards,  so  as  to  aUow  the  dimiers 
to  be  brought  hot  to  the  men.  Cooking  is  now  frequently  done  by  steam 
but  ovens  are  used  when  the  rations  are  baked.  The  amount  of  coal  used 
is  generally  about  10  R  per  week  for  every  seven  men.  Two  cook-houses 
are  provided  for  each  regiment.  •      ^  _„f,Tn 

The  guard-house  for  an  infantry  regiment  comprises  the  g^^rd-room 
prisoners'  room,  and  cells.    The  guard-room  is  about  24  feet  long,  18  feet 
wide,  and  14  feet  high,  giving  600  cubic  feet  per  man  off  ^/^j^^J' ^^^^^^^^ 
men.    The  prisoners'  room  opens  off  the  guard-room  f  ^  f  ves  600  cub^ 
feet  each  for  ten  men.    As  there  is  no  '"^^^^^^ 
give  20  square  inches  sectional  area  per  man  and  the  outlet    the  same 
When  the  room  is  warmed  by  a  hot-water  coil  there  is  a  duct  to  brmg 
fresh  air  behind  it ;  the  duct  is  9  inches  by  9  inches,  so  as  to  give  8  square 

The'reirLr  in  number,  are  ranged  on  one  or  both  sides  of  a  comdor 
Thev  are    0  feet  long,  8  wide,  and  10  high  (  =  800  cubic  feet),  with  one 
window  the  sill  being  at  least  7  feet  from  the  floor.    Fresh  air  is  admitted 
Zujh  a  ve^ltor  placed  8  feet  from  the  floor  and  9 -f-^^'oti 
in  size.   A  foul-air  shaft,  9  inches  by  6  inches,  runs  from  ^^e 
Each  cell  is  warmed  by  hot-water  pipes  «"PP  f  ^^^r,,^,f  ^es  w^^^  ai  ! 
passage ;  cold  air  is  admitted  to  the  casing  of  the  hot-water  pipes  by  an 

duct  9  inches  by  6  inches.  .    ^  ry 

""XLr,  Ba,-racks.-ln  many  of  the  older  bavmcks 
to  their  stables,  and  greater  convenience. 
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The  Barrack  Improvement  Commissioners  have,  however,  shown  that  it 
is  impossible  to  ventilate  satisfactorily  a  stable  accommodating  a  large 
number  of  horses  if  anything  beside  the  roof  is  interposed  between  the 
stable  and  the  outer  air,  and  that  it  is  equally  impossible  to  keep  the  air  in 
men's  rooms  over  stables  pure  and  free  from  stable  odour. 

The  barrack  accommodation  for  a  cavalry  regiment  is  based  upon  the 
organisation  of  the  imit,  viz.,  the  squadron.  Each  squadron  has  a  pair  of 
barrack  blocks  arranged  in  the  same  manner  as  the  infantry  company  blocks. 
Barrack  rooms  are  not  to  be  built  over  stables. 

Stabling  is  provided  for  three  service  squadrons  and  one  reserve  squadron, 
490  stalls  for  the  whole  regiment.  There  are  six  half-squadron  blocks,  each 
containing  72  stalls,  but  if  desired  the  72  stalls  may  be  provided  in  two 
troop  blocks  of  36  stalls  each.  The  reserve  squadron  has  34  stalls  for 
remoimts  and  24  stalls  for  the  remainder  of  the  squadron. 

All  stalls  should  have  a  length  of  11  feet  and  a  width  of  5  feet  6  inches, 
and  the  height  must  be  sufficient  to  give  at  least  1500  cubic  feet  per  horse! 
The  central  passage  between  two  rows  of  stalls  should  not  be  less  than 
9  feet  wide,  and  the  passage  in  rear  of  a  single  row  of  stalls  should  not  be 
less  than  7  feet  wide.  The  windows  must  be  arranged  to  give  9  feet  of 
glass  space  for  each  horse  ;  all  stable  windows  must  be  made  to  open.  The 
roof  should  be  provided  with  continuous  ridge  ventilation.  Fresh-air  inlets 
should  be  provided  along  the  eaves,  giving  144  square  inches  per  stall. 

Air-ducts  of  54  square  inches  sectional  area,  with  gratings  inside  and  out, 
should  be  placed  under  the  manger  and  between  the  stalls,  so  as  to  supply  air 
at  a  height  of  about  15  inches  above  the  floor  to  each  horse  when  lyinc^ 
down,  the  external  opening  being  at  least  9  inches  higher  than  the  internal 
one.  In  stables  with  only  one  row  of  stalls,  the  rear  waU  should  have  a 
3-inch  continuous  air-brick  course  12  inches  above  the  floor.  When  rooms 
are  built  over  stables,  foul-air  shafts  must  be  carried  up  above  the  roof  and 
to  increase  the  draught  they  should  either  be  in  connection  with  smoke 
flues  or  provided  with  exhaust  cowls  of  approved  pattern  at  the  top  These 
shafts  should  have  a  sectional  area  of  at  least  18  square  inches  per  horse 
and  should  extract  from  near  the  middle  of  the  length  of  the  stable  when 
possible. 

Inspection  of  Barracks.— The  Regulations  order  the  form  in  which 
reports  on  barracks  shall  be  sent  in.  The  report  should  include  site  con- 
struction, external  ventilation,  internal  ventilation,  basements,  and  admini- 
stration. It  is  then  certain  that  no  point  will  be  overlooked  •  and  if 
nothing  can  be  made  out  after  going  thoroughly  through  aU  the  headings. 
It  may  be  concluded  that  the  cause  of  any  prevailing  sickness  must  be 
sought  elsewhere.  The  site  and  basement  should  be  especially  looked  at  • 
every  ceUar  should  be  entered,  and  the  drainage  thoroughly  investigated' 
Little  can  be  learned  by  merely  walking  through  a  barrack  room,  which 
IS  nearly  sure  to  look  clean,  and  may  present  nothing  obviously  wron^^ 
With  respect  to  ventilation,  the  statements  of  soldiers  can  seldom  be 
trusted ;  they  are  accustomed  to  vitiated  air,  and  do  not  perceive  its  odour 
The  proper  time  to  examine  the  air  of  a  room  is  about  12  to  3  am* 
and  the  medical  ofiicer  might,  with  advantage,  visit  barrack  rooms  betweeil 
midnight  and  3  a.m.  every  now  and  then.  The  cisterns  should  be  retrularlv 
inspected.  ° 

The  walls  and  floors  of  the  rooms  should  be  carefully  looked  to.  Walls 
are  porous,  and  often  become  impregnated  with  organic  matter  If  there  is 
any  suspicion  of  this,  they  should  be  scraped  and  then  well  washed  with 
quickhme     Care  should  be  taken  to  see  that  the  lime  is  really  caustic  • 
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chalk  and  water  does  little  good.  Collections  of  dirt  form  under  the 
floors  sometimes,  and  a  board  might  be  taken  up  to  see  if  this  is  the 


Barracks  in  Forts  and  Citadels.— In  fortified  places  it  is,  of  course,  often 
impossible  to  follow  the  examples  of  good  barracks  just  given.  Citadels 
may  have  little  ground  space;  buildings  must  be  compressed,  guarded  from 
shot  made  with  thick  and  bomb-proof  walls,  with  few  openings.  Buildings 
are  sometimes  underground.  Drainage  is  often  difficult,  or  impossible  ;  and 
if  to  all  these  causes  of  contamination  of  air  we  add  a  deficiency  oi  water, 
which  is  common  enough,  it  will  not  surprise  us  that  the  sickness  and 
mortality  in  forts,  in  even  healthy  localities,  are  greater  than  should  be 
the  case  Both  at  Malta  and  Gibraltar  there  was  for  years  too  large  a 
mortality  from  fever,  and  from  the  destructive  lung  diseases,  which  appeared 
in  the  returns  as  phthisis.  The  special  difficulties  of  casemates  are  as 
follows :  dampness,  which  is  very  common  in  all  casemates,  so  that  the 
moisture  often  stands  in  drops  on  the  walls;  a  low  temperature;  a  want 
of  ventilation;  and  a  Avant  of  Hght.  .  u  w^r,.. 

How  these  difficulties  are  to  be  met  is  one  of  the  most  difficult  problems 
the  military  engineer  has  before  him.  Special  means  of  ventilation  must 
be  provided  when  the  defences  close  the  usual  openings;  tubes  must  be 
carried  up,  and,  if  necessarily  winding,  an  enlarged  area  might,  perhaps, 

mtt  t  S  also,  that  it  is  quite  certain  that  in  our  ^ort^^^^^e^ 
many  of  the  arrangements  are  much  worse  than  they  need  be,  and  that  the 
3ry  rules  deducible  from  home  experience  should  be  apphed  m  every 
case  when  the  defensive  properties  are  not  interfered  with 

Barracks  in  Hot  Climates.-The  Indian  Sanitary  Commission  have 
prepared  standard  plans  suitable  for  different  localities  m  India,  and  while 
the  detailed  design  is  left  to  local  officers,  certain  general  prmciples  aie 

^'"?t''wm  betSable  to  refer  here  chiefly  to  the  Indian  barracks,  but  the 

7^      — the  f  onowii^  -^z^!^ 

and  cubic  space  for  European  and  native  troops  m  India.    In  the  plaim 
Cerficil  space,  90  feet    cubic  space,  1800  feet;  height  of  ^'oom,  20  feet . 
wTth^Ti  feet.    The  barracks  to  be  two-storeyed,  with  a  verandah  10  f^^^^^ 
"ide   nor  more  than  twenty-four  men  to  be  P  aced  in  one  -om.  ^^^^ 
60  square  feet,  and  600  cubic  feet  per  man  ;  height  of  room,  10  feet,  y.iam, 

Th'e  number  of  men  to  be  placed  under  one  roof  is  fixed  at  40  or  50  (half^ 
company  barracks),  ^^^^^l^^^f^^^^^^^ 

of  the  Eoyal  Indian  Sanitary  Comm^sion  At  erf  f  ™  ,  y,,,,  it 
Z  Utteen  v.  and  the 

TSwe.  storey  in  the  plains  was  intended  to  be  used  as  a  day-room, 
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l)ut  this  has  not  been  found  practicable,  and  both  floors  are  now  used  as 
ilormitories. 

The  married  people's  quarters  are  to  be  grouped  in  small  one-storeyed 
lilocks,  each  block  holding  the  married  people  of  a  company  or  troop.  Two 
rooms  (16  feet  x  14  feet  and  14  feet  x  10  feet)  are  provided  for  each  family ; 
verandahs,  12  and  10  feet  wide,  are  provided. 

In  all  these  arrangements  it  will  be  perceived  that  the  essential  principles 
of  the  home  barracks  are  preserved ;  long,  thin,  narrow  lines  of  buildings, 
with  thorough  cross  ventilation,  with  the  sleeping  rooms  raised,  well  off"  the 
ground,  would  certainly  appear  to  be  as  good  an  arrangement  as  could  be 
devised.    A  few  more  remarks  on  some  of  the  points  have  to  be  made. 

1.  Size  of  Houses. — If  there  be  no  strong  military  reasons  to  the  con- 
trary, it  seems  certain  that  it  is  even  more  important  in  India  than  in 
England  to  spread  the  men  over  the  widest  available  area,  and  not  to 
place  more  than  fifty  men  in  a  single  block,  and  twenty-five  men  in  a 
single  room;  and  therefore  the  proposed  plan  is  most  desirable.  There 
has  been  an  objection  raised,  that  small  detached  houses  in  the  hot  plains 
of  India,  not  having  any  large  space  in  shadow,  get  everywhere  heated  by 
the  sun's  rays,  and  become  very  hot.  The  objection  is  theoretical ;  it  is 
the  immense  blocks  of  masonry  used  in  the  construction  of  large  buildings 
^vhich  are  to  be  avoided  as  much  as  possible,  since,  once  heated,  they  take 
hours  to  cool. 

2.  Airangement  of  Houses. — Broadside  on  to  the  prevalent  wind,  and 
disposition  en  echelon,  as  now  adopted  in  India,  is  obviously  the  proper  plan. 
The  only  exception  will  be  when  there  are  marsh  or  gully  winds  to  be  avoided  j 
and  then  the  houses  should  be  placed  end-on  to  the  deleterious  wind ;  and 
no  windows  should  open  on  that  side.    But  such  a  site  would  seldom  be 

-selected  or  retained. 

If  a  barrack  is  built  on  a  slope,  and  the  ground  is  terraced,  the  Army 
-Sanitary  Committee  have  recommended  that  the  barrack  should  be  placed 

i  nd-on  to  the  side  of  the  hill,  and  not  nearer  the  slope  than  20  .to  30  feet : 

terracing  shoidd  be  avoided  as  much  as  possible. 

3.  Breadth  of  Houses.— As  in  England,  it  is  important  to  have  only  two. 
rows  of  beds  in  each  room,  and  to  keep  the  houses  under  30  feet  in  width, 
so  as  to  permit  effective  perflation.  A  single  verandah  is  as  good  as  a  double 
one  m  keeping  off"  the  direct  rays  of  the  sun  from  the  waUs  of  a  house,  and 
t  wo  verandahs  (one  inner  and  one  outer)  add  to  the  breadth  to  be  ventilated. 
The  width  of  the  verandahs  must  be  10  to  12  feet;  and  on  the  southern 
and  western  sides  wooden  jalousies  may  have  to  be  placed  so  as  to  occupy  3 
or  4  feet  at  the  upper  part  of  the  verandah. 

Verandahs  should  be  ventilated  by  openings  at  the  highest  part,  so  as  to 
liave  a  free  movement  of  air  through  them ;  this  is  very  important.  If  there 
are  two  storeys, -the  roof  of  the  upper  verandah  should  be  double. 

Materials  of  Building. — On  this  point  there  is  little  choice,  for  the 
iisk  of  fire  renders  the  use  of  wood  undesirable  for  waUs  and  roofs. 
And  yet  apart  from  this  risk,  loosely  joined  wood,  or  frames  of  bamboo,' 
have  the  great  advantage  of  allowing  air  to  pass  through  the  walls.  Brick 
or  stone  has  therefore  to  be  used.  In  India,  sun-dried  brick  ikacM) 
i  overed  with  cement,  or  faced  with  burnt  brick,  is  often  used.  It  is  said  to 
Ije  a  cooler  material  than  burnt  brick  {palcka),  but  it  absorbs  a  great  deal  of 
moisture. 

Iron  barracks  were  sent  out  from  England  during  the  mutiny,  but  were 
iiot,  and  were  not  found  suitable  :  iron  frames  have  been  usefully  employed 
the  intervals  being  filled  up  with  unburnt  bricks.    There  is,  however  a 
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very  general  feeling  against  the  use  of  unburnt  bricks  on  account  of  the  • 
moisture  they  absorb  and  retain.    The  concrete  walls  now  coming  so 
much  into  use  in  England  are  particularly  adapted  for  India,  and  have 
been  used  there  for  private  residences ;  they  are  cheap  and  dry,  and  well 

^^""^olsLciion  of  the  Building. three  points  to  be  aimed  at  are-avoid- 
ance of  malaria  and  dampness  of  the  ground,  should  there  be  any  risk  ot  this ; 
insuring  of  coolness ;  provision  of  ventilation. 

(a)  Employment  of  Open  Arches  for  the  Basement. extraordinary 
diminution  in  the  risk  of  malaria  by  elevating  the  building  only  a  few  feet 
above  the  ground,  and  aUowing  a  current  of  air  to  freely  circulate  under  the 
house,  is  illustrated  by  universal  experience.  But  another  great  benefit  is 
obtained  ;  dryness  and  freedom  from  pent-up,  stagnant,  and  often  offensive 
masses  of  air  are  insured,  so  that,  even  when  the  soil  is  not  distinctly 
malarious,  buildings  should  be  raised.  In  malarious  countries  the  height  ot 
the  lowesl  floor  above  the  ground  should  be  8  or  10  feet ;  m  non-malarious 
districts  3  or  4  feet  are  sufficient,  but  it  should  always  be  high  enough  to 

allow  cleaning.  ,       _        ,       ,        ,  t^^ 

(b)  Walls— Vevj  thick  brick  walls  do  not  conduce  to  coolness,  for  it 
thoroughly  heated  during  the  day,  they  are  liable  to  give  out  heat  aU  night. 
The  direct  rays  of  the  sun  should  not  be  allowed  to  faU  on  any  part  of  the  mam 
wall    This  will  be  found  one  of  the  most  important  rules  for  msurmg  coohiess 
Double  main  waUs,  with  an  air  space  between  and  free  openings  above  and 
below  so  as  to  permit  of  a  constant  movement  of  air,  is  the  coolest  plan 
known.    Considering  the  excellent  ventilation  that  goes  on  m  bamboo  and 
wooden  houses,  it  may  be  a  question  whether,  in  the  warm  parts  of  India  the 
TaUs  might  not  be  made,  as  far  as  possible,  permeable    at  any  rate  above 
the  heads  of  the  men.    Whitening  the  outside  walls  reflects  the  heat,  bu 
-is  dazzling  to  the  eyes  ;  almost  as  good  reflection  and  much  less  df^^lmg,  is 
Obtained  by  using  a  slight  amount  of  yellow  or  light  blue  colour  m  the-cement 

^^(^^ Moors —The  materials  at  present  used  are  flagstones  (in  Bengal),  slates 
/in  some  barracks  in  the  Punjab),  greenstone  (in  some  Madras  tocks) 
tiles,  bricks  placed  on  end  and  covered  with  concrete,  pounded  brick  and 
1  me  beaten  into  a  solid  concrete  and  plastered  with  hme,  broken  nodulated 
limestone  or  kankar  (in  places  where  the  masses  of  kankar  are  found  as  m 
Sal)  asphalt,  pitch  and  sand,  wood.  Of  these  various  materials,  the 
rsphdt'..ets  sof  ,  and  is  objectionable;  the  cements  and  kankar^^^ar  into 
hoC  produce  dust,  and  have  been  supposed  to  cause  ophthalmia  (Chevers) 
vN^ood  is  liable  to  attacks  of  white  ants,  &c. 

On  the  whole  it  would  seem  that  good  wood  (if  there  be  a  space  be  ow 
the  barracks  thoroughly  ventHated)  with  brick  supports  is  the  best,  and  after 

^^''(T Roofs -DonUe  roofs  of  well-burnt  tiles  are  now  usually  employee^ 
and^atS  slanting,  and  not  terraced.    Tl.e  f-^^^^^^^^^^^ 

P  with  battens  on  the  jo  sts  covered  with  kankar),  conduct  heat  too  ireeiy, 
ind  cTS  du"S  the  iJweather ;  but  if  made  double,  .^^^^^^ 
of  air,  there  is  an  advantage  in  givmg  a  promenade  to  ^^^^^^^^^ 
some  seasons  of  the  year,  the  roof  may  be  ^^^'f-^flfZXs^^^^ 
sleeping-place;  they  are  apt  to  leak,  however,  and  are  always  a  source 

trouble  on  this  account.  i.-i„f,-„,-,     t1ip  molest  roof  is 

The  slonin"  roofs  are  better  adapted  for  ventilation,    ihe  coolest  rooi 
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roofs,  and  if  there  are  sufficient  openings  to  permit  a  good  current  of  air,  two- 
tile  roofs  are  as  cool  as  any. 

(e)  Doors  and  Windotus.—ThQSQ  are  now  always  made  very  numerous 
and  opposite  each  other,  so  as  to  permit  perfect  perflation.    The  official 
buggeshons  order  one  window  for  every  two  beds.    Five  doors  are  recom- 
mended for  each  room  of  twenty-five  men;  and  Norman  Chevers  gives  a 
good  rule,  a  light  placed  in  the  centre  at  night  should  be  seen  on  all  sides 
Upper  as  well  as  lower  windows— a  clerestory,  in  fact— are  useful;  the 
lower  windows  should  then  open  to  the  ground.    In  most  of  the  stations  in 
ortiiern  India  the  windows  must  be  glazed. 
The  Committee  appointed  to  carry  out  the  suggestions  of  the  Indian 
bamtary  Commission  have  recommended  that  each  window  should  consist 
ot  two  parts— the  upper  portion,  about  2  feet  in  depth,  being  hinged  on  its- 
lower  edge  to  faU  inwards,  so  as  to  direct  the  currents  of  air  towards  the 
ceiling  01  the  room. 

Abluiioji  Rooms.— In  India  every  private  house,  and  almost  every  room 
in  a  house  belongmg  to  a  European,  has  its  bath-room.   Not  only  the  luxurv 
but  the  benefit  of  this  arrangement  is  so  great,  that  bath-rooms  should  be 
considered  essential  to  every  barrack.    For  the  usual  purposes  of  ablution 

he  plan  now  used  on  home  service  is  the  best ;  but  it  is  in  almost  everv 
I  w't  .'r!^?^  1  plunge-bath.   The  supply  of  water  is  in  most  cases 

almost  unhmited.  In  order  that  this  may  be  efficiently  given,  the  old  plan 
uf  carrymg  water  by  hand  must  be  given  up  ;  water  in  large  quantity  musfc 
be  laid  on  in  pipes,  and  cisterns  should  feed  the  ablution  rooms  and  supply 
water  for  the  urinals.    So  essential  must  baths  be  considered  for  health 

hat  a  large  supply  of  water  should  be  considered  a  necessary  condition  in 
the  choice  of  site.  The  disposal  of  the  water  after  use  is  a  question  for  the. 
3ngmeerj  but  it  must  not  be  permitted  to  soak  into  the  ground  near  the 
barracks  ;  it  might  seem  superfluous  to  notice  this,  if  the  custom  of  allowing 
^oL  stations      '  ^^'^       prevaHed  formerly  at 

mt^Tti'^1;";^^' ff*'""  of  excrement  disposal  generaUy  adopted  through- 
mt  India  is  the  '  dry  earth"  system.  The  latrines  are  well  kept  and 
;heir  contents  regularly  removed.  The  system  answers  well  in  barracks 
.ut  great  care  is  required  to  see  that  the  contents  are  disposed  of  properly' 
ron  receptacles  generally  receive  the  urine;  these  are  frequently  tarred  and 
■aTttiot  1  f  t'rJ-    ^'^^^^  ^^^^P'^^^^^  emptied'^into  closed 

vatching,  otherwise  they  are  apt  to  deposit  the  contents  of  their  carts  on 
he  surface  of  the- ground_  m  place  of  in  trenches.  The  earth  supplied  for 
iie  purpose  of  deodorisation  must  be  clean  and  absorbent.  Sand  is  of  little 
'«e  lor  tnis  purpose. 

Ventflation  of  Tropical  and  Sub-tropical  Barracks.-If  barracks  are  not 
av  be'^lS  P^«P!^  V''^'       ^^^^  principles  of  ventilation 

S  1  ^Fi  I  ^u*^""",  ^"""^^^^  The  perflation  of  the 

nd  should  be  obtained  as  freely  as  possible.    The  numerous  doors  and 

onl7  :«  fT"''  T'^f.?  ^^i^ecessary  to  provide  special  inlets;  outlets- 
tioulcl  as  at  home,  be  at  the  top  of  the  room,  either  along  the  rid^e  or  if 
shafts,  they  should  be  carried  up  some  distance;  if  they  are  ^e  of 
lasonry,  and  painted  black,  the  sun's  rays  will  cause  a  good  up-Tuirent 
ne  area  of  the  shafts  is  ordered  to  be  1  square  inch  to  every  15  or  20  cubic 
^^et,  with  louvres  above  and  inverted  louvres  below.    In  the  lower  rooms 

3  Q 
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T  ,.ovf=  nf  TnfUa.  however,  at  particular  times  of  the  year,  the  air 

•    ^l^^ZJ  ^^t£l^t'    n  s'Ich  stations  artificial  ventilation  must  be 

f  1?  nnd  the  fT^^^^^  of  air  offers  greater  advantages  than  the 
•employed,  and  the  torcm  Oesaguliers  was  introduced  into  India 

rnethod  by  aspiration.    The  w^  ^^^^       « Thermantidote," 

rSl/S^^^^^^  houses  and  hospitals     The  great  advantage 

of  it  irthat  the  air  is  put  not  only  in  motion  but  can  be  cooled  by 

""'Setmmon  punkah  is  a  ventilator,  as  it  displaces  masses  of  air;  tlie 
wavls  pass  Tar  biyond  the  building,  and  are  replaced  by  fresh-air  waves 

vStion  in  most  parts  of  India  must  be  combined  with  plans  for 

^y,  i.e.,  when  the  relative  humidity  is 

^-^^^^  ^^^^^^ 
A  drop  of  water  i^^. -P*^^^^^^  ll^^li'l 

?eet  of  air  1°  F. ;  or,  to  put  it  in  another  way,  the  evaporation  of  1  gallon 

temperature^^^  air  is  stagnant  cooling  is  less  easy.    In  India  it  is  often 

tWn  we.  ^        J- J- 

are  suspended  in  a  short  diseharge-tube,  or      Pl"-""!  ^ 
^''"tfBi?S-0^fT£       ~S't&ts,  both  in  peace  and 
.ar^^i"xte°ded  in  several      '^e  Enrop„       In  P-e, 

:r;oV::dTrs,l?S  t^-^  ~  -  proteeted  .0. 
*°&rWaeed  en  lAelon.  so  as  to  receive  the  Ml  advantage  of 
'"ventilation  is  effected  by  openings  in  the  ridge,  or  outlet  shafts  may  be 
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used,  passing  through  the  roof  and  terminating  in  louvres,  and  inlets  under 
the  eaves. 

Warming  may  be  effected  by  the  use  of  stoves  or  an  open  grate.  The 
latter  is  preferable,  as  it  assists  in  ventilation.  The  construction  of  huts 
depends  on  whether  they  are  used  for  temporary  purposes  or  whether  they 
are  intended  to  be  of  a  more  or  less  permanent  character.  In  the  latter  case 
the  sides  are  usually  built  of  brick. 

In  the  German  Army  the  Docker  huts  are  largely  used,  and  are  said  to 
answer  weU.  They  have  recently  been  favourably  reported  on  in  this 
country.  They  are  made  of  wooden  or  iron  frames,  covered  with  a  special 
kind  ot  felt,  lined  with  canvas.  They  are  very  portable,  and  the  fastenings 
are  so  arranged  that  they  can  be  put  together  in  a  very  short  time.  These 
Huts  are  well  ventilated  by  windows,  cross  louvres,  and  ridge  ventilation, 
and  can  be  easily  warmed,  if  this  is  desired. 

Lord  Wolseley  recommends  that  temporary  huts  on  service  should  be 
constructed  to  hold  twenty-eight  men,  and  be  of  the  foUowing  proportions  : 
il7  ^'  32  feet  J  breadth,  16  feet;  height  to  eaves,  6  feet;  height  to  ridge, 
ib  feet.  The  cubic  space  should  be  400  cubic  feet  per  man.  Two  such 
iiuts  are  placed  end  to  end  with  one  chimney  between  them. 


[  A 

Fig.  133. 

Tn  S?"*"*  """^J  fi!  ^^'i^^f  ^^It  o^  tarred  caHco,  secured  by  strips  of  wood. 

nails.    This  wiU  aUow  the  boards  to  be  taken  up,  if  necessary,  and  the  space 

T"^-  ■  '         «f  tl^«  earth  may 

firp?  wJl  "^'^^^^^^a^y  and  replaced  by  clean  gravel.  Ashes  from  woodei 
hres,  well  rammed  down,  make  an  exceUent  floor. 

Trenches  should  be  carried  round  huts  as  in  the  case  of  tents. 

-tig.  133  shows  a  plan  much  used  by  the  Germans  in  1870-71  for 
temporary  sheds ;_  the  crossing  of  the  rafters  permits  thorough  roof  venti- 
lation, and  the  raising  from  the  ground  where  practicable  is  very  important 

TndkThnTr't  ^'^r''  E^P^^tion,  on  the  north-east  frontier  of 

ndia,  also  at  Suakim,  and  made  excellent  huts.    In  the  Nile  Expedition 

Thr-  S  °'  "Tf ^"^^^  Sreat  protection  f rot?he  2! 
ihe    Berthon  "  huts  are  portable  and  circular  structures  made  on  the 
ame  principle  as  the  collapsible  Berthon  boats,  with  timbers  raTat  ng  from 
an  apex,  and  which  extend  two  plies  of  waterproof  canvas.    The  hut  walS 
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are  composed  of  two  thicknesses  of  board,  with  glass  windows  in  each 
segment  The  floor  is  made  in  segments  of  board,  stained  and  thickly 
vaSed.  The  ventilation  in  them  is  good,  as  fresh  air  enters  between  the 
dlble  sides  and  passing  upwards  between  the  two  skins  of  the  roof  escapes 
iT^tSMo:\t  the  apex/  These  huts  can  be  heated  in  the -inter  by  a 
stove  placed  in  the  centre  with  a  stove-pipe  projectmg  through  the  apex 
nowhere  touching  any  wood  or  canvas.  In  extreme  climates,  additional 
wannth  can  be  obtained  by  means  of  additional  felt  inner  hnings.  As  these 
JXcan  be  readily  taken  down  and  removed,  their  employment  on  service, 
psneciallv  for  hospital  use,  presents  many  advantages. 

^  Tents  -A  good  tent  should  be  light,  so  that  it  may  be  easily  transported, 
readily  and  firmly  pitched,  and  easily  taken  down.    It  should  completely 
nrotect  from  weather,  be  well  ventilated,  and  durable. 
^    It  is  perfectly  eas;  to  devise  a  tent  with  some  of  these  characteristics, 
but  not  to  combine  them  all. 

The  tents  used  in  our  army  are  as  follows :—  „  .  . 
The  Circular  or  Bell  Tent.-The  latest  patterns  of  circular  single  tents 
are  Mark  III.,  Mark  IV.,  and  Mark  V.  These  tents  are  mte'ided  o 
accommodate  fifteen  soldiers  or  four  patients.  They  -e  made  of  duck,  a  e 
provided  with  6-inch  eaves  to  carry  off  water  clear  .  t^«  J^^^^^^ 
Lee  ventilators  covered  with  bibs.  Mark  III  ^e^f «  ^^^^^^ 
internal  capacity  of  623  cubic  feet,  and  its  diameter  s  feet.  Mark  i^^^^ 
weighs  Ui  ft,  has  an  internal  capacity  of  672  cubic  feet,  and  its  diameter 
S  ill  feet*  The  height  of  the  waUs  of  both  patterns  is  2  feet  2  mche., 
and  fhe  pole  suitable  for  both  patterns  is  9  feet 

wei-hs  m  ft,  but  in  other  respects  is  similar  to  Mark  |,^\^f,^ '^^^^ 

"  th  their'fee't  towards  the  pole,  their  heads  to  the  ^^^^^^^^f ' 
men  the  men's  shoulders  touch.  Formerly,  there  was  no  attempt  at  venti  a 
Uon ;  but  afterwards  a  few  holes  were  made  m  the  canvas  ^^^J  the  po  e 
Ventilation,  however,  is  most  imperfect,  as  the  ^^^^^^  ^^/J.^^^.X^^^ 
movement  of  the  air  is  almost  imperceptib  e.  There  is  little  ^entilatio 
Trough  the  canvas,  and  none  at  all  when  it  is  wet  witli  dew.    The  new 

rircular  tent  is  somewhat  improved  as  regards  ventilation. 

The  Hospital  Marquee.-L  improved  hospital  marquee  was  ^ued  m 

lRfi6     It  is  in  principle  the  same  as  the  old  marquee,  but  w  th  1^?^°^^ 

ventUation     TlS  tent  is  two-poled,  with  double  canvas.    I  is  made  of  a 

[owe^rlost  quadrangular  part,  and  an  upper  pa^^^ 

the  straight  portion  to  the  ridge.    Length,  30  ^ ^^t '  ^^^l  culic 

of  sides,  5  feet ;  height  to  ridge,  15  feet ;  area  about  385  square  , 

space,  3336  cubic  feet.  ,  T\\&r&  are 

P  i;  is  intended  for  sick,  and  can  acoommodate  eigM  men  ^ 

the  ground,  and  this  weighs  145  ft.  ,,,„Hlition  •  but  there  should 

It  is  a  good  tent  when  care  is  taken  ^/th  ven  ilat  on  ,  but  t 
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Circular  Tents. — Two  double  circular  tents,  with  higher  walls  and  without 
lining,  weighing  about  75  Bo  and  85  lb,  have  been  approved  of  for  hospital 
purposes,  into  which  four  sick  or  wounded  men  are  placed.  These  form 
part  of  the  new  field  equipment.  Five  such  tents  accommodate  twenty 
men  well,  whereas  the  marquee  of  the  same  weight  only  serves  for  eight, 
unless  unduly  crowded. 

Operating  Tent. — This  tent  is  rectangular  in  shape  and  has  a  doorway  at 
each  end.  It  is  fitted  with  six  ventilators  of  the  ordinary  type,  and  also 
with  a  large  ventilator  on  each  side  to  give  extra  light  and  air.  The  wall  is 
permanently  attached  to  the  tent.  The  poles  used  with  it  consist  of  two 
upright  poles  and  one  ridge  pole,  each  made  in  two  pieces.  The  dimensions 
of  the  tent  are  as  follows  : — length,  20  feet ;  width,  14  feet ;  height,  9  feet 
4  inches ;  height  of  wall,  3  feet.  The  tent  alone  weighs  116  Bb,  and  with 
poles  and  appurtenances  complete,  about  181  11). 

Shelter  Tent. — There  is  no  official  shelter  tent  for  the  English  Army  on 
home  service,  but  one  was  formerly  issued  for  service  at  the  Cape,  and  one 
is  still  occasionally  issued  on  campaigns,  weighing  11  lb,  for  two  or  three 
men.  Each  man  at  the  Cape  carried  a  canvas  sheet,  made  up  of  a  quad- 
rangular (5  feet  9  inches  x  5  feet  3  inches)  and  of  a  triangular  piece  (2  feet 
8  inches  height  of  triangle  x  5  feet  3  inches  base).  Buttons  and  button- 
holes were  sewn  along  three  sides,  and  a  stick  (4  feet  long,  and  divided  in 
the  middle)  and  three  tent  pegs  and  rope  also  were  provided.  Two  or  four 
of  these  sheets  could  be  put  together,  the  triangles  forming  the  end  flaps. 
A  very  roomy  and  comfortable  shelter  tent,  4  feet  in  height,  was  formed, 
which  would,  with  a  little  crowding,  accommodate  six  men,  so  that  two 
sheets  could  go  on  the  gromid.  The  objection  to  this  tent  was  its  weight, 
viz.,  6  tt)  14  oz.  per  man.  Lord  Wolseley  condemns  the  shelter  tent  as  too 
heavy  and  not  fulfilling  its  purpose.  If  a  thinner  material  could  be  obtained, 
and  if  the  size  could  be  a  little  lessened  in  all  directions,  it  would  be  a  very 
good  tent.  A  plan  for  making  a  shelter  tent  with  blankets  is  given  in  the 
Instructions  for  Encampments,  1895,  plate  xviii. 

The  tents  in  use  by  the  Indian  Army  are  as  follows  : — 

British  Privates.— With,  two  poles  and  ridge,  double  fly.  Length,  20  feet  ; 
breadth,  16  feet;  height  of  walls,  5  feet  6  inches  ;  height  to  ridge  poles,  10 
feet  6  inches.  Cubic  space,  2373  cubic  feet.  This  tent  is  used  for  inland 
service,  and  accommodates  1 6  healthy  men  or  8  sick. 

Mountain  Service. — With  two  poles  and  ridge.  Length,  12  feet ;  breadth, 
8  feet;  height  of  walls,  10  inches ;  height  to  ridge  poles,  8  feet.  Cubic  space, 
544  cubic  feet.  This  tent  is  used  for  field  hospitals  to  accommodate  4 
sick. 

General  Service. — With  three  poles  and  ridge.  Weight,  160  lb ;  length, 
14  feet;  breadth,  14  feet;  height  of  walls,  I  foot;  height  to  ridge  pole,  7 
feet.  Cubic  space,  686  cubic  feet.  This  tent  is  used  for  field  service,  and 
accommodates  16  British  or  20  native  soldiers,  or  25  followers. 

General  Service  (small). —With  two  poles  and  ridge.  Weight,  80  R; 
length,  8  feet;  breadth,  14  feet;  height  of  walls,  1  foot;  height  to  ridge 
pole,  7  feet.  Cubic  space,  392  cubic  feet.  This  tent  is  used  for  field  service, 
and  accommodates  8  British  or  10  native  soldiers,  or  12  followers. 

French  Tents. — In  the  French  Army  two  chief  kinds  of  soldiers'  tents 
have  been  used. 

1.  The  tente-abri,  or  shelter  tent  of  hempen  canvas,  which  was  intended 
for  three  or  four  men.  This  is  now  given  up,  on  account  of  its  weight, 
except  in  campaigns  beyond  the  confines  of  Europe. 

2.  Tente  de  Troupe,  or  Tente  Taconnet. — This  is  a  two-poled  tent,  with  a 
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connecting  ridge  pole ;  for  sixteen  men.    It  is  considered  cumbersome  and 
unstable,  and  is  now  abandoned. 

3.  Two  conical  tents  are  now  used,  like  the  Enghsh  bell  tent;  one  (tente 
conique,  also  tente  turque,  or  d  marabout)  a  cone,  and  the  other  having  an 
uprio-ht  wall  16  inches  high,  and  then  being  conical  above  {tente  conique  et 
d  murailles).  This  last  tent  is  ventilated  at  the  top  ;  a  galvanised  iron  ring, 
12  inches  in  diameter,  receives  the  canvas,  which  is  sewed  round  it.  An 
opening  is  thus  left  of  113  square  inches,  which  can  be  closed  by  a  wooden 
top  wluch  rests  on  the  top  of  the  pole,  and  is  buckled  to  the  ring.  Each 
tent  holds  sixteen  men.  The  teiite  conique  is  the  one  now  chiefly  used.  Its 
weight  is  129  tt),  and  its  capacity  1059  cubic  feet.  SmaU  tents,  called  tentes 
de  %iarche,  are  now  issued  to  officers,  who  formerly  provided  their  own 

various  forms.  .    .  ,  j 

French  Hospital  Tent— This  is  constructed  on  Toilet  s  prmciple  and  con- 
sists of  a  metal  frame  with  a  double  envelope,  the  outer  casing  being  of 
linen,  the  inner  of  cotton.  The  framework  is  in  seven  pieces,  and  tortoise- 
shaped.  It  measures  15  metres  in  length,  is  5  metres  broad  and  5  metres 
high  in  highest  part.  It  afl:'ords  a  cubic  space  of  200  cubic  metres,  which 
for  16  beds  gives  about  12  cubic  metres  for  each  sick  person. 

A  small  tent  on  Toilet's  principle  has  been  adapted  in  France  for  opera- 
tions. In  this  model,  solidity  has  been  too  much  sacrificed  in  order  to 
obtain  a  light  tent.  The  Tortoise  tent,  which  has  been  used  to  replace  the 
small  Toilet  tent,  is  carried  on  an  ordinary  ambulance  waggon.  On  the 
march  the  tent  is  rolled  up  and  fastened  to  the  sides  of  the  waggon.  \\  hen 
required,  it  is  rapidly  put  up  by  unrolling  the  sides,  which  are  spread  out 
around  the  waggon  and  supported  by  sixteen  poles.  This  tent  can  give 
shelter  to  30  Avounded  men.    It  weighs  90  kilogrammes. 

German  Tent— This  is  a  conical  tent,  with  a  single  pole,  hke  the  beU 
tent  of  the  English  Army  ;  it  is  nearly  15  feet  in  diameter  ;  the  pole  is  12 
feet  high  :  it  holds  fifteen  men,  and  weighs  83  R  avoir.  The  floor  spa<je  is 
12  square  feet,  and  the  cubic  space  70  cubic  feet  per  head. 

In  the  German  Army  bivouac  tents  are  in  use.  The  component  parts  ot  tiie 
tent  poles  and  canvas  are  distributed  among  as  many  men  (two  at  least)  as  are 
meant  to  be  sheltered  by  it.  The  canvas  part,  which  has  the  appearance  ot 
tanned  waterproof  flax,  is  rolled  round  the  soldier's  overcoat,  which  is  strapped 
down  on  the  top  and  sides  of  the  knapsack,  and  in  bad  weather  this  tent 
section  may  be  unroUed  and  worn  as  a  watertight  i^onc/io  by  the  bearer. 

Gerr^ian  Hospital  Ten^.-The  ground  floor  of  the  tent  is  a  rectangle  29^ 
feet  long  and  feet  broad  ;  the  tent  is  13  feet  9  inches  high ;  the  arm  is 
723  square  feet,  and  the  weight  952  ft.  It  is  divided  by  curtains  into  thiee 
parts,  a  central  one  for  the  sick,  and  two  rooms  for  attendants,  utensils  e^c^^ 
The  tents  are  made  with  a  wooden  framework,  and  there  is  a  good  hobd  toi 
ventilation.  Each  tent  could  contain  ten  ^  twelve  beds  but  onlj^  six 
patients  are  placed  in  it.    It  stands  on  an  area  of  53  feet  by  43  ieet 

At  the  chief  dressing  stations,  if  no  suitable  building  can  ^ 
bandaging  tent  is  erected  in  which  to  perform  operations.  Tl  s  is  also 
rectanlukr  in  shape;  length,  13^  feet;  breadth  1  ^  ^  ^  ^^^^ ' /^^^^f  ^' /.^^^^^^^^^^^^ 
It  is  very  simply  constructed,  and  has  a  single  fly  made  entirely  of  water- 

^'°lr5rr..^.-The  infantry  tent  is  quadrangular,  14  feet  square  and  7 
feet  high  to  the  slope ;  there  is  a  centre  pole  and  f^^^,^^™^^^^'';^^;,;^ 
intended  for  fourteen  men,  but  only  tAA;elve  are  usually  P/^-^^f  "^^.^V  ^^f^^^^^^^ 
the  tent  is  a  bench  IJ  foot  broad,  and  covered  with  ^^raw  ma^^^^^^^^^^^ 
sheets  (in  the  summer  camps)  for  sleeping.    A  wooden  rack  round  the  centre 
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pillai'  receives  the  rifles.  The  canvas  can  be  partly  or  entirely  lifted  up. 
The  officers'  tents  have  double  canvas. 

United  States  Aimy. — Four  styles  of  tent  are  issued  : — 

(1)  Conical  (modified  Sibley),  16  feet  5  inches  in  diameter  at  base 
wall,  3  feet;  apex,  10  feet;  floor,  212  square  feet;  air-space,  1450  cubic 
feet;  allowance,  20  infantry  or  17  cavalry;  comfortable  for  camp  or  slow 
march  with  half  that  number. 

(2)  Common  ("  I "  or  modified  "  A  "),  wall,  2  feet ;  base,  8  feet  4  inches 
X  6  feet  10  inches;  ridge,  6  feet  10  inches  from  ground;  floor,  57  square 
feet ;  air-space,  250  cubic  feet ;  allowance,  4  mounted  or  6  foot  men.  Each 
infantry  man  woidd  have  17  inches  to  lie  in. 

(3)  "Wall,  9  feet  square  x  3  feet  9  inches ;  to  ridge,  8  feet  6  inches ; 
floor,  81  feet;  air-space,  500  cubic  feet;  covered  by  fly  or  false  roof. 

(4)  Shelter  tent. 

Hospital  tents  are  larger  wall  tents  (14  feet  x  15  feet  x  4 J  feet  wall,. 
12  feet  to  ridge),  that  may  be  opened  at  each  end  and  thrown  together  in 
extension. 

Munson  has  suggested  a  modification  of  the  hospital  tent  of  the  United 
States  Army.  The  tent  in  appearance  closely  resembles  the  80  5)  tent  used 
by  officers  in  India.  The  outer  fly  is  enlarged  and  raised  upon  a  light  false 
ridge  placed  1  foot  above  the  true  ridge.  The  canvas  comprising  the  top 
of  the  tent,  under  the  outer  fly,  is  "  cut  out  for  a  space  2  feet  wide  on  each 
side  of  the  ridge,  and  running  the  entire  length  of  the  tent  except  1  foot 
front  and  rear.  The  canvas  thus  removed  is  replaced  by  heavy  roj)e 
netting,  having  a  mesh  about  2  inches  square."  The  tent  fly  is  white  in 
colour,  while  the  tent  itself  is  drab.  Six  patients  are  usually  allotted  tO' 
this  tent,  but  more  may  be  safely  placed  in  it  owing  to  the  free  ventilation. 
It  was  found  in  Cuba  that  Munson's  tent  was  from  7°  to  10°  cooler  than 
the  regulation  hospital  tent  and  from  10°  to  18°  cooler  than  the  conical 
wall  tent.  In  cold  weather  the  tent  was  made  as  "  snug  as  the  old  tent  by 
merely  placing  an  ordinary  fly  over  the  true  ridge  and  under  the  large  fly, 
and  pegging  it  down  so  that  the  smaller  fly  rested  against  the  tent  roof  and 
thus  closed  the  large  ventilating  opening." 


Fig.  134. 


Camps. — The  worst  site  for  a  camp  is  clay  soil,  or  a  clay  subsoil  coming 
near  the  surface.  Such  soils  are  retentive  of  water,  and  keep  the  atmos- 
phere over  them  damp.  They  should  therefore,  if  possible,  be  avoided. 
Ground  immediately  at  the  foot  of  a  slope  is  apt  to  be  damp  and  unhealthy, 
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■on  account  of  receiving  water  from  the  higher  levels.  In  tropical  climates, 
localities  exposed  to  winds  blowing  over  low  marshy  ground  are  unsafe  on 
account  of  malarial  fevers ;  for  the  same  reason  elevated  sites  on  the  margin 
of  steep  ravines,  up  which  malaria  may  be  carried  by  air-currents,  are  apt 
to  be  unhealthy,  as  are  also  deep  narrow  valleys  or  gorges  covered  with 
■dense  vegetation. 

Ground  covered  with  rank  vegetation,  especially  in  the  tropics,  is  un- 
healthy, partly  on  account  of  the  amount  of  decaying  matter  in  the  soil, 
partly  because  the  presence  of  such  vegetation  is  in  itself  a  mark  of  the 
presence  of  a  high  subsoil  water  or  of  a  humid  atmosphere.  In  hot 
climates,  the  banks  of  rivers,  especially  if  the  water  is  stagnant,  marsh 
lands,  lands  subject  to  periodical  floodings,  and  especially  if  covered  with 
mixed  salt  and  fresh  water,  are  particularly  unhealthy. 

A  porous  subsoil,  not  encumbered  with  vegetation,  with  a  good  fall  for 
•drainage,  not  receiving  or  retaining  water  from  any  higher  ground,  and  the 
prevailing  winds  not  blowing  over  a  marsh,  wiU  afford  the  best  sites. 

Regulations  have  been  issued  by  the  Quartermaster-General's  Depart- 
ment, and  the  Queen's  Regulations  contain  several  orders  Avhich  will  be  noticed 
hereafter.  The  Barrack  Improvement  Commissioners  also  lay  down  certain 
Tules  which  must  be  attended  to. 

Encampments  are  divided  into  two  kinds— those  of  position,  which  are 
intended  to  stand  for  some  time,  and  incidental  camps.  The  camps  are 
arranged  in  the  same  way  in  peace  and  war,  as  a  means  of  training 
the  men;  but,  of  course,  in  peace  the  war  arrangements  need  not  be 
adhered  to. 

In  the  Regulations  and  Instructions  issued  in  1895  by  the  Quartermaster- 
•General's  Department,  the  following  points  are  laid  down  as  of  import- 
.ance : — 

1.  The  length  of  time  troops  are  to  occupy  the  campmg-ground. 

2.  That  order,  cleanliness,  ventilation,  and  salubrity  are  to  he  ensured. 

3.  That  means  of  passing  freely  through  the  camp  are  essential.  _ 

4.  That  a  straggling  camp  increases  labour  of  fatigue  duties,  and  impedes 
■delivery  of  supplies  and  circulation  of  orders. 

5.  That  the  more  compact  the  camp,  the  easier  it  is  to  defend. 

Troops  are  ordered  to  be  encamped  in  such  a  manner  that  they  can  be 
rapidly  formed  in  a  good  position  for  action.  This  does  not  involve  the 
necessity  of  encamping  on  the  very  position  itself.  Although  purely  strate- 
oical  or  tactical  considerations  are  of  the  first  importance  before  an  enemy, 
yet  sanitary  advantages  must  always  be  allowed  great  weight,  and  will,  in 
most  cases,  govern  the  choice  of  ground  if  military  reasons  permit  Oavalry 
and  infantry  camps  are  directed  to  be  formed  with  such  intervals  between 
their  troops  or  companies  as  circumstances  may  require,  or  the  general  com- 
manding may  direct.    Open  column  is  usually  the  most  extended  order  used. 

In  front  of  an  infantry  camp  is  the  battalion  parade,  the  quarter-guard 
being  in  front  of  all.  Behind  the  men's  tents,  on  the  left  side  are  the 
kitchens,  and  on  a  line  to  the  right  the  tents  of  the  ofticers;  then  come 
the  waggons,  horses,  drivers,  and  batmen;  next  the  ashpit  and  latrmes 
:and  on  the  boundary  line  the  rear-guard.  In  fixed  camps  the  latrines  and 
kitchens  may  be  pitched  elsewhere,  if  found  advisable. 

The  distances  between  different  corps  are,  as  a  rule,  to  be  10  yards. 
Measurements  in  camps  are  made  in  yards  :  5  yards  =  6  paces 

Cavalry  are  encamped  in  columns  of  troops  or  squadrons,  the  horses  being 
picketed  between  every  second  row  of  tents;  5  feet  of  space  is  allowed  to 
«ach  horse. 
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Artillery  encamp  with  the  guns  in  front,  the  waggons  in  two  lines  behind, 
jand  the  horses  and  men  on  the  flanks,  the  men  being  outside,  the  officers' 
ttents  being  in  rear. 

There  are  3,097,600  square  yards  in  a  square  mile,  and  assuming  that 
tthere  are  fifteen  men  to  each  bell  tent,  the  following  table  gives  the  surface 
aaxea  per  tent  for  diff"erent  densities  of  population  per  square  mile  : — 


No.  of  Square  Yards  per  Tent. 


50 
100 
200 
400 
800 
1000 


No.  of  Tents  per  Square  Mile. 


61,953 
30,976 
15,488 
7,744 
3,872 
3,097 


No.  of  Troops  per  Square  Mile  at 
15  Men  per  Tent. 


929,280 
464,640 
232,320 
116,160 
58,080 
46,464 


Assuming  the  strength  as  in  column  one,  and  using  these  measurements, 
tbhe  following  table  gives  the  density  of  population : — 


Strength. 

Square 
Yards. 

Acres. 

Men 
per  Acre. 

Men  per 
Sq.  MQe. 

Infantry  battalion,  full  size,  . 

1011 

21,600 

4-46 

226 

144,640 

minimum. 

1011 

7,800 

1-61 

628 

401,920 

Cavaliy  regiment,  full  size, 

630 

34,000 

7-02 

89 

56,960 

,,             minimum,  . 

630 

15,000 

3-09 

204 

130,560 

Battery,  ...... 

154 

11,200 

2-31 

67 

42,880 

Field  company,  R.E  

182 

7,500 

1-54 

118 

75,520 

Bearer  company,  .... 

66 

8,400 

1-73 

38 

24,320 

Field  hospital,  .... 

145 

11,200 

2-31 

62 

39,680 

The  above  tables  show  that  a  cavalry  regiment  encamped  upon  its 
nmaximum  area  is  nearly  as  densely  populated  as  Liverpool,  which  has  a 
[population  density  of  97-3  persons  to  an  acre;  and  when  occupying  its 
nminimum  space  would  have  as  dense  a  population  as  the  most  crowded  part 
oof  London,  namely  Whitechapel. 


The  compression  of  any  camp  must  depend  on  the  size  of  the  ground 
land  the  nature  of  the  service  on  which  troops  are  employed,  but  these  tables 
blearly  show  that  camps  in  the  most  "open  order,"  as  laid  down  in  regula- 
ttions,  are  densely  populated. 

In  laying  out  a  camp,  tents  should  never  be  arranged  in  double  line ; 
Bshort  single  lines  are  best. 

The  tents  in  line  should  be  separated  from  each  other  by  a  space  at  the 
wrery  least  equal  to  a  diameter  and  a  half  of  the  tent,  and  the  further  the 
liines  can  be  conveniently  placed  from  each  other  the  better. 

The  floor  of  a  tent  should  never  be  excavated,  with  a  view  to  increase  the 
rapace  ;  water  is  apt  to  lodge  in  the  cavity  ;  the  space  is  nearly  always  damp, 
land  the  occupants  are  exposed  to  ground-air  emanations.  Men  should  never 
ibleep  below  the  level  of  the  ground,  but  if  possible  above  it. 

To  prevent  the  subsoil  beneath  the  tent  becoming  saturated  with  filth, 
«ents  should  occasionally  be  shifted  to  fresh  ground  within  the  same  lines, 
BO  as  to  expose  the  vacated  sites  to  sun  and  air.  It  is  well  known  that 
teents  occupying  the  same  ground  for  a  length  of  time  become  unhealthy. 
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The  German  regulations  order  that  the  soil  underneath,  if  not  absolutely 
clean  and  firm,  should  be  dug  out  to  the  depth  of  one  foot  and  replaced  by 
gravel,  coal-dust,  &c,  slightly  watered,  and  covered  by  a  few  boards  until 

Whenever  possible,  the  floors  of  tents  should  be  boarded,  the  boards 
bein<^  loose  so  as  to  be  easily  removed.  If  boards  cannot  be  obtained, 
waterproof  sheets  should  be  used  ;  the  soil  should  be  beaten  down  so  as  to 
render  it  less  permeable ;  the  surface  scraped  from  time  to  time  and  replaced 
by  clean  gravel  or  ashes  from  the  wood  fires.  _ 
1^  If  straw  is  used  for  bedding,  it  is  best  to  make  it  into  mats  of  a  triangular 
shape  and  two  or  three  inches  in  thickness.  These  can  be  taken  up  during 
the  day  and  exposed  to  the  sun  and  air. 

As  there  is  almost  no  ventilation  in  tents,  the  sides  should  be  raised 
durmg  the  day  and  to  leeward  at  night.    The  tent  door  should  never  be 

closed.  .  ,  f 

Camp  latrines  should  be  placed  to  leeward  of  prevailing  winds,  and  as  tar 
removed  from  the  tents  as  is  compatible  with  convenience.  They  should 
be  dug  deep  and  narrow,  and  their  contents  covered  over  every  evening 
with  several  inches  of  fresh  earth.  Care  should  be  taken  not  to  place  them 
near  existing  wells,  nor  to  dig  weUs  near  where  latrines  have  been  placed. 
When  the  latrines  are  filled  within  two  or  three  feet  of  the  surface,  eartli 
should  be  thrown  in  and  well  raised  so  as  to  mark  the  site.  It  is  well  to 
screen  off  the  latrines  with  any  available  material. 

Horses  or  other  animals  should  always  be  placed  to  leeward  ot  tlie 

men's  tents.  .  . , 

All  refuse  material  that  can  be  disposed  of  by  burning  should  be  got  rid 

of  in  that  way.    If  this  cannot  be  done,  it  should  be  removed  daily  to  some 

spot  at  a  safe  distance  from  the  camp.  t.    u  i 

Dead  animals  and  the  debris  from  the  slaughter-houses,  &c.,  should  be 

buried  in  dry  earth  at  sufficient  depth,  and  at  a  distance  to  leeward  ot  the 

'^^^Military  Hospitals.— In  the  construction  of  hospitals,  the  great  points 
to  be  secured  are  :  (1)  purity  of  internal  atmosphere  ;  (2)  abundance  of  pure 
air  and  sunlight  within  the  building ;  (3)  facility  of  administration  and 
discipHne.  The  realisation  of  these  principles  involves  the  selection  ot  a 
healthy  site  for  the  buUding,  simplicity  of  plan  and  construction  a  sutti- 
cient  number  of  wards  properly  placed,  a  certain  arrangement  of  wards, 
proper  ward  proportions,  a  suitable  number  of  offices,  stores,  &c.,  and  easy 
means  of  communication  throughout  the  building.  The  first  of  these  con- 
ditions is  met  by  placing  the  sick  in  detached  buildings,  with  sucli  an 
aspect  as  wiU  afford  the  freest  air  and  the  greatest  light ;  this  is  best 
effected  in  hospitals  built  on  the  paviHon  plan,  m  which  the  sick  can  be 
treated  in  small  detached  and  perfectly  ventilated  buildings,  and  where 
there  is  no  possibility  of  the  air  of  one  ward  passing  into  another. 

The  ventilation  of  wards  in  a  mUitary  hospital  is  on  the  same  plan  as  tor 
barracks,  except  the  dimensions  are  nearly  doubled. 

The  ward  unit  is  the  foundation  of  the  hospital  plan,  and  the  ward  con- 
struction and  proportions  must  be  based  on  the  number  of  cubic  feet  to  be 
aUowed  per  bed.  In  wards  each  man  should  have  at  least  85  square  leec 
of  superficial  space  and  1200  feet  of  cubic  space.  This  is  the  amount 
allowed  by  regulations  at  home,  but,  if  possible,  a  larger  space  should 
be  given.  In  tropical  climates  (exclusive  of  India)  1500  feet  of  cubic  space 
is  allowed  to  each  man,  or  an  amount  as  may  be  speciaUy  authorised  lor  eacn 
command. 
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The  Instructions  for  the  Royal  Engineer  Department,  1897,  state  the  size 
and  construction  of  hospitals  in  the  United  Kingdom. 

At  home  stations  the  total  number  of  beds  required  is  usually  taken  as 
5f  per  cent,  on  the  strength  of  the  garrison,  exclusive  of  officers.  The 
following  is  a  normal  classification  of  the  beds,  viz. — ordinary  large  wards 
(usually  of  22  beds  each),  one  of  which  is  specially  fitted  up  for  pneumonia 
cases,  60  per  cent.,  light  case  wards  (usually  of  28  beds  each)  20  per  cent., 
prisoners'  ward  2  per  cent.,  lunatic  ward  2  per  cent.,  ophthalmic  ward  2  per 
cent.,  itch  ward  2  per  cent.,  detention  ward  (for  observation)  2  per  cent., 
special  case  wards  (of  from  1  to  4  beds  each)  5  per  cent.,  isolation  wards  5 
per  cent.    The  hospital  enclosure  should  be  of  sufficient  area  to  give  1  acre 
per  50  beds.    Within  the  enclosure  the  component  parts  of  the  hospital 
should  be  distributed  in  separate  pavihons,  connecting  corridors  required 
for  administrative  purposes  being  so  arranged  as  to  interfere  as  little  as 
possible  with  the  free  circulation  of  air  between  the  pavilions.    A  single 
pavilion  should  not  contain  more  than  68  beds.    The  long  axis  of  the  ward 
block  should  run  north  and  south,  and  the  minimum  distance  between  the 
blocks  should  be  twice  the  height  from  the  floor  of  the  ground-floor  wards 
to  the  eaves.    Ward  blocks  should  not  be  more  than  two  storeys  in  height. 
One  or  two  small  special  case  wards  should  be  attached  to  each  large  ward, 
except  those  for  light  cases.    The  number  of  beds  in  the  large  wards  is 
fixed  by  considerations  of  economy  in  nursing  and  administration  generally. 
The  limits  may  be  taken  at  20  beds  and  32  beds  respectively.    An  ordinary 
ward  of  22  beds  has  the  following  dimensions,  viz.— length  80  feet,  breadth 
24  feet,  height  14  feet.    For  each  bed  the  minimum  floor  space  is  85  square 
feet  and  cubic  space  1200  feet.    Every  bed  should  be  next  a  window, 
therefore  the  beds  should  be  arranged  as  far  as  possible  in  pairs,  with 
single  beds  only  in  the  corners.    The  waH  space  between  windows  for  each 
pair  of  beds  must  not  be  less  than  9  feet,  and  that  for  a  corner  bed  not  less 
than  4  feet  6  inches.    The  space  for  windows  between  each  pair  of  beds 
should  not  be  less  than  4  feet  6  inches.    The  above  conditions  ^ive  a. 
minimum  total  wall  space  of  6  feet  9  inches  per  bed,  while  the  breadth  and 
floor  space  prescribed  allow  7  feet  1  inch.    There  are  eight  large  inlet  ven- 
tilators, each  with  an  area  of  20  square  inches,  and  six  smaUer  inlets,  each 
with  an  area  of  10  square  inches.    In  addition  to  these  inlets  there  should 
be  a  9-inch  by  3-inch  inlet,  carried  straight  through  the  waU,  under  each 
iDed.   The  outlets  should  consist  of  four  flues  each  9  inches  by  9  inches  (twa 
m  each  end  AvaU),  and  four  ceiling  openings  in  connection  with  ventilating 
gas  pendants.    The  flues  in  the  end  walls  should  have  two  openings,  one 
3  or  4  inches  above  the  floor  level  and  the  other  close  to  the  ceiling,  each 
fitted  with  a  movable  shutter  so  connected  that  when  the  one  openin^r  is 
closed  the  other  must  be  opened.    The  ceiling  openings  of  lower  floor  wards 
:  should  be  situated  between  the  gas  pendants  and  the  side  wall ;  they  should 
be  fiUed  in  with  perforated  zinc,  and  should  open  into  a  sheet-iron  rect- 
:  angular  flue,  6  inches  by  6  inches,  carried  transversely  across  the  ward  and 
'  connected  with  a  vertical  terra-cotta  flue  of  the  same  sectional  area,  built  in 
1  the  side  wall.    Those  of  the  top  floor  wards  should  be  placed  directly  over 
I  the  gas  pendants ;  they  should  be  similarly  filled  in  with  perforated  zinc 
I  fixed  at  the  lower  end  of  a  trumpet-mouthed  sheet-iron  tube  of  9-inch 
■  diameter,  earned  up  through  the  roof  and  finished  on  the  top  with  a  conical 
cap     In  addition  to  the  foregoing  outlet  ventilators,  all  gas  pipes  should  be 
ot  the  ventilating  pattern,  the  exhaust  pipe  being  taken,  in  the  case  of  the 
lower  floor  wards,  inside  the  horizontal  sheet-iron  outlet  flue  as  far  as  the 
J  junction  of  the  latter  with  the  vertical  flue  in  the  side  wall,  and  in  the  case 
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of  the  top  floor  wards  through  the  perforated  zinc,  filHng  m  the  ceiUng  open- 
ing and  up  inside  the  sheet-iron  outlet  tube  to  a  height  of  6  feet  above  the 
ceilincr  level.    The  ward  is  warmed  by  two  ventilating  stoves  of  approved 
pattern.    Windows  are  placed  opposite  each  other  on  both  sides  of  the 
ward ;  narrow  slit  windows  in  the  four  corners  are  desirable  if  they  can  be 
arranged,  and  a  good  end  window  adds  to  the  cheerfulness  of  the  ward. 
The  bottom  of  each  window  should  be  2  feet  6  inches  above  the  floor  Hne, 
and  the  top  as  near  the  ceiling  as  possible,  and  in  no  case  more  than  12 
inches  below  it.    The  pneumonia  ward  containing  22  beds  is  arranged  m 
exactly  the  same  way  as  an  ordinary  ward,  but  in  addition  to  the  two  ven- 
tilating stoves,  provision  is  made  for  warming  this  ward  by  low-pressure  hot 
water.    Wards  for  light  cases  have  the  same  cubic  capacity  as  ordinary 
wards,  but  they  contain  28  beds.    In  these  wards  65  feet  of  superficial  area 
and  900  cubic  feet  is  the  minimum  alloAvance  exclusive  of  recesses.  The 
lavatory,  bath-room,  and  Avater-closets  (with  slop  sink)  are  placed  in  special 
annexes  cut  off  from  the  ward  by  narrow  lobbies  with  windows  on  both 
sides.    The  annex  and  its  lobby  should  be  warmed  independently  of  each 
other  and  of  the  ward.    In  the  case  of  the  large  wards,  two  annexes  are 
provided;  one  containing  the  lavatory  and  bath-room,  and  the  other  the 
water-closets  and  slop-sink.    For  the  small  wards,  a  combination  annex, 
containing  water-closets,  bath,  lavatory,  and  slop-sink,  is  used;  but  it  is 
desirable  to  separate  the  portion  containing  the  water-closets  and  slop-smk 
from  the  remainder,  by  a  brick  wall  from  floor  to  ceiling.  Water-closets 
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Fig.  135, 

should  be  provided  at  the  rate  of  14  per  cent.,  but  no  ward  containing  8 
beds  or  over  should  have  less  than  2  water-closets.  Three  water-closets  are, 
however,  sufficient  for  a  28-bed  light  case  ward.  Ward  blocks  are  usually  ^ 
connected  with  each  other  and  with  the  administrative  block  by  covered 
corridors.  These  should  be  rather  of  the  character  of  light  covered  bridges 
than  of  enclosed  buildings.  At  large  stations  special  Isolation  Hospitals  are 
provided.  The  ward  blocks  for  infectious  cases  should  not  be  more  than 
one  storey  in  height;  they  should  be  well  separated  from  each  other  and 
closed  corridors  should  never  be  provided.  The  floor  and  cubic  space  should 
not  be  less  than  110  square  feet  and  1500  cubic  feet,  respectively,  per  bed. 
In  small  stations,  beds  for  infectious  cases  should  be  arranged  m  at  least 
three  independent  pavilions  of  the  station  hospital  so  as  to  admit  ot  tlie 
separation  of  three  different  infections.  i  -jnro 

The  arrangement  of  water-closets  and  urinals  adopted  m  the  Cambridge 
Hospital  at  Aldershot  is  shown  in  fig.  135, 
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The  following  plans  show  the  general  arrangements  adopted  in  the  con- 
struction of  some  of  the  military  hospitals. 

The  Herbert  Hospital,  Woolwich,  consists  of  four  double  and  three  single 
pavilions  of  two  floors  each,  all  raised  on  basements.  The  administration  is 
in  a  separate  block  in  front.  The  wards  are  warmed  by  two  central  open 
fii-e-places  Avith  descending  flues,  round  which  are  air-passages,  so  that  the 
entering  air  is  warmed.  The  floors  are  iron  beams  filled  in  with  concrete 
and  covered  with  oak  boarding. 

The  Cambridge  Hospital  at  Aldershot  is  much  on  the  same  plan,  but  the 
closets  and  lavatories  are  thrown  out  in  separate  turrets  and  connected  by 
intervening  lobbies  (fig.  136). 

Military  Hospitals  in  India. — The  Indian  Armtj  Regulations  direct  for 
each  sick  man  from  102  to  120  sc[uare  feet  of  superficial  area,  and  from  1630 
cubic  feet  of  space  (in  the  lulls)  to  2400  cubic  feet  (in  the  plains). 


Fig.  136. 


Hospital  Organisation,  &c.— Military  Hospitals  are  classified  as  follows  x. 

I.  In  Districts  and  Commands. 

(a)  General  Hospitals. 
ih)  Station  Hospitals, 
(c)  Lunatic  Hospitals. 

{d)  Hospitals  on  board  sliips  conveying  troops, 
(e)  Hospitals  for  soldiers'  wives  and  children. 

II.  With  an  Army  in  the  Field. 

(a)  General  Hospitals. 
(6)  Hospital  Ships. 

(c)  Hospitals  on  the  Hnes  of  communication. 
id)  Field  Hospitals. 

Subject  to  the  officer  commanding  the  district  or  station,  the  senior 
medical  officer  in  charge  of  a  hospital  commands  all  officers  of  the  Royal 
Army  Medical  Corps,  and  soldiers  of  the  Royal  Army  Medical  Corps, 
attached  to  the  hospital,  as  well  as  all  patients  in  hospital  and  officers  and 
soldiers  of  other  corps  attached  to  the  Royal  Army  Medical  Corps  for  duty. 
He  is  responsible  for  the  discipline  of  the  whole  establishment. 

The  medical  officer  in  charge  of  a  miUtary  hospital  is  directly  responsible 
for  all  the  duties  of  the  hospital ;  he  will  take  care  that  all  the  instruments,, 
medicines,  hospital  equipments,  clothing,  and  stores  held  on  inventory  are  in 
good  condition,  sufficient  according  to  regulation,  and  kept  in  safe  custody  ; 
that  the  supplies  are  of  good  quality,  and  that  the  cooking  and  distribution 
of  the  diets  are  properly  carried  out. 

The  nursing  duties  in  general  and  station  hospitals  are  carried  out  by 
nursing  sisters,  under  the  immediate  supervision  of  the  superintendent  or 
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acting  siiperintendent :  they  receive  orders  and  instructions  relative  to  the 
nursino-  arrangements  from  the  medical  officers.  Nursing  sisters  are  respon- 
sible for  the  personal  cleanliness  of  the  patients  in  their  wards,  and  that  all 
medicines,  diets,  &c.,  are  properly  issued.  They  also  assist  in  training,  as 
hospital  attendants  for  nursing  duties,  the  men  of  the  Royal  Army  Medical 
Corps. 

Field  Organisation. — The  organisation  for  the  medical  service  for  troops 
in  the  field  consists  of  the  following  parts  : — 

1.  To  each  infantry  regiment,  regiment  of  cavalry,  horse  or  field  artillery 
division  of  three  batteries  with  ammunition  columii,  and  to  each  engineer 
company  or  troop,  is  attached  a  medical  officer,  to  afford  such  temporary 
assistance  to  sick  and  wounded  as  may  be  required  on  the  line  of  march,  in 
camp,  and  in  action.  He  will  be  furnished  with  a  corporal  and  a  private  as 
orderly  from  the  regiment,  and  the  trained  bearers  of  the  corps,  in  the  pro- 
portion of  two  men  per  company,  will  be  placed  at  his  disposal  to  render  first 
aid  to  the  sick  or  wounded  soldier. 

2.  To  each  brigade  of  infantry  and  cavalry  is  attached  a  bearer  company, 
consisting  of  three  medical  officers  and  fifty-eight  men  of  the  Royal  Army 
Medical  Corps.  In  action  the  bearer  company  is  divided  into  (1)  two 
stretcher  sections,  each  of  one  sergeant  and  sixteen  privates,  and  under  the 
charge  of  a  captain  or  lieutenant ;  (2)  a  collecting  station,  under  a  sergeant ; 
(3)  the  ambulances  ;  and  (4)  a  dressing  station,  under  a  major,  assisted 
by  another  medical  officer. 

The  collecting  station  will  be  as  close  as  possible  to  the  fighting  line,  and, 
if  possible,  under  shelter.  The  ambulances  rendezvous  here,  and,  as  they 
are  loaded  with  wounded,  move  off  to  the  dressing  station ;  having  deposited 
them,  they  return  at  once  to  the  collecting  station. 

The  dressing  station  is  usually  out  of  range  of  fire.  Any  available  shelter 
may  be  used,  and  there  should  be  a  supply  of  water  at  hand ;  if  no  building 
is  available  a  tent  must  be  pitched.  After  the  wounded  are  dressed,  and 
beef-tea,  stimulants,  &c.,  given,  they  9,re  moved  in  the  ambulances  of  the 
second  line  to  the  field  hospitals.  Each  bearer  company  is  provided  with 
ten  four-horse  ambulance  waggons  (when  wheeled  transport  is  available),  of 
which  four  are  intended  to  ply  between  the  collecting  and  the  dressing 
stations,  and  six  betAveen  the  dressing  station  and  the  field  hospitals. 

3.  To  each  brigade  is  attached  a  field  hospital  of  100  beds,  the  personnel 
consisting  of  four  medical  officers,  one  quartermaster,  and  thirty-five  rank 
and  file  of  the  Royal  Army  Medical  Corps.  This  hospital  is  capable  of 
being  divided  into  two  halves  of  fifty  beds  each.  To  each  infantry  division 
is  attached,  in  addition,  a  field  hospital  in  reserve,  and  an  army  corps  has  a 
field  hospital  as  well  for  corps  details.  A  cavalry  division  consisting  of  two 
brigades  has  the  same  provision  as  a  division  of  infantry,  one  field  hospital 
being  for  corps  details. 

For  an  entire  army  corps  of  35,110  of  all  ranks  there  are  provided  six 
field  hospitals  with  the  six  brigades,  a  field  hospital  with  each  division,  or 
three  in  all,  and  one  other  for  the  corps  details,  giving  altogether  ten 
hospitals,  or  1000  beds  for  35,000  men,  or  about  3  per  cent,  of  hospital 
accommodation  in  the  second  line. 

On  the  line  of  communication  stationary  field  hospitals  and  general  hos- 
pitals are  established  at  as  many  points  as  may  be  considered  necessary.  On 
an  assumed  line  of  100  miles  in  length,  viz.,  50  miles  of  railway  and  50 
miles  of  road,  two  stationary  hospitals  and  two  general  hospitals  woiild  be 
required  for  a  field  force  consisting  of  an  army  corps  with  a  division  of 
cavalry,  and  comprising  in  the  field  and  at  the  base,  and  on  the  line  of  com- 


HOSPITALS. 


991 


munications,  a  grand  total  of  41,815.  There  are  provided  1000  beds  in  the 
field  hospitals,  400  beds  in  the  two  stationary  (100  each),  and  1000  beds 
in  the  two  general  hospitals  (500  each)  on  the  lines  of  communication,  and 
1000  beds  at  the  base — in  all,  3200  beds  for  about  8  per  cent,  of  the  whole 
force. 

Slight  cases  would  be  treated  in  the  field  hospitals,  but  all  cases  likely  to 
be  of  a  serious  nature  should  be  sent  to  the  base.  The  hospitals  in  front 
should  be  kept  empty  as  far  as  possible,  in  order  to  meet  any  emergency  and 
to  enable  them  to  advance  with  the  army  ;  if  encumbered  with  sick  this  is 
impossible. 
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Fig.  137.— Camp  for  Field  Hospital. 

A  field  hospital  is  a  non-dieted  hospital,  i.e.,  one  in  which  no  hospital 
■diets  are  issued,  but  the  sick  have  their  ordinary  field  rations  cooked  for 
them ;  these  are  supplemented  by  such  medical  comforts  as  are  required. 
Beds  or  stretchers  form  no  part  of  the  field  hospital  equipment. 

Stationary  Hospitals  on  the  lines  of  communications  form  the  third 
line  of  medical  assistance.  The  site  for  these  should  be  selected  near  canals 
roads,  or  railways,  for  the  ready  removal  of  the  sick  and  wounded  to  the 
base.  Each  hospital  is  for  100  patients.  If  possible,  these  hospitals  avUI 
be  established  m  buildings  or  wooden  huts  at  any  port  of  embarkation  and  in 
towns,  villages,  and  farm-houses  along  the  lines  of  communication.  These 
hospitals,  if  possible,  will  be  dieted. 
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A  hospital  train  is  also  provided  for  the  conveyance  by  rail  of  132  sick 
(including  four  sick  officers)  in  the  lying-down  position.  The  staff  of  the 
hospital  train  consists  of  three  medical  officers  and  twenty-six  men. 

General  Hospitals  at  the  Base. — These  are  dieted  hospitals  and  are 
fully  equipped.  Nursing  sisters  form  part  of  the  establishment  of  these 
hospitals,  which  are  organised  in  a  manner  similar  to  a  general  hospital  in 
peace. 

The  hospitals  at  the  base  should  never  be  the  ordinary  buildings  of  the 
country  adapted  for  that  purpose.  Such  buildings  have  always  been  found 
unhealthy.  Churches  should  never  be  used,  as  they  are  not  only  cold,  but 
are  subject  to  exhalations  from  graves  in  their  vicinity  and  from  vaults 
placed  beneath  them. 

Experience  teaches  that  the  best  plan  is  to  erect  huts  at  the  base  or 
whenever  hospitals  are  required  for  any  length  of  time.  In  the  war  of  the 
rebellion,  the  American  Army  discontinued  converting  old  buildings  into 
hospitals :  huts  were  erected  capable  of  accommodating  fifty-six  men  with 
two  rows  of  beds ;  the  superficial  area  allowed  per  bed  was  87  square  feet, 
and  the  cubic  space  1200  feet  per  man. 

The  hospital  huts  used  at  Suakim  in  1885  were  of  wood,  the  upper  halves 
of  the  walls  being  movable  or  provided  with  bamboo  chicks  or  matting. 
The  roof  was  of  cork  covered  with  Willesden  waterproof  paper,  and  venti- 
lated by  means  of  metal  coavIs.  Each  hut  accommodated  twelve  men  with 
850  cubic  feet  of  space  per  man.  The  floor  was  raised  16  inches  above  the 
ground.  The  Docker  hut  (already  described)  is  largely  used  in  the  German 
Army,  and  appears  admirably  adapted  for  the  purpose. 

Hospital  Ships. — The  floating  hospital  accommodation  for  an  army  corps 
consists  of  three  depot  ships,  each  capable  of  receiving  200  sick.  There  are 
also  relieving  ships,  capable  of  accommodating  sixty  sick,  employed  for  the 
conveyance  of  those  who  may  be  invalided  to  England;  and  in  addition 
despatch  vessels  fitted  with  thirty  canvas  cots  for  the  removal  of  the  less 
serious  cases,  which  may  be  transported  by  mail  packets  on  their  way  to 
England. 

On  these  ships  the  Admiralty  undertakes  the  lodging,  victuallmg,  and 
conveyance  of  the  sick ;  the  washing  is  also  arranged  for  by  them. 

The  War  Office  undertakes  to  furnish  the  medical  and  other  attendance 
necessary  for  the  proper  treatment  and  nursing  of  the  sick,  and  supplies 
aU  articles  of  personal  and  hospital  clothing  (but  not  bedding  or  ward  equip- 
ments), medical  and  surgical  appliances,  and  hospital  utensils._ 

The  fittings  of  a  hospital  ship  should  be  as  simple  as  possible  and  made 
of  iron.  Ample  ventilation  must  be  provided  for,  especially  between  decks ; 
the  method  of  receiving  and  removing  the  excreta  of  dysenteric  or  febrile 
patients  must  be  carefully  attended  to ;  the  supply  of  good  water  should  be 
ample,  and,  if  possible,  a  separate  ship  should  be  employed  for  washing 
Hnen,  &c.;  if  the  expedition  is  a  large  one  it  would  not  be  diflicuit  to 
convert  a  small  ship  into  a  laundry.  Every  possible  plan  should  be 
adopted  to  keep  the  ship  as  dry,  weU  ventilated,  and  pure  as  a  hospital 
on  shore. 

THE  FOOD  OF  THE  SOLDIER. 

The  Regulations  for  the  Army  Medical  Services  direct  medical  officers  to 
examine  from  time  to  time  into  the  quality  of  the  various  articles  of  food; 
the  cooking,  to  ascertain  whether  it  is  sufficiently  varied;  and  likewise  tlie 
amount  and  quality  of  the  drinking  water  supplied  to  troops.    W  itli  an 
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army  in  the  field  the  principal  medical  officer  will  give  his  advice  with 

rearhSthVmer'  P^^"*^  ^^^^^g 

tn  ii'^"     ^^^^  ^^^"^  t^""^  ^  "^^"^^^^  °^^y  at  be  called  upon 

nosiHnn  nf  "PT^^?- ?       I^^H^^y  «f  ^^^^  food  supplies  tendered,  on  the  com- 

TantJtv  a??  nn  t  '  ^""^^^^''^^  sufficiently  varied  and  in  proper 

quantity,  and  on  their  cooking  and  preparation. 

1  he  rations  of  the  chief  armies  are  as  follows  •— 

supprt^tL^To^^r™?!-^'""  """^  ^'^"^ 

1.  From  the  Government,  12  ounces  of  meat  and  1  lb.  of  bread  "  free  » 
towids  thTo^nf  T  ^«  a"°^^d  3d.  per  diem 

S  3ld  per  dTem  L^l  ^'"''7  '^'T'  ^^'^  "^^^^^^  ^^^^^^^  expenditure 
Sn/sugat&c  °'  -'s^tables,. 

makes  S  the^cal^.  *^T'  r  T  T-  '"'^^^  individual  purchases  the  soldier 
easy  to  calculate  the  amount  he  receives  from  the  first  two  sources  of 

::s2nsi'^:i.7:t -y-  siVanrrLl 

most  irdemand  '         '  ^""''''''^  "^'^  articles 

^ deficient  in  the  soldier's  food,  and  vineear 
especially  should  be  used.    Kobert  Jackson  very  justly  ins  sted  on  thl 
ra^tnTsoo  bT^"^^  a  digestive  agent  and  flaUrer,'^.s "  t^^^^^^^^^ 
as  an  anti-scorbutic.    He  remarks  on  the  great  use  of  vine^rar  made  b v  t W 

mtritwe  Value  in  Ounce,  (avoir.)  of  the  Free  Ration  and  of  the  Chocerv 

Ration. 


1 

Articles. 

Quantity  taken  daily 
in  Ounces. 

Water. 

Nitrogenous 
Substances. 

Tat. 

Carbo- 
hydrates. 

Salts. 

Water- 
free 
Pood. 

Meat, 

Bread, 

Potatoes,  . 

Other  vege-  \ 
tables  (taken  !- 
ascabbage),  J 

Milk, 

Sugar, 

Salts, 

Coffee,  . 

Tea, 

12  oz.,  of  which 
one-fifth  is  bone. 

24 

16 

8 

3 '25 
1-33 
0-25 
0-33 
0-16 

7-20 

9-60 
11-84 

7-28 

2-82 
0-04 

1-44 

1-92 
0-32 

0-14 

0-13 

0-81 

0-36 
0-02 

0-04 

0-12 

11-81 
3-36 

0-46 

0-  16 

1-  29 

•  ■  • 

0-16 

0-31 
0-02 

0-06 

0-02 

o'-"25 

2-  40 

14-40 

3-  72 

0-70 

0-  43 

1-  29 
0-25 

Total  quantity, 

65-32 

38-78 

3-95 

1-35 

17-08 

0-81  23-19 

Calculating  this  by  the  table  given  at  page  288,  it  would  give 
Nitrogen, 

Carbon  in  proteids]  *. qq,  ;  grains. 
Carbon  in  fats,      .  •         ^  \ 

Carbon  in  carbo-hydrates,  454  }-  4588 

Hydrogen  in  proteids,  . 
Hydrogen  in  fats, 
Sulphur  in  proteids, 
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Tr.  ration  the  nutrient  value  of  the  bones,  which  form  one-fifth  of 
the  LS^iB  these,  if  crushed  and  boiled  with  vegetables, 

iran  excellent  and  nutritious  soup.  The  grocery  ration  may  be  taken 
r^mLirr^  of  what  is  supplied,  and  is  no  doubt  far  short  of  what  mxght 
hp  afforded  with  good  management  of  the  messing  money. 

WhTrrally  fan  be  accomplished  with  this  has  been  shown  by  General 
BurSt  He  considers  that  under  former  systems  of  messmg  there  has 
W  considerable  waste,  and  in  his  regiment  the  bones,  which  formerly  were 
town  away,  are  used  to  make  soup,  being  supplemented  by  the  coarser 
parts  of  ?he  ox  (head,  &c.),  and  with  the  addition  of  peas,  lentils,  &c.,  make 

^^th^C— ^^^^ 

Government  free  ration,  supplemented  by  a  daily  messmg  contribution  of  from 
3d  to  4d   is  under  proper  management  sufficient  to  provide  an  ample  diet 
ank  that  he  chief  defeats  in  the  soldier's  diet  are  due  to  msufficient  interest 
Siftaken  in  the  subject.    The  meat  they  consider  to  be,  as  a  rule  of  good 
Sty     The  quantity  is  judged  to  be  sufficient :  m  support  of  this  they 
nuote  the  instance  of  Pearce's  dining  and  refreshment  rooms-an  institution 
Wying  30,000  meals  daily  to  the  industrial  classes-wliere  the  average 
amoun    of  meat,  without  bone,  supplied  to  each  man  for  dinner  wa 
5  ounces  uncooked,  yielding  when  cooked  about  4  ounces;  whereas  a 
ildershol  There  1232  cooked  rations  were  weighed,  the  average  amount 
,^'tokel'  meat  supplied  daily  was  7  ounces  1  ^TZt  lo  Z 

and  drippin-.  When  frozen  meat  is  issued  they  recommend  that  10  per 
.cent,  in^^^^^^^^^^    should  be  allowed,  as  there  is  a  greater  loss  of  nutriment 

ThrSSmittee  also  recommend  that  the  bread  should  ^^^^ed  in  2  5. 
loaves,  and  patent  yeast  used  in  place  of  brewer's  yeast:  the  smaUer  loaf 
.ensures  a  proper  proportion  between  the  crust  and  crumb. 

British  Soldier  in  India.— The  constitution  and  nutritive  value  of  the 
Indian  ration  is  as  follows  : — 


Quantity 
taken 
daily. 

Water- 
free. 

Protelds. 

Fate. 

Carbo- 
hydrates. 

Salts. 

Meat  with  bone, 
Bread,      .       .       .  • 
Potatoes,  .       .       •  • 
Rice,        .       •       •  • 

Sugar  

Tea  

■  Salt,  

Ounces. 
16 
16 
16 
4 

2-6 

0-71 

0-66 

Ounces. 
3-2 
9-6 
3-72 
3-6 
2-4=2 
0-7 
0-66 

Ounces. 
1-92 
1-29 
0-32 
0-20 

Ounces. 
1-08 
0-24 
0-02 
0-032 

Ounces. 

7-84 
3-36 
3-38 
2-41 

Ounces. 
0-2 
0-2 
0-02 
0-032 
0-012 

0-66 

Total,  .       .       •  • 

55-87 

23-90 

3-73 

1-372 

16-99 

1-124 

In  this  diet  there  are—  ^^^^ 

256-5 

Nitrogen,   _  4503 

Carbon,  


The  bread  and  meat  are  a  free  issue ;  the  remainder  are  supplied  by  the 
.CommLarfarDeparment.    In  India,  as  at  home,  there  are  also  individual 
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purcliasea  consisting  of  extra  bread,  tinned  meats,  fish,  eggs,  &c.,  but  on  the 
whole  the  amount  does  not  appear  to  exceed  the  standard  diet  necessary  to 
maintain  health.  The  deficiency  appears  to  be  in  vegetables,  which  are  very 
difiicult  to  get  during  the  hot  weather. 

"^^f  soldier  on  foreign  stations,  other  than  India,  does  not 

difler  greatly  from  that  which  he  receives  when  on  home  service  :  the  chief 
diflerence  is  an  issue  of  an  extra  ^  lb  of  meat. 

British  War  Eations.— In  the  time  of  Edward  VI.  the  English  soldier's 
ration  during  war  was— meat  2  ft,  bread  1  ft,  wine  1  pint  (Froude) 

On  active  service  in  the  field  a  special  scale  is  fixed  by  the  Secretary  of 
btate,  according  to  the  climate  and  the  circumstances  of  the  expedition  :  the 
following  scale  is  adopted,  as  far  as  possible  :-l  ft  fresh,  salt,  or  preserved 
meat ;  1 1  ft  bread,  or  1  ft  biscuit,  or  1  ft  flour ;  ^  ounce  tea  :  I  ouiice  cofi-ee : 
2  ounces  sugar;  ^  ounce  salt;  ounce  pepper;  ^  ft  fresh  vegetables  when 
procurable,  or  1  ounce  compressed  vegetables  :  also  J  ounce  lime  iuice  with 
i  ounce  sugar,  and  2  J  ounces  rum,  when  ordered  by  the  general  command- 
ing, on  recommendation  of  the  principal  medical  officer 

.T^V'^'f  "if  '^T^*^  y  l^b^^^^'       «^ery  article  ought  to  be  issued 

by  the  Supply  Department.  It  would  be  probably  a  good  plan  to  have  the 
supply  under  two  headings,  the  "usual"  and  the  "extm"  articles,  the  latter 
being  mtended  for  special  occasions,  such  as  forced  marches,  rapid  move- 
ments far  from  the  base  of  supplies,  &c.  The  usual  ration  ought  not  to 
conta  n  less  than  375  to  400  grains  of  nitrogen.  The  following  is  suggested 
as  a  hberal  and  varied  war  ration,  which  could  be  easily  suppHed  under 
ordinary  circumstances  :-Bread,  1^  ft ;  fresh  meat  (without  bone  ,  1  ft ;  peas 
or  beans,  3  ounces;  potatoes  and  green  vegetables,  1ft;  cheese  2  ounces- 
bacon,  2  ounces;  sugar,  2  ounces;  salt,  ^  ounce;  pepper,      ounce;  ground 

i       *  '  10  bee^,''20  ounces.  No 

spirit  ration  to  be  given  except  under  orders  from  the  generals  of  div  sions 
The  nutritive  value  of  this  diet  is  :-Proteids,  5-6  ounces -  fate   3 '43  • 
S"'"'^  «^-l*«        grains  of  niS^gent'dSold 

The  "extra"  articles  would  be  kept  in  readiness  by  the  Supply  Denart- 
ment  for  occasional  issue,  viz.,  tinned  Australian  or  New  Snd  r^eat 
Chicago  corned  meat,  or  the  best  market  article  of  the  Tdnd  extra^  of 
meat,  pea  and  beef  sausages,  biscuits,  flour,  meat  biscuits.  See,' lime  Tuice 
preserved  vegetables,  brandy  or  rum,  and  vine-ar  ' 

This  plan  supposes  that  the  "  usual "  scale  of  diet  would  be  issued  to  the 

Field  ovens  are  divided  into  three  classes,  viz.,  (a)  TraveUing  •  these 
ov'en  thTs.  "^^'^  Grove's  traveUing  oven  aM  P^iiii's  steam"fa've£ 
oven,  these  can  be  used  when  roads  are  good ;  {h)  Ground  ovens,  this  class 
of  oven  IS  erected  on  bare  ground,  and  is  represented  by  the  Alderiiot 
oven;  (c)  Improvised  ovens,  (1)  brick  ovens,  which  are  only  suitaWrwhen 
StTri-''^''^'^^'^  the  Hughes  oven,  and  (3)  theSono  Jn 

A  ""^T^  have  been  used  in  the  autumn  manoeuvres,  and  have 

been  w  very  good.  Field  ovens  can  also  be  built  by  iron  hoops  fixed  In 
<  the  ground.  Lord  Wolseley  gives  the  following  plan  :-Take7weWw,-  I 
.  ^on  hoops  If  possible),  knock  out  the  head,  lay^?  on  its  side!  af ter  scS 
.a  bed  for  ,fc;  cover  it  with  a  coating  of  6  or  8  inches  of  thick  mud  S 
^  at  the  open  end  ;  pile  up  sand  or  earth  to  a  thickness  of  6  inchrovei  the 
mud.  arrange  a  flue  at  the  end  distant  from  the  open  part,  through  he 
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mud  and  earth,  of  3  inches  diameter,  to  increase  the  draught  when  the  fire 
is  burnin<T  Form  an  even  surface  of  well-kneaded  mud  at  the  bottom  of 
the  barrel  -  light  a  fire  in  the  barrel,  and  keep  it  alight  until  all  the  wood  is 
burnt  •  there  will  then  be  a  good  oven  of  clay,  supported  by  the  iron  hoops. 
When  heated  for  baking,  the  mouth  is  closed  with  boards,  or  a  piece  of  iron 
or  tin.    These  ovens  were  used  in  the  Red  River  Expedition,  and  answered 

admirably.  .       -,     i  -ui 

Bread  (which  should  be  well-baked)  should  be  issued  as  long  as  possible; 
and  if  biscuit  is  issued  for  more  than  a  week,  flour  or  rice  should  be  added  to 
it.  Salt  meat  should  never  be  issued  for  several  days  in  succession,  especially 
with  the  excellent  supply  of  preserved  meat  now  available. 

When  fresh  vegetables  cannot  be  obtained,  preserved  vegetables  may 
be  substituted  for  them;  1  ft  of  uncooked  preserved  potatoes  are  equal 
to  3i  R  of  fresh  potatoes.  Preserved  vegetables  are  in  every  way  superior 
to  compressed  vegetables.  Owing  to  the  high  pressure  to  which  the  latter 
have  been  subjected,  a  very  large  proportion  of  their  salts,  with  part  of  their 
albumin,  has  been  expressed  and  little  remains  beyond  cellulose  (Morache) ; 
on  this  account  their  anti-scorbutic  power  is  not  very  great.  Preserved  vege- 
tables require  to  be  well  soaked  in  water  before  being  used,  otherwise  they 
are  apt  to  cause  diarrhoea.  . 

The  issue  of  a  spirit  ration  on  service  has  been  the  subject  of  much  dis- 
cussion; the  whole  experience  of  recent  wars  is  against  its  issue.  There 
is  perhaps  no  point  on  which  there  is  a  more  unanimous  opinion  than 
that  there  should  be  no  daily  issue  of  a  spirit  ration.     Brydon  long 
since  pointed  out  that  there  was  nothing  more  inimical  to  the  acchmatising 
process  in  India  than  the  habitual  use  of  alcohol.    But  although  the  daily 
issue  of  rum  as  a  ration  should  be  avoided,  there  are  cases  in  wliich  a  ration 
of  alcohol  has  been  found  to  be  productive  of  the  greatest  service,  even 
where  alcohol  in  the  form  of  rum  and  beer  may  be  productive  of  much  evil. 
The  advantage  which  Hght  red  wines  possess  cannot  be  passed  over.  These, 
well  diluted,  are  most  refreshing  drinks  in  hot  cHmates;  they  should  of 
course  be  used  in  moderation,  and  for  young  and  "unseasoned"  soldiers, 
probably  total  abstinence  would  be  better.    After  a  fatiguing  march,  red 
wine  may  be  given  with  advantage ;  it  has  a  recuperating  effect,  and  may 
possibly  be  a  preservative  against  disease.    Alcohol  should  never  be  allowed 
before  or  during  a  march,  but  at  the  end,  and  then  only  in  the  form  already 
indicated.    It  Avas  formerly  supposed  to  be  a  preservative  against  malaria  ; 
that  this  is  not  so  is  now  abundantly  proved  by  the  experiences  gained  in 
India  and  South  Africa.    There  is  no  evidence  to  show  that  the  issue  ot  a 
daily  ration  of  rum  has  been  productive  of  any  good,  and  m  many  cases  it 
has  certainly  done  much  harm.    It  is  certainly  contramdicated  m  all  cases 
where  cholera  and  enteric  fever  are  likely  to  occur.    On  the  other  Hand, 
light  red  wine  may  be  given  with  advantage,  as  it  contains  a  large  amount  oi 
acid  salts  and  tannin,  which  probably  assist  in  destroying  pathogenic  bacteria. 

For  rapid  expeditions,  when  transport  has  to  be  reduced  to  the  minimum, 
the  use  of  concentrated  and  cooked  foods  is  all-important  The  men  can 
carry  enough  for  seven  or  eight  days,  and  are  then  independent  ot  all  bases 
of  su  1 

Pei*  and  flour  sausages,  meat  biscuits,  and  dried  meat  are  the  best  to  use  ; 
and  the  issue  of  cheese  and  bacon  fat,  if  they  can  be  obtained  with  these,  giA  es 
a  diet  which  is  fairly  nutritious  and  not  disagreeable.  The  following  wou  a 
be  the  weight  of  food  which  would  last  a  man  a  week,  and  render  nun 
independent  of  the  Supply  Department  during  that  time :— Biscuit,  ^  ^, 
pea  or  flour  meat  sausages,  4  B) ;  dried  meat,  2  B) ;  sugar,  i  IB ;  tea,  t  * 
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cheese,  1  ib ;— total  10  R.  That  is  to  say,  a  weight  of  101b,  which  would 
be  lessening  day  by  day,  would,  if  properly  used  by  the  men,  carry  them 
through  a  week's  labour,  and  although,  of  course,  a  meagre  diet,  would  yet 
enable  them  to  do  their  work.  The  present  emergency  ration  consists  of  a 
small  tin  cylinder  divided  into  two  compartments,  and  weighing  12  ounces 
Une  compartment  contains  4  ounces  of  concentrated  beef,  and  the  other  5 
ounces  of  chocolate  paste. 

/iqJ^^^iS  for  each  officer  and  man  in  the  Ashanti  Expedition 

(1895-1896)  was  as  foUows  :-Bread,  IJ  lb,  or  biscuit,  Ulb;  fresh  meat, 
li  S),  or  preserved  meat,  1  R;  tea,  |  ounce;  cocoa  paste,  1  ounce:  dried 
onions  or  comiDressed  vegetables,  1  ounce;  preserved  potatoes,  1  ounce- 
sugar,  3  ounces ;  salt,  J  ounce ;  pepper,  ^  ounce. 

In  the  expedition  to  Khartoum  1898,  the  European  ration  was  as 
follows  :-Fresh  meat,  IJ  a,  or  preserved  meat,  1  lb;  bread,  U  B,,  or 
biscuit,  1  lb  ;  tea  i  ounce;  coffee,  ^  ounce,  or  cocoa  paste,  1  ouncef  sugar, 
3  ounces;  salt,  i  ounce ;  pepper,  ^  ounce;  dried  onions,  1  ounce,  or 
compressed  vegetables,  1  ounce,  or  fresh  vegetables,  1  Bb,  or  beans,  3  ounces  : 
preserved  potatoes,  1  ounce ;  rice,  2  ounces ;  lentils,  1  ounce.  The  ration 
for  natives  was  :-Bread,  biscuit,  or  flour,  1  lb;  meat,  fresh  or  preserved, 
i  m ,  coffee,  1  ounce ;  sugar,  2  ounces ;  salt,  ^  ounce 

,  n   » 1^'       '""PP^^  ^imcx^li,  but  as  an  army  "  fights  on  its 

beUy,»  the  importance  of  food  at  critical  movements  cannot  be  overrated 
The  uncertainty  of  the  time  of  supply,  and  the  difficulty  of  cooking,  often 
cause  the  men  0  be  without  food  for  so  many  hours  L  to  exhaust  them 
greatly  and  not  a  few  actions  have  been  lost  or  have  remained  without  good 

o^oo  .      .  ^""i  '^""f-  f  ^  ^^«i^«<i  by  regimental  transport 

of  condensed  and  ready-cooked  food,  which  may  be  used  on  such  emergencies 

The  ZZ:^  f '°  r^^^"^  ^^^^^^^  by  *be  Supply  DrpXen ts'. 

The  colonel  of  a  regiment  would  then  always  be  sure  that  he  had  the  means 
of  keeping  up  the  strength  and  vigour  of  his  men.  The  Austrians  have' 
tried  a  plan  of  cooking,  which  is  intended  to  obviate  one  diffilltv  on  the 
inarch.  A  Viennese  engineer  (Herr  Beuerle)  has  altered  PapinwLsL  i^^ 
such  a  way  as  to  make  it  a  convenient  cooking  utensil,  and  it  ?s  now  n  uS' 
hd  i'd        T  TY^T''-  .  ^  conical  iron' pot  covered  wfth  a 

from  the  top^  The  amount  of  water  is  1  pint  (English)  to  1  lb  of  meat 

•&  ttV  1  ''''''^  ^  ^°^P  *bat  it  has  to  be  diluted.    The  po 

with  the  lid  screwed  down  is  put  on  the  fire  (three  iron  supports  from  whFch 
the  pot  hangs,  like  a  gipsy's  kettle,  are  provided  for  the  field),  and  as  soon 

^T^7f'  T^^'^  t  '^^'^^^  by  opening  the  venii  ator  a  little 
the  fire  is  moderated.  In  an  hour  and  a  half  the  soup  is  ready  Pots  to 
Z  .  TJ'^t'  twenty-five  rations  are  made,  and  speciararmn^ements 
are  available  for  cooking  potatoes,  &c.    The  nlan  is  in  for-t 

steam-boilers,\^ot^us:d  hi  'it  ^^^^S  "s 

r..;e^r  'i^^^^gf     active  service  of  this  plan  is,  that  if  the  troops  are  sur 
prised,  and  have  to  move  off  their  ground  before  the  soup  is  readv    l^e  not 
18  Simply  thrown  into  the  waggon  and  if  thp  pnrl  nf  fT,/,^  ^■ 
usually  found  to  be  ready.  °^       "^^'^^  the  soup  is 
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Rations  of  the  French  Soldier.— Under  the  present  Eegulations  in  time 
of  peace  the  Government  furnishes  the  meat  for  the  soldiers'  rations  at 
about  35  per  cent,  under  market  price.  This  has  proved.a  great  advantage 
for  the  sokiier.  The  State  also  furnishes  bread  {pam  de  mumhon)  and  tuei ; 
the  white  bread  (pain  de  soupe),  as  well  as  other  articles,  are  bought  from 
the  funds  of  the  ordinaire,  or  common  fund  of  the  company,  battery,  or 

squadron.  ,     ,  „  ,  ^         •       •      i  t 

If  biscuit  is  issued,  550  grammes  (or  19-4  ounces)  are  given  m  place  x)t 
bread.    If  salt  beef  is  used,  250  grammes  (8-8  ounces)  are  issued,  or  200 
(7  ounces)  of  salt  pork.    Haricot  beans  form  the  chief  part  of  the  dried 
The  following  is  the  authorised  scale : — 


vegetables 


Munition  bread, 
White  bread  for  soup, 
Meat  {imcooked), 
Vegetables  (green), 
(dried), 

Salt, 

Pepper,  . 


Grammes. 

Ounces  avoir. 

750 

26-4 

250  . 

8-8 

300 

10-6 

100 

3-5 

100 

3-5 

15 

0-5 

f  0-073 

2 

=  31  grains 

1517 

53-373 

Total,  . 

Analysed  by  the  table  for  calculating  diets,  and  deducting  20  per  cent, 
from  the  meat  for  bone,  the  water-free  food  of  the  French  infantry  soldier 
is,  in  ounces — 


Water. 

Proteids. 

Fats. 

Carbo- 
hydrates. 

Salts. 

Water- 
free 
Food. 

Meat,  

Bread  

Vegetables  (taken  as  cabbage), . 
Vegetables  dried  (as  peas),  , 
Salt,  

6-30 
14-15 
3-19 
0-16 

1-  26 

2-  82 
0-01 
0-24 

0-70 
0-53 
0-00 
0-02 

17"'25 
0-21 
0-58 

0-13 
0-45 
0-02 
0-02 
0-50 

2-09 
21-05 
0-24 
0-86 
0-50 

Total, 

23-80 

4-33 

1-25 

18-04 

1-12 

24-74 

In  Algiers  the  ration  of  bread  is  also  750  grammes,  or  26-5  ounces,  and 
8-8  ounces  for  soup,  or  biscuit  643  grammes.  The  meat  is  the  same  ;  60 
grammes  of  rice  and  15  grammes  of  salt  are  issued,  and,  on  the  march,  sugar, 

"^S  ^^"^^M^  of  the  ministry  of  19di  May  1890  and  17th 
October  1890,  the  normal  service  ration  is  to  be  as  foUows  :— Jiread,  ^  OU 
grammes,  or  biscuit,  600  grammes;  rice,  60  grammes,  or  dried  vegetables, 
60  grammes;  salt,  20  grammes;  sugar,  21  grammes;  coflfee,  16  grammes 
fresh  meat,  400  grammes ;  fat  of  hog's  lard,  30  grammes  ;  ^o^^den^ed  soup 
8025  grammes.  When  fighting  is  actually  taking  place  and  great  exertion 
is  demanded  from  the  soldier  the  ration  is  increased  as  follows  :-Kice,  iw 
grammes;  sugar,  31  grammes;  coffee,  24  grammes;  fresh  meat,  50U 
grammes ;  preserved  meat,  250  grammes.  „  „     .        i.-     „  „  „,-,ron 

^    In  th^  expedition  to  Madagascar  (1895)  the  following  ration  was  given 
to  the  troops  :-Bread,  250 grammes;  salt,  20  grammes  ;  sugar,  35  gramnies 
coffee,  24  grammes;  rice,  40  grammes;  haricots,  30  grammes;  J^l^^"^^^^ 
grammes;  fresh  meat,  500  grammes ;  tea,  4  grammes ;  hog  s  lard,  30  grammes. 
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Rations  of  the  German  Soldier. — The  rations  in  time  of  peace  are  divided 
into  the  smaller  and  the  larger  victual Hng  rations ;  the  former  for  ordinary 
use  in  garrison,  the  latter  for  use  in  camps  and  in  field  manoeuvres. 


Smaller  Bation, 
in  ounces  avoir. 
26-47 
5-30 
4-41 


Bread,  ..... 
Meat  (raw),  .... 
or  Bacon,  ..... 
or  Smoked  Meat  (only  in  war  time), 

Rice,  3. 18 

or  Groats  or  Grit,  4-24 

or  Peas  or  Beans,  8 '12 

or  Potatoes,   53  "00 

Salt,  

Roasted  coffee  (exceptionally  only  in  war  time), 
Brandy, 
07'  Beer, 
or  Wine, 
Butter, 
Tobacco, 

The  nutritive  value  of  these  diets  is  as  follows : — 


Larger  Bation,  as  supplied 
for  Camps,  Marches,  &c., 
in  ounces  avoir. 
35-30 
17-65 
6-00 
8-82 
6-00 
6-00 
12-00 
71-00 

0-  88 

1-  41 
3-53 

35-30 
17-65 

1-76 

1-41 


Kind  of  Bation. 

Proteids. 

fat. 

Carbo-hydrates. 

Salts. 

Smaller  Ration, 

Larger  Ration  

3-  79 

4-  76 

0-77 
0-95 

17-  27 

18-  81 

0-47 
0-50 

Troops,  when  traveUmg  by  railway  or  steamer,  receive  additional  pay 
of  25  pfennings  (  =  3  pence)  per  man  for  refreshments.  Should  the  travel- 
Img  last  longer  than  sixteen  hours,  the  additional  pay  is  doubled 

In  Time  of  Far.— The  supply  of  rations  for  the  Germans  during  the 
iranco-Crerman  War  was  thus  conducted  :  

1.  During  the  marches  in  Germany  the  men  were  biUeted,  and  money 
was  paid  for  their  food. 

2.  Supplies  were  drawn  from  the  magazines. 

3.  Supplies  were  obtained  by  requisition  when  the  troops  entered  France. 
Ihis  last  plan  was  a  bad  one,  as  was  especially  shown  in  the  march  to  Sedan 
where  the  Germans  passed  over  a  country  previously  nearly  exhausted  by 
the  trench.    The  principal  defect  was  the  great  uncertainty  and  irregularity 
of  the  supphes ;  some  corps  received  too  much,  others  too  little,  and  the 
hospitals  especially,  which  had  not  men  to  send  out  to  get  supplies  were 
particularly  badly  off.    The  quality  of  the  food  was  also  often  bad'-  the 
inference  being  that,  as  far  as  the  health  of  the  troops  is  concerned,  the  system 
of  supphes  by  requisition  should  be  as  little  used  as  possible.    It  must  be 
noted,  however,  here,  that  the  Germans  did  not  pay  ready  money,  which 
might,  perhaps,  have  attracted  better  supplies  than  the  system  of  written 
vouchers.    The  magazine  supplies  were  exceUent,  but  occasionally  failed  in 
certain  articles,  such  as  fresh  meat,  as  a  substitute  for  which  the  celebrated 
pea-sausage  was  issued.    But  it  was  found  that  if  the  pea-sausage  was  used 
too  exclusively  the  men  disliked  it.    In  fact  one  of  the  greatest  obiections, 
was  the  too  great  uniformity  of  the  food.    To  do  away  with  this,  bacon 
preserved  and  smoked  meat,  peas,  and  white  beans,  and  potatoes,  when 
possible,  were  issued  as  a  change  of  diet. 

The  want  of  knowledge  of  cooking  was  very  great,  and  the  addition  also 
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of  articles  to  give  flavour,  as  vinegar  and  spices,  would  have  been  much 
prized.  Roth  strongly  recommended  the  establishment  of  a  school  for  cook- 
ing, like  that  at  Aldershot.  The  bread,  owing  to  the  long  time  it  was  on 
transport,  was  sometimes  mouldy. 

The  daily  war  ration  is  now  as  follows : — 

Bread,  .       .       .       .       ...       •       .....  26-50  ounces. 

Fresh,  or  raw  salt  meat,   1 3  '25 

o?- Smoked  beef,  mutton,  ham,  bacon,  or  sausage,  .       .  8  "82 

Rice  or  ground  barley,  ....   4 '41 

or  Peas,  beans,  or  flour,        .       .       .       .       .       .     ,  8"83 

or  Potatoes,   63 '00 

Salt,   0-90 

Coffee  roasted,      .       .  ■   0-90 

or  Raw  coffee,       .   1  '00 

This  aff'ords  from  4-37  to  5-44  ounces  proteids,  from  0-71  to  3-71  fat,  and 
from  19 "61  to  22-41  of  carbo-hydrates. 

Dismounted  troops,  field  and  horse  artillery  and  train  carry  iron  rations 
for  three  days,  cavalry  for.  one  day,  the  dismounted  troops  carrying  it  on 
their  persons,  the  cavalry  on  the  saddle  and  the  artillery  and  train  on  their 
carriages.  An  iron  ration  consists  of  9  ounces  biscuit,  7  ounces  preserved 
meat  (or  6  ounces  bacon),  3^  ounces  preserved  vegetables,  |  ounce  of  coffee, 
and  I  ounce  of  salt;  the  total  weight  of  the  ration,  with  packing,  is  Itt  10 
ounces. 

Eations  of  the  Austro-Hungarian  Soldier.— The  peace  ration  consists 
■of  the  following  : — 

Bread,  .   30-88  ounces. 

or  Biscuit,   17-65  ,, 

Meat,   6-71  ,, 

Suet,    .   " 

Wheat  flour,   6-57 

or  Legumes,  .       .       .       ■       •       ...       •       •  2-47 

or  Groats,     .       .       .       •       •       •       •       •       •  4-94  ,, 

or  Millet,   5-29  ,, 

or  Pearl  barley  .•  ^'5?  " 

or  Potatoes,  .       .       .   ,J  " 

or  Rice,        .       .   3*71  ,, 

Sauerkraut,   " 

This  contains  proteids,  4-34  ounces;  fat,  1-74  ounce;  carbo-hydrates, 
17-33  ounces,  and  0*53  ounce  of  salts. 
The  war  ration  consists  of — 

Biscuit   3-53  ounces. 

Flour   25  20  „ 

Beef     .       .   »  ea  ,, 

or  Salt  meat,   ^'^O  >' 

or  Bacon   >' 

Peas   a.Ia' 

or  Groats,   s-qo  " 

or  Potatoes   k  kl  " 

or  Sauerkraut   " 

Suet   1  06  „ 

The  nutritive  value  of  this,  with  beef,  is  proteids,  5-15  ounces ;  fat,  1-66 
ounce;  carbo-hydrates,  22-77  ounces;  with  bacon,  proteids,  3-85  ounces; 
fat,  4-76  ounces. 

"Wine,  brandy,  beer,  and  cofi"ee  are  also  given. 
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Rations  of  the  Russian  Soldier.— The  daily  scale  of  rations  for  a  soldier 
in  time  of  war  is  : — 


Biscuit,  . 
Fresh  Meat, 
Groats, 
Salt, 
Tea,. 
Sugar, 
Spirits, 


1  lb  13  ounces  (or  flour  or  bread,  as  in  peace). 
7i  ounces,  or  3|  ounces  ham. 
4|  „ 

4 

To 

9 

„ 

9 

TH  ft 

0-27  pint. 


Rations  of  the  Italian  Soldier. 

is  as  follows  : — 


Bread,  , 
Meat,  . 
Bacon, 
Kice,  . 
Salt,  . 
Sugar,  . 
Roasted  coffee, 
Wine,  . 


The  nutritive  value  of  this  diet  is ; 
and  carbo-hydrates,  21-64  ounces. 


-The  peace  ration  of  the  Italian  soldier 


Ounces  avoir. 

32-40 
7-06  to  10-59 

0-53 

5-30 

0-53 

0-71 

0-63 

8-82 


-proteids,  3-99  ounces;  fat,  1*34  ounce, 


Rations  of  the  Belgian  Soldier.— This  ration  consists  of  :— 

Miinition  bread,   26-47  ounces. 

White  bread  07 

Meat  with  bone,        ....  '       '  8-82 

l<^i^}oes  ;  35-3 

Butter,       ....  07 

Coflfee,  *.  0-9 

The  nutritive  value  of  this  ration  is  264  grains  of  nitrogen  and  5920 
grains  of  carbon. 

Rations  of  the  Spanish  Soldier. -During  peace  this  soldier  receives  daUy 
46  centimes,  out  oi  which  he  spends  36  centimes  on  his  food.  In  addition 
the  State  gives  him  24  ounces  of  bread.  On  service,  he  either  receives  extra 
pay  varying  from  12  to  24  centimes  daily,  or  receives  a  special  issue  in 


Rations  of  the  Swiss  Soldier.-The  peace  ration  issued  to  men  at 
recruits  or  repetition  courses  consists  of— 1  lb  lOi  oz.  of  bread  and  11-29 
oz.  of  fresh  meat,  with  an  allowance  of  2Ad.  per  man  per  day  in  lieu 
otjregetables,  salt,  and  fuel.    On  active  service,  the  daily  ration  consists 

Fresh  Mekt.  '.  l^^nT'''* 

Vegetables,     .       .  I?  .nT 

Salt,   5  3  to  7  ounces. 

Cofi-^e,   
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Rations  of  the  United  States  Soldier. — The  daily  ration  in  the  United 
States  Army  is  as  follows  : — 

Fresh  beef,  20  ounces,  or  salt  beef,   22-00  ounces. 

or  Pork  or  bacon,    .       .       .       ■       •       •       •       .  12'00  ,, 

Bread  or  flour,   18-00  ,, 

Potatoes,   16-00  „ 

Peas  or  Beans,        .........       2*40  ,, 

Rice,  1-60  ,, 

Sugar,  2-40  ,, 

Coffee  (raw),  1*60  ,, 

Salt,       .       .  0-25  „ 

Rations  of  the  Indian  Sepoy. — This  dietary  cannot  be  laid  down  with 
any  exactitude,  as  the  native  soldier  is  drawn  from  various  races,  having 
varying  caste  prejudices.  The  rations  issued  in  the  Afghan  War,  1878-1880, 
may  be  taken  as  a  type  of  the  native  soldier's  war  ration :  atta  or  rice,  2  5) ; 
ghi,  2  ounces  ;  dhal,  4  ounces ;  salt,  f  ounce ;  also  meat  and  condiments  on 
payment.    In  some  later  expeditions,  onions  and  amchur  have  been  issued. 

The  following  ration  has  been  suggested  for  Aden  camel  drivers 
Biscuit  or  rice,       ft ;  dates,  wet,  1  ft ;  ghi,  2  ounces ;  sugar,  2  ounces ; 
coffee,  |-  ounce ;  salt,  ^  ounce ;  onions,  when  procurable,  2  ounces,  or  dhal, 
4  ounces. 

Rations  of  the  Japanese  Soldier. — The  daily  ration  in  peace  consists  of 
6  go  of  rice  (5  J  go  =  1  litre)  or  about  36  ounces  in  bulk,  and  6  cents  (or  sen) 
for  the  purchase  of  beef,  chicken,  pork,  or  fish,  and  vegetables,  tea,  pepper, 
mustard,  and  miso,  a  kind  of  pea  flour. 
The  daily  field  ration  consists  of : — 

Rice,  36  ounces. 

Chicken,  beef,  pork,  or  fish,   " 

or  Preserved  meat,  I  " 

or  Dried  meat,        ........  3f   , , 

Vegetables,  fresh,    .       .       .       .       .       •       •       •  " 

or  Dried  vegetables,        .       .       .       .       .       •       •  1|  u 

Spice,  made  from  daikon  or  other  vegetables,  .       .       .  Ig  >> 

or  Preserved  plums,        .       .       .       .       •       •       •  ^3  " 

or  Salt,   J  ." 

Soy,  miso,  tea,  suftciency. 

CLOTHING. 

In  former  times  a  sum  of  money  was  granted  to  colonels  of  regiments  to 
cover  the  cost  of  clothing :  this  system  was  not  found  to  answer,  and  since 
the  Crimean  War  the  Government  has  taken  the  supply  into  its  own  hands. 

The  various  articles  of  clothing  for  the  army  are  prepared,  under  Govern- 
ment supervision,  at  the  clothing  dep6t  at  Pimlico,  and  every  care  is  taken 
to  test  the  materials  tendered  by  contractors.  All  clothmg  for  soldiers  is 
now  issued  in  accordance  with  the  Regulations  for  the  Supply  of  Clothing 

CLTid       6CBSSCiT%QS * 

The  recruit  on  enlistment  receives  a  free  kit :  some  of  the  articles  [the 
Government  replaces  as  they  become  unserviceable,  others  he  is  obliged  to 
make  good  at  his  own  expense,  but  these  are  sold  at  cost  price,  and  a 
careful  man. can  keep  his  kit  in  good  order  at  an  annual  cost  of  about 
The  following  are  the  articles  of  kit  supplied  to  an  infantry  recruit  :— 

Clothing. 

9  frocks  2  pairs  of  ankle  boots  (one  pair  every 

2  pairs  of  trousers.  ,  six  months). 

2  pairs  of  mitts.  1  forage  cap. 
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Necessaries. 

1  razor  and  case. 
1  hold-aU. 
1  tin  of  blacking. 
1  blacking-brush. 
1  brass-brush. 
1  cloth-brush. 
1  polishing-brush. 
1  shaving-brush. 
1  button-brass. 
1  kit-bag. 

The  kit  is  divided  into  the  personal  and  the  public  kit.  The  former, 
consisting  of  a  frock,  a  tunic,  a  pair  of  trousers,  a  pair  of  boots,  and  all 
necessaries.  The  public  clothing  consists  of  a  greatcoat  with  cape,  a  helmet 
or  other  head-gear,  a  pair  of  leggings,  and  a  haversack. 

Certain  articles  are  also  issued  free  of  expense  at  stated  intervals.  For 
the  particulars  of  these,  reference  must  be  made  to  the  Regulations,  where 
they  are  stated  in  detail.  The  following  are  the  articles  issued  to  the  infantry 
soldier  of  the  line  at  home  : — 


2  flannel  shirts. 

3  pairs  of  socks  (worsted). 
1  pair  of  braces. 

1  hair-comb. 

1  knife  and  fork. 

1  spoon. 

1  mess-tin  and  cover. 

2  towels. 

1  soap  (piece). 

1  sponge  (pipe-clay). 


1  helmet  and  bag,   Quadrennially. 

^   Biennially. 

1  frock  (undress),   Annually. 

1  pair  tweed  trousers,   Annually. 

1  pair  tweed  trousers,   Biennially. 

2  pairs  of  boots,  one  on  1st  April  and  one  on  1st  1  . 

October,   !- Annually. 

1  Forage  cap,       .       .  .'  Annually. 

1  silk  sash  tor  warrant  officers  and  staff  sergeants,  Biennially. 

1  worsted  sash  for  sergeants,        .       .  Biennially 

1  greatcoat,   Every  fiveyears. 

1  pair  mitts,   Triennially! 

In  India  and  other  tropical  stations  light  clothing  of  different  kinds  is 
used— driU  trousers  and  jackets,  or  in  India  complete  suits  of  the  khaki  a 
native  grey  or  dust-coloured  cloth,  or  tunics  of  red  serge  and  very  light  cloth, 
ihe  English  dress  is  worn  on  certain  occasions,  and  during  the  cold  weather 
season,  or  m  certain  stations. 

For  other  stations  abroad,  soldiers  are  suppHed  before  embarkation,  if 
possible,  with  any  new  articles  of  personal  clothing  that  may  be  necessary 
owmg  to  differences  of  cHmate,  pattern  or  scale.  Similarly,  before  pro- 
ceeding on  active  service  the  soldier  is  supplied  with  additional  articles  of 
clothing  according  to  the  circumstances  of  climate  and  season. 

In  selecting  the  material  for  soldiers'  clothing  the  chief  points  to  be 
considered  are,  its  permeability,  durability,  and  the  property  it  has  of 
conducting  and  absorbing  heat. 

Cotton  is  durable,  does  not  shrink  when  washed,  is  non-absorbent  of 
moistuje,  conducts  heat  rapidly  away,  and  has  the  effect  of  chilling  the 
body  If  perspiration  is  present.  Hence  it  is  not  the  material  for  the  dress 
or  undergarments  of  soldiers.  It  is  also  non-permeable  to  air,  possessing 
little  more  than  half  the  porosity  of  flannel. 

Linen,  like  cotton,  is  a  good  conductor  of  heat  but  a  bad  absorbent  of 
moisture ;  it  soon  soaks  up  the  moisture  from  the  skin,  and  this  evaporating 
so  cools  the  body  as  to  cause  chills.  In  many  respects,  however,  it  is 
inferior  to  cotton  for  underclothing. 

"Cellular"  cotton  has  of  late  years  been  introduced  as  a  substitute  for 
■  cotton  and  linen.    In  the  process  of  manufacture  interspaces  for  air  are  left 
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in  the  texture.    Air  being  a  bad  conductor  of  heat,  the  cellular  cotton  is 
warmer  than  cotton  clothing. 

Wool  is  by  far  the  best  material  for  underclothing ;  it  has  very  large 
absorbing  properties  for  moisture,  conducts  heat  very  slowly,  and  thus 
prevents  cooUng  of  the  surface  of  the  body  after  exercise;  it  is  nearly 
twice  as  permeable  to  air  as  cotton ;  for  these  reasons  woollen  garments 
are  best  adapted  for  ensuring  an  equable  temperature  round  the  body,  and 
should  be  invariably  used  on  military  service.  In  all  campaigns  it  has 
been  found  the  best  material  and  the  best  preservative  against  illness. 
The  non-conducting  properties  of  wool  may  be  in  part  due  to  the  fibres, 
which  contain  a  proportion  of  fatty  matter,  as  well  as  to  the  large  amount 
of  air  entangled  in  the  interspaces. 

Jsegers'  woollen  underclothing  is  so  woven  that  it  is  not  irritating  to  the 
skin,  and  the  arrangement  of  the  constituent  hairs  provides  for  the  escape 
of  moisture.    It  is  largely  used  in  the  German  Army. 

The  disadvantages  of  woollen  clothing  are,  that  the  material  becomes 
hard  and  shrinks  on  washing,  and  thus  loses  in  part  its  absorbing  pro- 
perties. This  can,  in  every  case,  be  obviated  by  using  a  soap  free  from  any 
excess  of  alkali.  The  alkali  acts  on  the  natural  oil  of  the  wool,  and 
materially  injures  it.  The  addition  of  a  little  paraffin  to  the  soap  is  said  to 
facilitate  the  removal  of  dirt. 

Soldiers'  shirts,  made  at  Pimlico,  are  manufactured  from  a  mixture  of 
cotton  and  wool :  this  material  is  lighter  and  cheaper  than  pure  wool,  and  is 
said  to  be  more  durable ;  it  does  not  shrink  in  washing  :  there  should  not 
be  more  than  30  per  cent,  of  cotton  in  the  mixture.  . 

The  colour  of  the  material  has  an  important  bearing  on  the  hygienic  value 
of  the  clothing,  and  in  regard  to  the  absorption  of  heat  exerts  more  influ- 
ence than  the  material  itself.  The  results  of  experiments  made  at  Aldershot 
show  that  white  possesses  very  slight  absorptive  power  compared  to  other 
colours,  and,  next  to  this  in  the  scale,  grey  or  pale  yellow  gives  the  best 
results ;  grey  is  the  best  colour  for  soldiers'  dress  on  service,  white  is  least 
suited  for  the  field,  as  it  soils  so  quickly ;  the  khaki  drill  used  in  India 
appears  to  answer  well,  and,  as  regards  absorption  power,  corresponds  very 
closely  with  grey  drill. 

All  clothing  should  be  made  to  fit  loosely,  so  as  to  allow  free  movement 
of  every  part  of  the  body,  otherwise  mechanical  work  is  increased.  In 
the  British  Army  the  underclothing  consists  of  shirts,  stockings,  and  flannel 
belts.  The  shirts  are  made  of  a  mixture  of  wool  and  cotton.  In  hot 
climates  all  wool  would  probably  be  found  a  better  material ;  but  the  collar 
band  should  be  made  of  linen  to  avoid  shrinkage,  and  consequently 
tightness  round  the  neck.  Drawers  find  no  place  in  the  soldier's  kit : 
they  are  cleanly,  and  necessary  to  provide  warmth  for  the  legs  and  lower 
part  of  the  abdomen.     Many  soldiers  provide  themselves  with  these 

Socks  are  made  of  worsted.  The  number  supplied  is  too  small,  and,  as 
there  is  often  excess  of  perspiration,  they  should  be  frequently  washed. 
It  is  probable  that  sore  feet  are  frequently  due  to  this  cause.  A  good  sock, 
kept  clean,  is  a  protective  against  sore  feet.  Flannel  belts  are  useful  to 
protect  the  abdomen  from  chill.  A  watch  must,  however,  be  kept  to  see 
that  men  wear  them,  especially  in  hot  climates.  It  is  astonishing  to  find 
the  number  of  men  who  neglect  to  do  so.  ,      n  •         j  f 

The  tunic— the  coat  worn  by  the  British  soldier— is  close  fitting,  and  to 
some  extent  compresses  the  muscles,  and  interferes  with  the  free  movement 
of  the  chest.    If  loosely  made,  it  does  not  give  the  same  appearance  ol 
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smartness  to  the- men.  For  active  service  the  tunic  is  made  looser,  and 
generally  of  some  thin  material  (this  will  depend  on  the  climate) ;  but  serge 
is  always  preferable  to  cotton.  A  loose  Norfolk  jacket  is  the  pattern 
usually  adopted  in  India,  and  this  seems  to  meet  all  necessary  requirements. 

Trousers  should  be  large  over  the  lower  part  of  the  pelvis.  Parkes 
recommended  the  "peg-top"  shaped  trousers  as  being  the  best  pattern, 
and  if  "putties"  are  worn  with  these,  they  make  a  most  serviceable 
dress.  The  putties  give  support  to  the  leg,  and  protect  it  from  the  bites 
of  insects. 

Braces  are  preferable  to  a  belt  round  the  waist.  They  form  a  better 
means  of  support,  and  do  not  compress  any  part,  which  a  belt  invariably 
must  do.    This  latter  is  also  said  to  predispose  to  hernia. 

The  greatcoat  and  cape  is  issued  in  three  sizes,  and  weighs  from 
5  H)  8  oz.  to  6  ft)  3  oz.  They  are  all  made  double-breasted,  but  seldom 
long  enough.  The  cloth  is  excellent,  but  it  is  rather  heavy,  absorbs  a 
large  quantity  of  moisture,  and  is  difficult  to  dry.  It  would  be  an 
advantage  if  the  greatcoat  could  be  made  of  a  lighter  material,  and 
waterproof. 

For  service  in  the  field  a  waterproof  sheet  is  an  imperative  necessityj. 
to  protect  against  rain  or  ground  moisture.  The  waterproof  sheet 
should  always  be  used  to  lie  on  unless  employed  to  form  a  temporary 
tente  d'abri. 

Cloth  may  be  made  waterproof   by  the  following  simple  plan:  

Make  a  weak  solution  of  glue,  and  while  it  is  hot  add  alum  in  the  pro- 
portion of  1  ounce  to  2  quarts;  as  soon  as  the  alum  is  dissolved,  and 
while  the  solution  is  hot,  brush  it  well  over  the  surface  of  the  cloth,  and 
then  dry.  It  is  said  that  the  addition  of  2  drachms  of  sulphate  of  copper  is- 
an  improvement.  HiUer  describes  a  useful  method  of  waterproofing  porou& 
materials,  as  cloaks,  &c.,  by  dipping  them  alternately  in  a  solution  of  sulphate 
or  acetate  of  alumina  and  of  soap. 

Such  articles  as  sheepskin  coats,  hoods,  gloves,  &c.,  issued  for  protection 
against  very  severe  cold,  are  necessary,  and  are  fully  justified  by  the  results- 
folloAving  their  use. 

The  head-dress  is  an  important  article  of  the  soldier's  kit.  The  essentials 
of  a  good  head-dress  are  that  it  should  be  light,  durable,  and  comfortable  ; 
that  it  does  not  press  unduly  on  any  part,  nor  fit  too  closely  on  the  head!" 
It  should  admit  of  a  limited  amount  of  ventilation,  and  its  shape  should  not 
only  serve  as  a  protection  to  the  head,  but  it  should  afi'ord  as  little  resistance- 
as  possible  to  the  wind. 

Helmets  are  now  issued  to  infantry  regiments,  artillery,  and  engineers 
and  also  to  departmental  corps.  ' 

Bear-skin  caps  are  worn  by  the  Guards,  Highland  bonnets  and  shakoe& 
by  Highland  regiments,  and  a  seal-skin  cap  by  Fusilier  regiments. 

The  infantry  helmet  weighs  14 J  ounces.  It  is  made  of  cork  covered 
with  cloth.    The  weight  of  the  bear-skin  is  37  ounces. 

In  the  cavalry  and  horse  artillery,  helmets  are  also  worn,  but  of  a  slightly- 
different  pattern.  They  are  of  excellent  shape,  but  rather  heavy.  .  In  the' 
Guards  and  Heavy  Dragoons  the  helmet  is  of  metal,  and  is  partly  intended 
for  defence.  The  weight  of  the  Life  Guards'  helmet  is  55  ounces,  and  that- 
of  the  Dragoon  Guards  39  ounces.  Were  the  helmet  made  of  aluminium, 
these  weights  might  be  considerably  reduced.  The  Lancer  cap  weighs  29i 
■ounces,  the  Hussar  28^  ounces. 

In  India  the  same  head-dress  is  worn  by  all  the  different  branches  of  the 
Service.    Helmets  made  of  bamboo  or  cork,  covered  with  cotton  and  pro- 
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vided  with  puggeries,  are  now  used;  they  are  very  light — 13  ounces — and 
afford  good  protection  from  the  sun. 

The  "Tuson  helmet"  has  lately  been  adopted  by  some  regiments  in 
India.  It  consists  of  two  bodies,  one  within  the  other,  forming  a  complete 
air-chamber,  not  only  in  the  crown,  but  in  the  brim,  thereby  completely 
protecting  the  temples  and  the  nape  of  the  neck.  The  weight  with  chin 
strap  and°button  is  only  11 1  ounces;  with  chin  strap  and  spike,  14  ounces. 

In  the  French  Army  a  shako,  made  of  pasteboard  and  covered  with 
leather,  is  worn.    It  is  very  hot. 

Leggings  are  now  used  by  all  dismounted  branches  of  the  Service ;  they 
are  made  of  leather,  and  reach  from  the  ankle  nearly  to  the  knee.  The 
oreat  advantage  of  leggings  is  that  at  the  end  of  a  march  they  can  be  at 
once  taken  off  and  cleaned.  In  India  "putties"  are  used  for  the  same 
purpose,  and  are  found  most  comfortable,  affording  protection  and  support. 
They  are  worn  by  the  mounted  branches  also. 

The  boots  are  supplied  from  the  clothing  dep&t  at  Pimlico,  and  are  in 
thirty-two  sizes,  made  right  and  left,  and  weigh  about  40  ounces.  The  sole 
is  wide  and  the  heel  low  and  broad.  The  leather  has  to  be  of  a  certain 
quality,  and  a  number  are  always  cut  up  and  examined  before  a  contract  is 
passed.  There  must  be  eight  stitches  per  inch  for  the  upper  leather,  and 
the  thread  must  be  of  a  certain  strength  and  well  waxed.  The  great  fault 
of  this  boot  is  its  hardness  and  the  rough  way  in  which  it  is  finished.  Once 
it  is  moulded  by  wear  to  the  shape  of  the  foot,  it  is  an  excellent  boot. 
In  the  Russian  Army  boots  made  of  a  soft  and  pUable  leather  are  issued, 
and  foot-soreness  is  said  to  be  unknown:  the  Russians  appear  fuUy  to 
understand  the  advantages  gained  by  this. 

The  English  boot  seems  to  require  some  other  means  of  fastening  it. 
The  number  of -eyelet-holes  cause  waste  of  time  in  fastening,  and  the  thong 
is  liable  to  break.  The  "  Elcho  "  boot  is  worn  by  officers  on  service  :  it  is  a 
long  boot  with  a  slit  down  the  centre  :  it  may  be  worn  under  the  trousers 
or  outside,  as  the  sht  opens  and  can  be  laced.  There  is  no  difficulty  m 
taking  off  this  boot  when  wet,  as  was  so  frequently  the  case  with  the  old 
pattern. 

For  service  in  the  field,  boots  should,  if  possible,  be  made  impermeable  to 
wet  Parkes  recommended  the  following  receipt,  which  he  tried  and  found 
effectual.  Take  half  a  pound  of  shoemaker's  dubbing,  half  a  pint  of  linseed 
oil  half  a  pint  of  solution  of  india-rubber.  Dissolve  with  gentle  heat  (the 
mixture  is  very  inflammable),  and  rub  on  the  boots.  This  will  last  for  five 
or  six  months,  but  it  is  weU  to  renew  it  every  three  months.  Army  orders 
direct  (1)  that  soldiers'  boots  are  to  be  blackened  with  three  coats  of  ordi- 
nary blacking  instead  of  other  substances.  (2)  Boots  or  shoes  in  store  are  to 
be  dubbed,  or  have  neat's-f oot  oil  applied  to  uppers  at  least  once  m  four  months. 

Weights  of  the  Articles  of  Dress  and  Accoutrements,  and  on  the 
Modes  of  Carrying  the  Weights.— The  foUowing  tables  give  the  weights 
of  all  the  articles  carried  by  the  light  cavalry  and  the  infantry  of  the  line. 
The  weights  carried  by  the  artiUery  are  much  the  same  as  those  ot  tlie 
cavalry.  The  weights  of  the  helmets  of  the  Life  and  Horse  Guards  have 
been  already  mentioned.  The  cuirass  weighs  10  ft  12  oz. ;  it  rests  a  httle 
on  the  sacrum  and  hip,  and  in  that  way  is  more  easily  borne  by  the  man. 
With  these  exceptions,  the  weights  may  be  considered  nearly  the  same  as 
those  of  the  heavy  dragoons.  .  . 

Cavalry.— The  weight  of  the  accoutrements  and  equipment  is  m  great 
part  carried  by  the  horse.  The  cloak,  when  not  worn,  is  carried  m  a 
roll  over  the  shoulder,  or  sometimes  round  the  neck,  or  in  front  on  the  horse. 


CLOTHING  OF  THE  SOLDIER. 


1007 


The  following  weights  for  light  cavalry  will  serve  to  indicate  what  a  horse 
has  to  carry  on  active  service  : — 


Articles, 

The  rider  (say),  

Clothes  on  rider,  viz,,  flannel  shirt,  drawers,  socks,  braces,  head-dress, 
tunic,  pantaloons,  boots,  spurs,  gloves,  and  flannel  belt, 

Arms,  &c.,  belts  and  swords,  

Carbine,  ............ 

Ammunition,  30  rounds,  

Saddlery,  viz.,  saddle  and  bridle  complete,  breastplates,  wallets,  shoe 
cases,  numnah,  head  rope  and  carbine  bucket  

Small  blanket  under  saddle,  

Kit  of  rider,  viz.,  clothes  brush,  stable  sponge,  oil-bottle,  pot  of  grease, 
horse-rubber,  pocket-ledger,  field-dressing,  horse  brush,  curry- 
comb, flannel  shirt,  drawers,  socks,  towel  and  piece  of  soap,  hold- 
all with  needles  and  thread,  kit  scissors,  fork,  spoon,  comb,  and 
forage  cap,  

One  day's  reserve  rations  (sausage),  say, 

Cloak  and  waterproof  sheet. 

Mess-tin  and  strap,  .... 

Haversack,  water-bottle,  and  pocket-knife, 

Hoof-picker,  nose-bag,  picket-peg,  heel-rope 

Hay-net,  corn-sack,  .... 

A  fore  and  hind  shoe  with  nails,  . 

Balance  of  man's  rations,  &c.  (say). 

Balance  of  horse's  forage,  &c.  (say). 

Mallet  (when  carried),  , 


Approximate 
Weight. 

St.     tt)  oz. 

10    4  0 


1 
0 
0 
0 

2 
0 


1  11 
7  0 
7  7 
4  8 

9  11 

2  0 


and 


shackle. 


0  7  5 
0  0  12 
0  9  8 
1  4 
1  12 
4  1 
0  3  12 
0  1  14i 
0  10 
0  6  0 
0    2  0 


0 
0 
0 


Total, 


18    5  9^ 


Infantry.— The  articles  of  the  infantry  soldier's  kit  have  been  already 
noted.  This  Idt  may  be  divided  into  the  service  and  the  surplus  kit,  the  latter 
being  always  carried  for,  and  not  by,  the  man.  The  service  kit  consists  of 
the  clothes  he  wears,  and  of  some  duplicate  articles  and  other  necessaries 

The  following  are  the  weights  of  the  infantry  field  kit  and  home  march- 
ing order. 


1. 


Articles  worn  or  carried  on  the  person. 


Full  dress  head-dress. 
Frock, 
Trousers,  . 
Braces, 

Flannel  shirt,  . 
Flannel  belt,  . 
Socks, 

Boots,  ankle,  . 
Leggings, 

Field  dressing  and  description  card,  . 
Haversack,  with  balance  of  day's  ration 
Water  bottle  (full)  with  strap,  . 
Clasp  knife  and  lanyard,  ... 
Pouches  with  100  rounds  0'303  ammunition 
Rifle,  with  sling,  pull  through,  clearing  rod'  and  full 
Bayonet  and  scabbard. 
Waist-belt  and  frog. 
Mesa-tin  and  strap,  . 
Greatcoat, 
Intrenching  tool, 

Valise,  packed,  with  straps  and  braces. 


oil  bottle 


tb  oz. 
1  4 


0 

4f 


0  6J 
0  4i 


4 
1 
0 

2 

3 


5i 

2 

0 

3i 


Total  on  person, 


0  6 
7  llf 

10  0 

1  4| 
1  3 

1  8| 
6  8i 

2  14 
10  0 

59  ]5i 
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2.  Articles  packed  in  the  valise  are  as  follows : — 

.  .,  ,  Approximate 

Articles.  Weight. 

Xb  oz. 

Emergency  ration,  *  •       •       •       '       •       •  ^  ^'^ 

Tin  of  grease   X  ?i 

Socks,  .  .       .       .       .       .       .     ■  .       .     •  .     ■  .       .       .       ■  0  4| 

Flannel  shirt,  .       .   •       •       "       "  r>  qI 

Housewife,  fitted,    .       .       •       •       •       •   "  ^* 

Hold-all,   10 

Worsted  cap,    .       .  •  u  ^ 

Field  cap,   0  °i 

Towel  and  soap,   „ 

Cloth  brush,    .    ■   0  3| 

Canvas  shoes  '       '       '       '  n  ni 

Bootlaces,        .  •       •       •       •  ^  n 

Small  book,  '  .       .       .  •  °  ^ 

"Valise,  empty,  with  straps  and  braces,   '■^ 

Total  weight,    ■  .       .     10  0 

The  articles  packed  in  the  waterproof  bag  and  carried  as  far  as  the  base 
only  are  as  follows  : — one  frock,  one  pair  of  ankle  boots  (one  pair  of  shoes, 
one  pair  of  gaiters,  one  pair  of  hose-tops,  for  kilted  battalions),  one  pair  of 
trousers,  one  jersey. 


3,  Home  Marching  Order. 


It)  oz. 


2  pouches,   0 

Haversack,      .   in 

Water-bottle  and  carrier,   ^  ^ 

Greatcoat  and  cape,  with  slings,   i  sa 

Mess-tin,  cover,  and  strap,       .       .       .       •   o  i  kI 

Valise,  with  straps  and  braces,   in  n 

Rifle  and  sling,  &c.,        .   t  as 

Bayonet,  scabbard,  •       •       •       •       •  It 

Waist-belt  and  frog,        .       ,   ^  ^ 

Total,      .       .     26  7^ 

In  the  cavalry  the  weight  carried  appears  to  be  too  great :  the  weight  of 
his  clothing  and  equipment  is  equal  nearly  to  the  man  himself.  It  is  a  mis- 
take to  overweight  the  horse ;  the  long  and  rapid  marches  cavaby  have  to 
make  tiell  especially  on  the  horse  when  he  is  overpowered  by  such  a  weight 
as  19  stone,  and  it  is  of  no  less  importance  to  keep  the  horse  effective  as 

it  is  the  rider.  .  ,     i  • 

In  the  case  of  the  infantry  soldier,  who  carries  the  weights  himseit,  the 
greatest  care  is  necessary  in  their  arrangement  so  as  not  to  detract  from  his 
efficiency  or  to  injure  his  health.  Whenever  possible,  his  kit,  as  far  as  he 
can  dispense  with  it,  should  be  carried  for  him,  with  the  exception  of  his 
armament  and  water-bottle.  The  advantage  of  transportmg  a  soldiers 
knapsack  for  him  is  well  recognised  in  India,  where  longer  marches,  greater 
endurance,  and  efficiency  are  found  to  result  from  this  practice. 

The  chief  points  to  attend  to  are  to  so  adjust  the  weights  that  when  carried 
they  fall  as  near  the  centre  of  gravity  as  possible,  and  not  outside ;  there 
must  be  no  compression  of  the  chest,  so  as  to  interfere  with  perfect  freedom 
of  respiration,  or  with  the  circulation  by  pressure  on  tlie  arteries  or  veins. 
The  weight  should  be  disti-ibuted  as  far  as  possible,  so  as  to  avoid  fatiguing 
one  set  of  muscles. 
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rnJfft"!'  '^"^A^i  '°  "^""^  ^^^S^t^'  «o  ^«  to  dispose  of  them 

do  so         '  ''''  ""^^^^  ^'^  ''''^''^  ""''^^^^  absolutely  required  to 

thel^P  £Tt"^'?T''\^'  Pftlj^  based  on  the  plans  recommended  by 
the  late  S  r  T  Trowbridge  but  there  have  been  many  improvements  since 
It  was  first  mtroduced.  The  principle  is  to  use  the  point  of  the  shoulders 
and  the  sacrum  on  which  to  distribute  the  weight.  The  old  framed  W 
sack  has  been  abandoned,  and  a  vaHse  equipment  substituted.  ^ 

that  it'if  l^tr  '^^P?^^^,*  (P^**«^^  1888)  possesses  the  great  advantage 
that  t  IS  light  and  very  simple.  In  a  few  seconds  the  soldier  can  change 
from  "marching  "  to  "  service  "  order  by  merely  detaching  the  valise  from  Z 
emaindero  _the  equipment.  The  pouches  are  so  constructed  ha  whUst 
the  ammumtion  can  be  easily  reached,  hability  to  loss  is  provided  Llinsfc  ' 

,?enf  7  ^>r^°^,°^  ^'^r  stmps  under  the  arms  are  5  s- 

pensed  with.  This  valise  costs  less  than  the  former  patterns.  It  is  made 
of  japanned  canvas  and  is  carried  on  the  back  of  the  shoulders,  and  S  so 
arranged  that  it  adapts  itself  to  the  width  of  the  soldier's  shoulders 

^o.n    .Vfl.  \        *^,?^?^^^^  articles  :_Emergency  ration;  towel  and 
.oap;  clothes-brush;  hold-aU  complete;  housewife?  fitted;  pockeried^Si 
one  pair  of  socks;  canvas  shoes;  and  cape  carried  under  the  flap  "  ' 

equTpment  mtertering  with  the  rest  of  the 

he  left  an  entrenching  spade  is  stLJpedf'trCo n  t'tnS^^  ^t'  it" 
-ach  man  also  carries  a  portion  of  a  tent  por,«i-c.f,-r./  f      ^an^mg  over  it. 
pole  in  three  pieces,  three  tent  pe's  anVa  Tord     T^^^^  f/"^^"'.' 
^  about  59-4  as.  *ot^l  ^^^S^^  earned 

The  helmet  is  of  polished  leather  with  spike  and  ornaments  of  brass  •  it 
low,  fits  tightly  on  the  head,  and  is  rather  heavy,    ffis  arm  is  the 
•  Mannhcher "  repeating  rifle.    The  ammimifinn      .v,  arm  is  tJie 

r^rirz*^,  ftr>:«^  -S'- 

de  of  leather  or  pasteboard,  and  to  make  i    nf  tl.f  ^  '  '^'^.^^^^.O' 
•vvested  of  all  unneLsary  ornaments^  "hIMI  T<'le^:^^J^ 

itL,r.^r  r '''''t  '"l^f  i"''"  '-^^d  ^'^^  b«  discharged  in  succes stf 

ne^a^rezt."^  French  infan^rsoldier 

3  s 
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The  Austrian  soldier  carries  his  kit  in  a  cowskin  knapsack  ^^^^l^f 
^r.A       nvPivnflt  and  on  the  back  a  camp  kettle,    ihe  whole  can  oe 

'Ctuctesti  nt  co^  the  ammunition,  and  an  additiona  supply  is 
Iwo  Po^°^^'^^  "°    ^     of  the  same  material  as,  and  immediately  under, 

oiLarhavt^ack  hangs  at  the  left  side,  and  the  entrenching  spade  is 
rapped  toTover  which  again  hangs  the  short  sword-bayonet  by  a  frog 
from  the  wa  slbelt.  For  parade  purposes  he  is  provided  with  a  tunic  and 
X  bur'n  s^^^  in  the  field  he  wears  a  loose  blouse,  with  pockets,  and 
f  field  cap,  with  flaps,  which  can  be  unbuttoned  when  necessary. 

His  a?m  is  the  same  in  every  respect  as  the  German  soldier.    The  total 
^veight  carried  on  service  in  the  field  is  about  60  lb.  _ 

The  Russian  soldier's  equipment  consists  of  a  waist-belt  of  buff  leather 
cnnnortincT  a  pouch  for  30  rounds  on  each  side  of  the  clasp  and  the  Lmne 
3n  tool  on  the  right  side  in  a  case,  handle  downwards     For  the  new 
flr.  tSrd  nouch  suspended  by  a  strap  over  the  right  shoulder  and 
^Sened  tlhf  be    on  the'eft  side!  has  been  introduced.    Suspended  over 
he  r^ht  shoulder  and  hanging  in  rear  of  the  left  buttock  -  -va^-^^^^^^^ 
oanvas  kit  ba^r.    The  wooden  water-bottle  is  also  suspended  over  the  rigM 
Zuldefand  nes  on  the  top  of  the  kit  bag.    The  greatcoat  is  roUed  and 
worn  rounf^^^^^^^       ;  to  the  middle  of  it,  at  the  back,  a  case  contain^g  a 
Zre  X  of  boots  I  affixed,  and  below  that  the  man's  por  ion  of  a  shelter 
Snt  't    the  coat-ends  a  copper  camp  kettle  -  .^^^^f  .^^gf  ^^^^^^^^ 
His  present  Berdan  rifl^  is  being  replaced      the  3-lme  r  fie  1891  pa^^^^^^^^^^ 
In  the  field  his  head-dress  is  a  forage  cap  made  of  black  cloth  with  coloured 
band     Total  weight  carried  is  about  60-75  R.  .      a    r  .^woV^i-.  • 

The  Italian  so!dier  carries  his  equipment  in  a  knapsack  made  o  owskrn^ 
round  it  is  the  greatcoat,  and  his  camp  kettle  is  strapped  at  the  l^^ck-  .^^^ 
wa'st-belt  is  wo?n  under  the  tunic,  the  skirts  of  which  are  but  on^^^  back  ^ 
Sont  to  allow  the  ammunition  pouch  to  protrude  ^  -^^^^^^^^^  ™ 
■on  the  right  side,  the  haversack  and  sword-bayonet  at  tlie  ^^^^  s^«-  J-^ 
■field  a  white  cov^r  is  worn  over  the  ordinary  shako.  His  arm  is  the  ^  itah 
Teneatin<^  rifle.    The  weight  earned  is  about  75  B. 

^  fn  the  Swiss  Army  the  infantry  soldier's  equipment  consists  of  knap- 
.sack  h^versaS  water-bottle,  2  cartridge  pouches,  mess-tm  and  ^^^^-f^l 

•on  service  IS  60  ft.    -^^^^  ^  Q.ggg  i^ch :  the  infantry  of  the  land- 

the  magazine  rifle  M  1889,  calibre  u  zyo  incu,  u  n  071 /7Q  calibre  0-410 
Murm  are  armed  with  the  Vetterh  magazine  rifle,  M  1871/^8,  caiibie 

"'Veights  are  most  easily  borne  when  the  foUowing  points  are  attended 

7.  They  must  lie  as  near  the  centre  of  gravity  as  PO^^i^le  J^^^^^^^^^^^^ 
position  thi  centre  of  gravity  is  between  the  pelvis  and  t^-^^^^^^^^^ 
{isually  midway  between  the  umbihcus  and  pub  s  ^vit  varym^^^     ^  . 
the  position  of  the  body ;  ^.^^  1-/^^^^^^^^^^^  on  thf  head 

-ITJ^TISS  i  ^  cpe  ^  tojrc.  ^nt. 
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gravity  is  displaced,  and,  in  proportion  to  the  added  weight,  occupies  a 
point  more  or  less  distant  from  the  usual  site ;  until,  perhaps,  it  is  so  far 
removed  from  this  that  a  line  prolonged  downwards  falls  beyond  the  feet ; 
the  man  then  falls,  unless,  by  bending  his  body  and  bringing  the  added 
weight  nearer  the  centre,  he  keep  the  line  well  within  the  space  which  his 
feet  cover. 

In  the  distribution  of  weights,  then,  the  first  rule  is  to  keep  the  weight 
near  the  centre ;  hence  the  old  mode  of  carrying  the  soldier's  greatcoat,  viz., 
on  the  back  of  the  knapsack,  was  a  bad  one,  as  it  put  on  weight  at  the 
greatest  possible  distance  from  the  centre  of  gravity. 

2.  The  weights  must  in  no  case  compress  the  lungs,  or  in  any  way 
interfere  with  the  respiratory  movements  and  the  elimination  of  carbon 
dioxide,  or  hinder  the  transmission  of  blood  through  the  lungs,  or  render 
difficult  the  action  of  the  heart. 

3.  No  important  muscles,  vessels,  or  nerves  should  be  pressed  upon.  This 
is  self-evident ;  an  example  may  be  taken  from  the  old  Regulation  pack,  the 
arm-straps  of  which  so  pressed  on  the  axillary  nerves  and  veins  as  to  cause 
numbness,  and  often  swelling  of  the  hands,  which  has  been  known  to  last 
for  twenty-five  hours. 

4.  The  weights  should  be  distributed  as  much  as  possible  over  several 
parts  of  the  body. 

If  we  consider  the  means  made  use  of  by  those  who  carry  great  weights 
we  find  the  following  points  selected  for  bearing  them  :   ' 

1.  The  top  of  the  head.  The  cause  of  this  is  obvious ;  the  weight  is  com- 
pletely in  the  line  of  centre  of  gravity,  and  in  movement  is  kep°t  balanced 
"^""^W,  l^o^^^ever,  very  great  weights  cannot  be  carried  in  this  way. 

2  Tiie  tops  of  the  scapulae,  just  over  the  supra-spinous  fossa  and  ridae 
At  this  pomt  the  weight  is  well  over  the  centre  of  gravity,  and  it  is  also 
diffused  over  a  large  surface  of  the  ribs  by  the  pressure  of  the  scapula 

3.  The  hip  bones  and  sacrum.  Here,  also,  the  weight  is  near  the  centre 
of  gravity,  and  is  borne  by  the  strong  bony  arch  of  the  hips,  the  strongest 
part  of  the  body.  ° 

In  addition,  great  use  is  always  made  of  the  principle  of  balancing  by  those 
who  have  to  carry  great  weights.  The  packman  of  England  used  to  carry 
from  40  to  even  60  R  easily  thirty  miles  a  day  by  taking  the  top  of  the 
scapula  for  the  fixed  point,  and  having  half  the  weight  in  front  of  the  chest 
and  half  behind.  In  this  way  he  still  brought  the  weight  over  the  centre 
oi  gravity.  _  The  same  pomt,  and  an  analogous  system  of  balance,  is  used  bv 
the  milkmaid,  who  can  carry  more  weight  for  a  greater  distance  than  the 
strongest  guardsman  equipped  with  the  old  military  accoutrements  and  pack 

Ihese  points  must  guide  us  in  arranging  the  weights  carried  bv  the 
soldier  The  weight  on  the  head  is,  of  course,  out  of  the  question  We 
have,  therefore  only  the  scapulee,  the  hip,  and  the  principle  of  balance  to 
take  into  consideration  when  carrying  weights. 


WORK  OF  THE  SOLDIER. 


The  work  of  the  soldier  mainly  depends  on  the  branch  of  the  service  to 
which  he  belongs,  and,  therefore,  it  cannot  be  brought  under  one  sreneral 
description.  bo±i.oj.a,j. 

The  artiUery  have  the  hardest  work,  which  comprises  mostly  cleaning 
horses,  guns,  carriages,  and  stables;  the  cavalry  have  very  nearly  the  same 
amoimt  of  work  to  get  through,  although  their  stable  duties  co/sist  neariy 
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altooether  in  looking  after  their  horses,  but  their  movenients  on  parade  are 
more  rapid  and  the  distances  they  cover  are  greater  than  the  artillery 
¥rinf£y  dtles  are  mostly  confined  to  drHls,  marches,  and  fatigue  work 

^ISIhese  duties,  when  not  excessive,  have  a  beneficial  eflect,  but  when 
seve^and  violent  work  has  to  be  done  hurriedly,  the  soldier  is  not  placed 
n  the  samr  favourable  condition  to  carry  out  the  work  as  the  ordinary 
mec  W  would  be  ;  this  is  due  to  the  movement  of  his  body  being  hmited 
^wtg"  irbeing  burdened,  more  or  less,  with  the  weight  of  his  accoutre- 

"'"4L''a'^i-^^^^^^^^^  in  the  physical  development  of  the  soldier,  every 
recrui  is  ordered  to  have  a  three  months'  course  of  gymnastic  trainmg.  The 
exerdses  last  for  one  hour  daily  and  are  in  addition  to  his  ordinary  drill 
Sie  traTni^g  is  superintended  by  a  medical  officer,  who  is  responsible  that  it 
is  done  Zperly,  and  who  has  the  power  to  discontinue  the  exercises  if  the  e 
is  anv  evidence  of  their  acting  injuriously,  the  symptoms  indicating  the 
necessity  for  rest  being  hurried  or  difficult  respiration  and  smaUness 
ineaualitv  or  irregularity  of  the  pulse.  The  infantry  soldier  goes  through 
tS  cou^^^^^  but  in  the  cavalry  fencing  and  sword  exercise  are 

"^DurS  IhVLining  the  men  are  carefully  examined  from  time  to  time 
and  me  sL  mentis  taken  to  ascertain  what  effect  it  has  on  their  Physica 
ana  measureniei  ,  , .      .     ^    ^  that  each  man's  weight  must  be 

development  J^^^^^^^^l  of'each  course  and  oftener  if  there  is  any 
SsTn  to  be  ieveTar^loi  in  body  weight  is  taking  place,  care  being  taken 
?  f  ^ll  Wht  is  recorded  under  the  same  conditions,  as  far  as  possible, 
eact  tte     Men  should  be  weighed  in  their  trousers  only ;  the  early  morn- 

i'Sc^llS^^^^^^  as  regards  chest  measurements,  the 

m  the  Zl^  which  a  soldier  is  called  upon  to  do. 

and  equipment  adds^^^^^  drills  and  marches  the  movements  are  to 

Drills  ^^f^f^^^^'^Thf  ^^^^^^^^       of  "  attention"  is  not  a  secure  one  as 
a  certain  extent  stiH.     J.ne  pubiu  .      pessary  to  maintain 

basis  of  support.  fi-,«  nt^ntrp  nf  oravitv  is  constantly  shift- 

In  marching,  the  attitude  is  stiff ;  tl^^^«^*',^°;Siavity  j,,ovement 

ing  from  one  foot  to  the  other  in  a  c onsh W  va^  'J^l^^^^'e  fatiguing 
which  is  made  ^^^^^y^^:,^:J^  f  cTticIle,  the  order  is 

wHch  tU  is  more  gridual  a.d  not  nearly  s. 
much  loss  of  muscular  strength. 
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In  walking,  tlie  heel  touches  the  ground  first,  and  then  rapidly  the  rest 
of  the  foot,  and  the  great  toe  leaves  the  ground  last.  The  soldier,  in  some 
countries,  is  taught  to  place  the  foot  almost  flat  on  the  ground,  but  this  is  a 
mistake,  as  the  body  loses  in  part  the  advantage  of  the  buffer-like  mechanism 
of  the  heel.  The  toes  are  turned  out  at  an  angle  of  about  30°  to  45°,  and 
at  each  step  the  leg  advances  forward  and  a  little  outward ;  the  centre  of 
gravity,  which  is  between  the  navel  and  the  pubis,  about  in  a  line  with  the 
promontory  of  the  sacrum  (Weber),  is  constantly  shifting.  It  has  been  sup- 
jDosed  that  it  would  be  of  advantage  to  keep  the  foot  quite  straight,  or  to 
turn  the  toes  a  little  in,  and  to  let  the  feet  advance  almost  in  a  line  with 
each  other.  But  the  advantage  of  keeping  the  feet  apart  and  the  toes 
turned  out  is  that,  first,  the  feet  can  advance  in  a  straight  line,  which  is 
obviously  the  action  of  the  great  vasti  muscles  in  front  of  the  thigh ;  and 
second,  when  the  body  is  brought  over  the  foot,  the  turned-out  toes  give  a 
much  broader  base  of  support  than  when  the  foot  is  straight.  The  spring 
from  the  great  toe  may  perhaps  be  a  little  greater  when  the  foot  is  straight 
(although  this  is  doubtful,  and  there  seems  no  reason  why  the  gastrocnemii 
and  solei  should  contract  better  h\  this  position),  but  there  is  a  loss  of  spring 
from  the  other  toes.  Besides  this,  it  has  been  shown  by  Weber  that  when 
the  leg  is  at  its  greatest  length,  i.e.,  when  it  has  just  urged  the  body  forward, 
and  is  lifted  from  the  ground,  it  falls  forward  like  a  pendulum  from  its  own 
weight,  not  from  muscular  action,  and  this  advance  is  from  within  and  behind 
to  without  and  before,  so  that  this  action  alone  carries  the  leg  outwards. 

The  foot  should  be  raised  from  the  ground  only  so  far  as  is  necessary 
to  clear  obstacles.  Formerly,  in  the  Russian  Imperial  Guard,  the  men  were 
taught  to  march  with  a  peculiar  high  step,  the  knee  being  lifted  almost  to  a 
level  with  the  acetabulum.  The  effect  was  striking,  but  the  waste  of  power 
was  so  great  that  long  marches  were  impossible,  and  this  kind  of  marching 
is  now  given  up.  The  foot  should  never  be  advanced  beyond  the  place 
•  where  it  is  to  be  put  down ;  to  do  so  is  a  waste  of  labour. 
In  the  English  Army  the  order  is  as  follows  : — 


Length  and  Number  of  Steps  in  Marching. 


Kind  of  Step. 

Length. 

No.  per  Minute. 

Ground  Traversed 
per  Minute. 

Ground  Traversed 
per  hour  with- 
out Halts. 

Inches. 

Feet. 

Miles. 

Slow  time, 

30 

75 

187i 

2-1 

Quick  time, 

30 

116 

290 

3-3 

Stepping  out,  . 

33 

110 

303^ 

3-4 

Double,  .... 

33 

165 

4531 

5-157 

Stepping  short, 

21 

Side  step. 

13i 

Or  when 

Forming  four  deep,  . 

24 

Stepping  back. 

30 

The  length  of  the  step  of  an  average  soldier  is  27  inches.  It  is  of  great  im- 
portance not  to  lessen  the  length  too  much,  and  it  would  be  very  desirable  to 
have  some  well-conducted  experiments  on  this  point.  The  steps  must  be 
shorter  if  weights  are  carried  than  without  them ;  a  little  consideration  shows 
how  this  is :  When  a  man  walks,  he  lifts  his  whole  body  and  propels  it 
forward,  and  in  doing  so  the  point  of  centre  of  gravity  describes  a  cirQijlar 
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motion,  in  the  form  of  an  arc  about  the  foot.  The  less  the  body  is  raised,  or, 
in  other  words,  the  shorter  the  versed  sine  of  the  arc,  the  less  of  course  the 
labour  In  long  steps  the  arc,  and  of  course  the  versed  sme,  or  height  to 
which  the  body  is  raised,  are  greater ;  in  short  steps,  less.  Weber,  however, 
has  shown  that  the  angle  at  which  the  body  is  bent,  and,  consequently  the 
coefficient  of  resistance,  are  not  affected  by  the  length  of  step,  provided  the 
velocity  remains  the  same.  It  is  probable,  that  with  the  weight  the  soldier 
carries  (60  &),  the  step  of  30  inches  is  quite  long  enough. 

From  some  very  careful  observations  by  Lawson,  during  a  march  of 
the  47th  Eegiment  from  Boyle  to  Naas,  the  length  of  pace  was  found  to 
averao-e  30-41  inches,  the  number  per  minute  being  116  or  117,  and  the 
rate  of  marching  3-34  miles  per  hour.  The  paces  were  frequently  counted, 
and  found  to  range  between  112  and  120  per  minute:  the  length  was 
sometimes  as  much  as  31-38  inches.  The  circumstances  of  the  march  were 
favourable,  but  the  men  were  in  heavy  marching  order,  carrying  60  rounds 

of  ball  cartridge.  . 

In  the  German  Army  the  step  is  31-2  inches,  there  are  112  per  mmute, 
and  the  ground  traversed  is  over  3  miles  an  hour.  In  the  Austro-Hunganan 
Army  the  men  take  120  steps  per  minute,  each  step  being  29  inches;  this 
is  equivalent  to  a  distance  of  from  3-2  to  3-6  miles  per  hour.  In  the 
Italian  Army  the  step  is  practicaUy  the  same.  A  Kussian  soldier  covers 
28  inches  at  each  step,  at  an  average  rate  of  120  per  minute,  or  at  a  speed 
of  2t  miles  per  hour.  . 

In  the  French  Army  the  march  is  commenced  at  120  steps  per  mmute  ; 
then  accelerated  to  125  or  even  135  steps;  during  the  last  half-hour  120 
steps  are  returned  to.  Four  kilometres  ( =  2  J  miles)  per  hour  is  considered 
a  good  general  average  (Laveran). 

The  soldier,  in  this  country,  when  he  marches  in  time  of  peace  m  service 
order,  carries  his  valise,  containing  his  kit,  two  pouches,  haversack,  water- 
bottle,  greatcoat,  gaiters,  mess-tin,  rifle,  and  ammunition.  In  India  He  does 
not  carry  his  valise  or  greatcoat.  . 

There  is  a  very  general  impression  that  the  best  marchers  are  men  ot 
middle  size,  and  that  very  tall  men  do  not  march  so  well. 

Length  of  the  March.— In  "marching  out"  in  time  of  peace,  which  is 
done  once  or  twice  a  week  in  the  winter,  the  distance  is  8  or  10  miles  in 
marching  on  the  route  or  in  war,  the  distance  is  from  10  or  12  miles  to 
occasionally  18  or  20,  but  that  is  a  long  march.  A  forced  march  is  any 
distance-25  to  30,  and  occasionaUy  even  40  miles  being  covered  twenty- 
four  hours.  In  the  French  Army  the  length  of  march  is  from  20  to  2D 
kilometres  (12|  to  15  miles).  In  the  German  Army  the  usual  march  is  U 
miles  (English) ;  if  the  march  is  continuous,  there  is  a  halt  every  ^^^^f^^^J- 
Anything  beyond  this  is  rarely  achieved,  except  occasionally  by  small  bodies 

°  "^Cmditions  rendering  Marches  Sloioer.-T\i^  larger  the  body  of  men  the 
slower  the  march ;  14  miles  will  be  covered  in  six  or  seven  l^o^^s  ^y  Jv.^ 
or  three  regiments  but  not  under  eight  or  nine  hours  by  8000  or  10,000  en 
A  large  army  will  not  go  over  14  miles  under  ten  hours  "«^^^.^y,  ,  f 
regiment  can  do  20  miles  in  eight  hours,  but  a  large  amy  will  take  t.^eh e 
or  fourteen,  including  halts.    Head  winds  greatly  delay  ^^''^^''\m 
strong  wind  acting  on  a  body  of  men  will  cause  a  difference  of  20  to  .5 
per  cent.,  or  only  4  miles  will  be  traversed  instead  of  5-    S  ow  and  rain 
without  head  wind,  delay  about  10  to  15  per  cent.,  or  4j  miles  aie  done 

'''''Duri'ng^marches,  regular  halts  are  necessary  in  order  to  rest  the  muscles, 
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and  to  relieve  tliem  from  continuous  tension.  Lord  Wolseley  recommends  a- 
halt  of  five  to  ten  minutes  every  hour,  and  when  the  march  extends  for  10 
or  12  miles,  to  halt  for  thirty  minutes  when  half-way ;  and  this  appears  to 
be  a  true  economy  of  labour. 

Frequent  short  halts  allow  the  muscles  to  rest,  and  there  is  economy  of 
force  with  less  fatigue  by  working  for  a  short  period  with  a  short  period  of 
rest,  than  by  working  for  a  long  period  with  only  one  period  of  rest. 

In  tropical  countries  the  time  of  marching  should  be  so  arranged  that,  if 
possible,  the  sun  should  not  fall  on  the  backs  of  the  men.  Tliis  can  usually 
be  avoided  by  using  the  early  morning  hours  for  the  march. 

Night  marches  should  rarely  be  resorted  to.  In  the  tropics  the  soldier 
cannot  sleep  during  the  day  in  tents,  and  marching  at  night  destroys -the- 
only  rest  available.  All  experience  shows  that  night  marches  sap  men's, 
strength  and  fiU  the  hospitals  ;  this  time  should  be  utilised  for  the  purpose-, 
for  which  nature  intended  it.  The  early  morning  hours  are  the  best ;  men 
appear  to  traverse  the  ground  easier  and  to  feel  the  fatigue  less. 

When  the  distance  covered  is  over  15  or  16  miles,  men  should  halt  for' 
dinner,  and  have  an  evening  meal  on  reaching  camp.  Marches  should  not 
be  too  long  prolonged,  especially  at  first ;  regular  halts  should  be  arranged 
for,  and  at  least  on  one  whole  day  during  the  week,  with  a  short  march  on 
one  other  day.  The  other  rules  are  simple  :  ample  food,  good  water,  and 
Hghten  and  adjust  the  loads  a  man  has  to  carry  in  every  possible  way.  No- 
spirit  ration  is  necessary,  and  none  should  be  allowed. 

If  a  malarious  tract  of  country  has  to  be  crossed,  this  should  be  done  ia 
a  temperate  climate  in  the  daytime,  and  in  the  tropics  in  the  afternoon. 
The  danger  of  malaria  is  greater  in  the  very  early  morning  than  at  any  other 
time,  and  when  the  march  can  be  accomplished  without  a  halt  this  should 
be  done.  If  the  distance  is  too  great,  and  a  halt  is  necessary,  a  dose  of  quinine 
may  be  given,  and  the  men  cautioned  against  exposing  themselves  to  the 
early  morning  air  more  than  is  necessary.  Before  leaving  camp  the  men. 
should  have  a  good  ration  of  bread,  with  coffee  or  cocoa.  The  men  should 
start  on  the  march  at  "  quick  time,"  and  in  the  most  open  order,  for  if  the 
ranks  close  up  the  temperature  mounts  up,  and  the  air  is  vitiated  with  the 
products  of  respiration  and  transpiration. 

If  the  march  is  a  continuous  one  and  in  a  tropical  country,  men  should 
be  allowed  to  unbutton  their  coats,  and  be  relieved  from  all  superfluous, 
weight.  Good  water  or  cold  tea  should  be  provided,  as  any  deficiency  in 
the  supply  of  fluids  will  obviously  diminish  perspiration,  and  the  temperature 
of  the  body  will  rise.  The  effete  matters  removed  by  free  perspiration  will 
be  retained,  and  a  condition  favouring  heat-stroke  established. 

On  the  march  in  a  tropical  climate,  the  heat  developed  within  the 
system  must  be  dissipated  by  transpiration  and  respiration  in  order  tO' 
preserve  the  normal  temperature  of  the  body.  The  soldier  starts  at  a 
disadvantage;  he  is  loaded  with  his  kit  and  armament,  so  that  in 
addition  to  the  muscular  fatigue  and  extra  work  done  in  carrying  these, 
the  result  of  exercise  under  such  conditions  is  that  he  is  bathed  in 
perspiration,  which  actually  causes  a  loss  of  water  from  the  system,  without, 
a  commensurate  lowering  of  body-heat.  If  the  atmosphere  is  moist,  this, 
further  interferes  with  evaporation ;  or  the  want  of  water  to  replace  that 
lost  by  excessive  perspiration  may  cause  the  skin  speedily  to  become  dry. 
From  this  we  see  that  the  suppression  of  evaporation  consequent  on  a 
deficient  water-supply  causes  the  temperature  to  rise  and  favours  the 
occurrence  of  heat-stroke. 

For  the  same  reason  on  the  march  the  order  should  be  "  open  order." 
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Nothing  fatigues  men  more  than  keeping  "  close  order  " ;  evaporation  is 
checked,  the  temperature  in  the  ranks  goes  up,  and  with  it  the  body  tem- 
perature. Without  ventilation  through  the  ranks  the  air  becomes  foul, 
owing  to  the  giving-off  of  organic  matter  and  watery  vapour. 

At  the  end  of  a  march  men  should  be  dismissed  from  parade  as  soon  as 
possible,  so  as  to  avoid  inducing  further  fatigue.  On  being  dismissed,  they 
should  wash  their  feet  and  change  their  socks ;  this  is  the  best  preventative 
against  footsoreness. 

Duties  of  Medical  Officers  during  Marches. — Before  commencing  the 
march,  order  all  men  with  sore  feet  to  report  themselves.    See  that  all  the 
men  have  their  proper  kits,  neither  more  nor  less.   Every  man  should  be  pro- 
vided with  a  water-bottle  to  hold  not  less  than  a  pint.    Inspect  halting- 
grounds,  if  possible  ;  see  that  they  are  perfectly  clean,  and  that  everything  is 
ready  for  the  men.     In  India,  on  some  of  the  trunk  roads  there  are  regular 
halting-grounds  set  apart.   The  conservancy  of  these  should  be  very  carefully 
looked  to,  else  they  become  nothing  but  foci  for  disseminating  disease.  If 
there  are  no  such  places,  halting-grounds  are  selected.    It  should  be  a  rule 
never  to  occupy  an  encamping  ground  previously  used  by  another  corps  if  it 
can  be  avoided ;  this  applies  to  all  cases.    Select  a  position  to  Avindward  of 
such  an  old  camp,  and  keep  as  far  as  possible  from  it.    The  encampments 
of  the  transport  department,  elephants,  camels,  bullock  carts,  &c.,  must  be 
looked  to, — they  often  are  very  dirty  :  keep  them  to  leeward  of  the  camp, 
not  too  near,  and  see  especially  that  there  is  no  chance  of  their  contaminating 
streams  supplying  drinking  water.    If  the  encampment  is  on  the  banks  of  a 
stream,  the  proper  place  for  the  native  camp  and  bazaar  will  always  be  lower 
down  the  stream,    A  medical  officer,  if  he  can  be  spared,  should  be  sent  for- 
Avard  for  this  purpose  with  an  executive  officer.   Advise  on  length  of  marches, 
halts,  &c.,  and  draw  up  a  set  of  plain  rules  to  be  promulgated  by  the  com- 
manding officer,  directing  the  men  how  to  manage  on  the  march  if  exposed 
to  great  heat  or  cold,  or  to  long-continued  exertion,  how  to  purify  water,  clean 
their  clothes,  &c.    If  the  march  is  to  last  some  time,  and  if.  halts  are  made 
for  two  or  three  days  at  a  time,  write  a  set  of  instructions  for  ventilating 
and  cleaning  tents,  regulation  of  latrines,  &c. 

Inspect  the  breakfast  or  morning  refreshment ;  see  that  the  men  get  their 
coffee,  &c.  On  no  account  approve  of  the  issue  of  a  morning  dram,  either 
in  malarious  regions  or  elsewhere.  Inspect  the  water-casks,  and  see  them 
properly  placed,  so  that  the  men  may  be  supplied;  inspect  some  of  the 
men,  to  see  that  the  water-bottles  are  full.  March  in  rear  of  the  regiment 
so  as  to  take  cognisance  of  all  the  men  that  fall  out,  and  order  those  who 
cannot  march  to  be  carried  in  waggons,  dhoolies,  &c.,  or  to  be  relieved  of 
their  packs,  &c.    The  medical  officer  ^vith  a  regiment  should  always  be  m 

the  rear.  ,    ,  ,        ,  j   r       i  « 

Special  orders  should  be  given  that,  at  the  halt,  or  at  the  end  of  the  day  s 
march,  the  heated  men  should  not  uncover  themselves.  They  should  take 
off  their  pack  and  belts,  but  keep  on  the  clothes,  and,  if  very  hot,  should 
put  on  their  greatcoats.  The  reason  of  this  (viz.,  the  great  danger  of  chill 
after  exertion)  should  be  explained  to  them. 

At  the  end  of  the  march  inspect  the  footsore  men.  Footsoreness  is 
oeneraUy  a  great  trouble,  and  frequently  arises  from  faulty  boots,  undue 
pressure,  chafing,  riding  of  the  toes  from  narrow  soles,  &c.  Kubbmg  tlie 
feet  with  tallow,  or  oil  or  fat  of  any  kind,  before  marching,  is  a  common 
remedy.  In  the  late  war  the  Germans  found  tannin  very  useful,— they 
used  an  ointment  of  one  part  of  tannin  to  twenty  parts  of  zmc  ointment. 
A  good  plan  is  to  dip  the  feet  in  very  hot  water,  before  starting,  tor  a 
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minute  or  two ;  wipe  them  quite  dry,  then  rub  them  Avith  soap  (soft  soap  is 
the  best)  till  there  is  a  lather ;  then  put  on  the  stocking.  At  the  end  of  the 
day,  if  the  feet  are  sore,  they  should  be  wiped  with  a  wet  cloth,  and  rubbed 
with  tallow  and  spirits  mixed  in  the  pabn  of  the  hand  (Galton).  Pedestrians 
frequently  use  hot  salt  and  water  at  night,  and  add  a  little  alum.  The 
German  soldiers  use  Pulvis  salicylicus  cum  Talco  (German  Pharmacopoeia)  ; 
this  is  salicylic  acid  3  parts,  wheaten  starch  10  parts,  talc  87  parts  ;  mix  to 
a  fine  powder  ;  it  is  applied  daily  on  the  march  ;  in  garrison  every  two  or 
three  days.  Sometimes  the  soreness  is  owing  simply  to  a  bad  stocking ;  this 
is  easily  remedied.  Stockings  should  be  frequently  washed,  then  greased. 
The  German  troops  use  no  stockings,  but  rags  folded  smooth  over  the  feet. 
The  French  use  no  stockings,  but  this  is  not  a  good  plan.  Very  often  sore- 
ness is  owing  to  neglected  corns,  bunions,  or  in-growing  nails. 

Frequently  men  fall  out  on  the  march  to  empty  the  bowels;  the  frequency 
with  which  men  thus  lagging  behind  the  column  were  cut  off  by  Arabs  led 
the  French  in  Algeria  to  introduce  the  slit  in  the  Zouave  trousers,  which 
require  no  unbuckHng  at  the  waist,  and  take  no  time  for  adjustment. 

At  a  long  halt,  if  there  is  plenty  of  water,  the  boots  and  stockings  should 
be  taken  off  and  the  feet  weU  washed ;  even  wiping  with  a  wet  towel  is 
very  refreshing.  The  feet  should  always  be  washed  at  the  end  of  the  march 
and  dry  stockings  jnit  on. 

Occasionally  men  are  much  annoyed  with  chafing  between  the  nates  or 
inside  of  the  thighs.  Sometimes  this  is  simply  owing  to  the  clothes,  but 
sometimes  to  the  actual  chafing  of  the  parts.  Powders  are  said  to  be  the 
best — flour,  oxide  of  zinc,  and,  above  all,  it  is  said,  fuller's  earth.  Absolute 
cleanliness  is  here  of  the  first  importance. 

If  blisters  form  on  the  feet  the  men  should  be  directed  not  to  open  them 
during  the  march,  but  at  the  end  of  the  time  to  draw  a  needle  and  thread 
through ;  the  fluid  gradually  oozes  out.  All  footsore  men  should  be  ordered 
to  report  themselves  at  once. 

Sprains  are  best  treated  with  rags  dipped  in  cold  water,  or  cold  spirit  and 
water  with  nitre,  and  bound  tolerably  tight  round  the  part.  Rest  is  often 
impossible.    Hot  fomentations,  when  procurable,  will  relieve  j)ain. 

Marches,  especially  if  hurried,  sometimes  lead  men  to  neglect  their 
bowels,  and  some  trouble  occurs  in  this  way.  As  a  rule,  it  is  desirable  to 
avoid  purgative  medicines  on  the  line  of  march,  but  this  cannot  always  be 
•done ;  they  should,  however,  be  as  mild  as  possible. 

Robert  Jackson  strongly  advised  the  use  of  vinegar  and  water  as  a  refresh- 
ing beverage,  having  probably  taken  this  idea  from  the  Romans,  who  made 
vinegar  one  of  the  necessaries  of  the  soldier.  It  was  probably  used  by  them 
as  an  anti-scorbutic  ;  whether  it  is  very  refreshing  to  a  fatigued  man  seems 
uncertain. 

There  is  only  one  occasion  when  spirits  should  be  issued  on  a  march ; 
this  is  on  forced  marches,  near  the  end  of  the  time,  when  the  exhaustion  is 
great.  A  little  spirit,  in  a  large  quantity  of  hot  water,  may  then  be  useful, 
but  it  should  be  used  only  on  great  emergency.  Warm  beer  or  tea  is  also 
good ;  the  warmth  seems  an  important  point.  Ranald  Martin  and  Parkes 
tell  us  that  in  the  most  severe  work  in  Burmah,  in  the  hot  months  of  April 
and  May,  and  in  the  hot  hour  of  the  day,  warm  tea  was  the  most  refreshing 
beverage.  Travellers  in  India,  and  in  bush  travelling  in  Australia,  have  said 
there  was  nothing  so  reviving  as  warm  tea.  Chevers  mentions  that  the  juice 
of  the  country  onion  is  useful  in  lessening  thirst  during  marches  in  India, 
and  that  in  cases  of  heat  stroke,  the  natives  use  the  juice  of  the  unripe 
mango  mixed  with  salt. 
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Music  on  the  march  is  very  invigorating  to  tired  men.  Singing  should 
also  be  encouraged  as  much  as  possible. 

The  Effects  of  Military  Service.— The  influence  of  the  various  condi- 
tions of  military  life  is  shown  by  the  records  of  sickness  and  mortaUty,  and 
these  should  be  noted  in  the  various  stations. 

The  recruit  having  entered  the  ranks,  begins  his  service  at  home,  and  he 
is  kept  at  his  dep6t  for  some  time.  He  should  not  go  on  foreign  service 
until  he  has  completed  his  twentieth  year  of  age.  We  should  suppose  his 
life  would  be  a  healthy  one.  It  is  a  muscular,  and,  to  a  certain  extent,  an 
open-air  life,  yet  without  great  exposure  or  excessive  labour ;  the  food  is 
.good  the  lodging  is  excellent,  and  the  principles  of  sanitation  of  dweUings 
are  carefully  practised.  There  is  a  freedom  from  the  pecuniary  anxiety 
which  often  presses  so  hardly  on  the  civil  artisan,  and  m  illness  the  soldier 
receives  more  immediate  and  greater  care  than  is  usual  m  the  class  from 

which  he  comes.  i   +-u  • 

There  are  some  counterbalancing  considerations.  In  a  barrack  tliere  is 
great  compression  of  the  population,  and  beyond  a  doubt  the  soldier  has 
greatly  suffered,  and  even  now  suffers,  though  to  a  far  less  extent  than  at 
any  previous  time,  from  the  foul  air  of  barrack  rooms.  This  is  a  danger 
greatly  lessening,  owing  to  the  results  of  the  work  of  the  Barrack  Improve- 
ment Commissioners,  and,  as  is  proved  by  the  experience  of  some  convict 
jails,  can  be  altogether  avoided.  j.   •    ^      ^     -4.  • 

Among  the  duties  of  the  soldier  is  some  amount  of  night-work ;  it  is 
certain  that  this  is  a  serious  strain,  and  the  Sanitary  Commissioners, 
therefore,  inserted  in  the  Regulations  for  the  Medical  Services  an  order 
that  the  number  of  nights  in  bed  should  be  carefully  reported  by  medical 
officers.  Lord  Eoberts  has  called  marked  attention  to  the  injurious  effects 
of  night  duty  and  "sentry-go."  Commanding  officers  should  be  informed 
how  seriously  the  guard  and  sentry  duties,  conducted  as  they  are  m  fuU 
dress,  teU  on  the  men  if  they  are  too  frequent.  One  guard-day  m  five 
is  quite  often  enough,  and  at  least  four  nights  in  bed  should  be  secured 
to  the  men.  Exposure  during  guard,  and  transition  of  temperature  on 
passing  from  the  hot  air  of  the  guard-room  to  the  outside  air,  are  also 
causes  of  disease.  The  weights  and  accoutrements  are  heavy  but  the 
valise  equipment  recently  introduced  has  removed  the  evil  ot  tlie  oia 

^""The^habits  of  the  soldier  are  unfavourable  to  health;  in  the  infantry, 
especially,  he  has  much  spare  time  on  his  hands  and  «  presses  on  him 
I^nui  isf  in  fact,  the  great  bane  of  armies,  though  it  is  less  in  our  own  han 
in  many  others.    It  is  said  to  weigh  heavily  on  the  ^^erman  the  ^^^^^^^^ 
and  even  on  the  French  Army.    Hence,  indeed,  part  ^fj^l^^/^f  ^^^^f 
and  one  of  the  dangers  of  large  standing  armies,  ^^e  avoid  i   m  part  by 
our  frequent  changes  of  place,  and  our  colonial  and  Indian  service ,  but  not 
Z  les'  both  at  home  an'd  abroad  do  idleness  -d  «^^ 
evils,  lead  the  soldier  into  habits  which  sap  his  health.    Not  ^^^^f  J  ^^^^^^^^^^^^^ 
smoking,  drinking,  and  debauchery,  but  in  the  ^^^^'^'^^^''}'^^^^^^^ 
have  to  be  combatk  Much  is  now  being  done  by  ^^tabhslnng  read^^^^^^^^ 
trades,  industrial  exliibitions,  &c.,  and  by  the  encouragemen  oU^^^^^^  spoit. 
to  occupy  spare  time,  and  already  good  results  have  Fodu^ed.^^^^ 

The  establishment  of  trades,  especially,  which  will  not  o^ly  "^^^^^  f^^ 
soldier  but  benefit  him  pecuniarily,  is  a  - /^^/^  ^w^^  ^ 
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establishment  of  trades ;  and  the  system,  after  long  discussion  and  many- 
reports,  is  now  being  tried  in  England. 

One  of  the  proofs  of  ability  for  command  and  administration  is  the  power 
of  occupying  men,  not  in  routine,  but  in  interesting  and  pleasant  work,  to 
such  an  extent  that  rest  and  idleness  may  be  welcomed  as  a  change,  not  felt 
as  a  burden.  Constant  mental  and  much  bodily  movement  is  a  necessity 
for  aU  men ;  it  is  for  the  officers  to  give  to  their  men  an  impulse  in  the 
proper  direction. 

The  last  point  which  probably  makes  the  soldier's  life  less  healthy  than  it 
would  otherwise  be  is  the  depressing  moral  effect  of  severe  and  harassing 
discipline.  In  our  OAvn  army  in  former  years  it  is  impossible  to  doubt  that 
discipline  was  not  merely  unnecessarily  severe  but  was  absolutely  savage. 
An  enlightened  pubHc  opinion  has  gradually  altered  this,  and  with  good 
commanding  officers  the  discipline  of  some  regiments  is  probably  nearly 
perfect,  that  is  to  say,  regular,  systematic,  and  unfailing,  but  from  its  very 
justice  and  regularity,  and  for  its  judiciousness,  not  felt  as  irksome  and 
oppressive  by  the  men. 

It  is  by  no  means  easy  to  say  whether  soldiers  enjoy  as  vigorous  health  as 
the  classes  from  which  they  are  drawn ;  the  comparison  of  the  number  of 
sick,  or  of  days'  work  lost  by  illness  by  artisans,  cannot  be  made,  as  soldiers 
often  go  into  hospital  for  slight  ailments  which  will  not  cause  an  artisan  to 
give  up  work.  The  comparative  amount  of  mortality  seems  the  only  avail- 
able test,  though  it  cannot  be  considered  a  very  good  one. 

The  effects  of  military  service  in  the  tropics  both  in  times  of  peace  and 
war  is  a  subject  which  demands  the  serious  attention  of  medical  officers. 
The  experiences  of  the  British  Army  in  India,  and  the  United  States  Army 
in  the  Philippines,  afford  much  useful  information  on  the  results  of  service 
in  tropical  coimtries.  The  histories  of  both  armies  bring  out  the  fact  that 
the  incidence  of  disease  falls  on  the  abdominal  rather  than  on  the  thoracic 
viscera. 

With  reference  to  service  in  India,  and  looking  to  the  admissions  and 
deaths  from  all  diseases,  we  find  that  recent  arrival,  that  is,  service  iinder 
one  year,  appears  to  be  the  most  important  factor,  especially  as  regards 
enteric  fever. 

As  regards  diseases  generally,  the  figures  show  comparatively  small 
differences  which  might  be  partially  accounted  for  on  the  supposition  that 
the  young  soldier  neglects  to  take  care  of  himself  in  the  tropics ;  with 
gradually  increasing  service  he  is  better  able  to  adapt  himself  to  liis  changed 
circumstances.  But  as  regards  enteric  fever,  the  differences  between  the 
first  and  later  years  of  service  are  so  marked  that  other  influences  must 
also  be  at  work.  Undoubtedly  one  of  the  most  important  influences  is  the 
age  at  which  the  soldier  is  sent  on  tropical  service.  Reference  to  the  later 
official  returns  shows  that  91  "5  admissions  per  1000  of  strength  occur  under 
one  year  of  service,  with  a  mortality  of  24'3  per  1000  of  strength, 
while  only  38  admissions  and  9-8  deaths  per  1000  of  strength  occur  during 
the  first  and  second  years  of  service. 

Dysentery  and  diarrhoea  cause  a  large  number  of  admissions  to  hospital ; 
the  former  disease  during  the  years  1888-97  caused  admissions  at  the  rate 
of  28-5  and  deaths  O'TS  per  1000  of  strength,  and  during  1898,  29*8 
admissions  and  0'81  deaths  per  1000  of  strength.  In  1897  and  in  1898 
diarrhoea  caused  25 '7  admissions  in  each  year,  and  0'03  deaths  in  the 
former,  and  0'05  deaths  in  the  latter  year  per  1000  of  strength. 

The  seasonal  prevalence  and  range  of  enteric  fever  in  India  and  in 
the  tropics  generally  is  especially  interesting,  and  indicates  the  influence  of 
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humidity  and  other  climatic  conditions  on  the  prevalence  of  this  disease. 
In  Bombay  where  the  climate  is  moist  and  the  temperature  hardly  fluctuates 
from  the  mean  summer  temperature  for  many  months  of  the  year,  the 
maximum  prevalence  is  in  August,  and  corresponds  closely  to  the  period  of 
maximum  prevalence  in  subtropical  and  temperate  climates ;  the  same  holds 
oood  for  the  Madras  Command,  the  greatest  prevalence  of  the  disease 
occurring  in  the  same  month  ;  in  Madras  the  climatic  conditions  closely 
approximate  to  those  of  Bombay,  being  influenced  by  an  excess  of  humidity. 
On  the  other  hand,  in  the  Bengal  and  Punjab  Commands,  which  more 
closely  resemble  the  true  tropical  zone,  and  where  the  hot  weather  season  is 
distinctly  marked  out,  we  find  the  months  of  greatest  prevalence  to  be  the 
begimiing  of  the  hot  and  dry  season,  namely  in  the  months  of  April  and 
May. 

The  fact  that  enteric  fever  follows  closely  on  intestinal  affections  is  well 
shown  in  the  history  of  the  later  wars  in  which  the  British  Army  has  been 
engaged,  as  well  as  in  those  of  the  United  States.  In  the  Chitral  Relief 
Force,  from  March  to  October  1895,  the  admissions  for  dysentery  were  220  per 
1000  of  strength,  and  the  death  rate  7-8  per  1000,  while,  during  the  same 
period,  the  admission  rate  for  enteric  fever  was  127  per  1000  of  strength, 
and  the  mqrtality  36-6  per  1000.  In  the  Tirah  Expeditionary  Force  (June 
1897  to  April  1898)  the  ratio  of  admissions  per  1000  of  strength  for 

.  dysentery  was  105-2  and  the  death  rate  9-81 ;  enteric  fever  gave  an 
admission  rate  of  6-9  per  1000  of  strength,  and  a  death  rate  of  1-72.  In  the 
Nile  Expeditionary  Force  (January  to  October  1898)  the  admissions  per 
1000  of  annual  average  strength  for  dysentery  were  165-2  and  the  death 
rate  4-56,  while  the  cases  of  enteric  fever  gave  an  admission  rate  of  85-2 
per  1000  of  strength,  and  a  mortality  of  23-65. 

The  same  sequence  of  events  followed  on  the  war  of  the  United  States 

.  Army  in  the  PMlippines.  The  cases  of  enteric  fever  Avere  few  as  compared 
with  those  of  diarrhoea  and  dysentery,  but  the  percentage  of  deaths  to  cases 
was  considerably  greater.  During  the  period  of  eighteen  months  this  fever 
caused  a  mortality  equal  to  an  annual  rate  of  4-0  per  1000  of  strength.^ 

The  predisposing  factors  of  these  intestinal  diseases  are  the  same  in  all 
campaigns,  viz.  : — exhaustion,  chill,  bad  water,  and  an  ill  arranged  dietary. 
The  general  exhaustion  which  follows  on  service  in  the  tropics  reduces 
resistance  to  every  disease,  and  destroys  the  natural  immunity  which  exists 
under  favourable  climatic  conditions  in  every  individual.  Indirectly  these 
diseases  are  aggravated  by  the  alternate  heat  and  rains  of  tropical  climates, 
as  well  as  by  the  lowering  of  the  vital  powers  consequent  on  heat  exhaustion 
which  is  so  frequently  developed  among  soldiers  during  active  operations  in 
hot  climates.  These  effects  are  best  guarded  against  by  the  avoidance  of 
exhausting  work  in  the  heat  of  the  day  and  of  exposure  to  chill,  combined 
with  a  careful  dietary. 

The  experience  gathered  from  the  occupation  of  Cuba  by  the  United 
States  Army  has  led'  the  military  authorities  of  the  Republic  to  observe 
that  material  modifications  should  be  made  in  the  necessities  of  food, 
clothing  and  shelter  in  order  to  conserve  the  health  of  troops  stationed 
within  the  tropics. 

In  the  matter  of  food,  the  meat  ration  should  be  reduced  from  that 
regularly  used  in  northern  climates,  and  a  much  larger  proportion  of  the 
lighter  foods— fish,  fruits,  and  cereals— be  furnished  instead.  In  the 
matter  of  clothing,  it  should  be  serviceable  and  should  meet  the  conditions 
of  the  climate.  Heavy  clothing  is  inadmissible  ;  bluish  grey  serge  is  recom- 
mended as  possessing  excellent  wearing  properties  in  connection  with  light 
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weight.  Next  to  this,  white  or  grey  duck  or  linen-  drill  would  answer  the 
purpose,  with  helmets  covered  with  the  same  material,  and  the  men  should  be 
allowed  to  wear  straw  hats.  With  reference  to  the  men's  quarters,  two  things, 
are  of  first  importance,  viz.  : — that  the  floors  on  which  the  men  sleep  should 
be  raised  above  the  ground,  and  ample  shade  from  the  sun  provided.  In 
the  tropics,  the  three  great  enemies  to  health  are  the  sun,  the  earth,  and  the 
night  air.  Ample  shade  and  shelter  are  essential  in  any  barrack,  and  these 
can  be  best  effected  by  the  use  of  a  double  roof  to  the  quarters,  with  broadly 
projecting  eaves  shading  the  interior  and  furnishing  porches  or  verandahs- 
10  or  12  feet  in  width  on  all  sides.  The  use  of  alcohol  or  intoxicating 
drinks  of  any  kind  in  the  tropics  conduces  to  attacks  from  disease,  and 
the  practice  of  the  natives  in  this  respect  can  be  considered  with  advantage^ 
They  are,  as  a  rule,  extremely  temperate,  if  not  entirely  abstemious,  using 
the  smallest  possible  amount  of  wine  or  intoxicant,  and  avoiding  heavy 
feeding. 


ARMY  STATISTICS. 

These  are  intended  to  show  the  effect  of  military  life  and  the  influence' 
of  service  in  various  countries  and  under  different  conditions  of  cjlimate. 

Statistics  of  army  disease  and  mortality  were  first  commenced  after  the- 
close  of  the  Peninsular  War,  but  these  were  issued  at  long  and  irregular' 
intervals.  They  gave  much  information  with  regard  to  the  topography  and 
cHmate  of  various  stations,  but  the  advent  of  the  Crimean  War  put  a  stop  to- 
any  further  issue  for  a  time. 

In  1859  they  were  again  pubhshed,  and  since  that  year  have  been  issued 
annually.  These  returns  show  the  amount  of  loss  the  army  incurs  annually 
from  disease,  not  only  for  the  army  as  a  whole,  but  for  each  particular  arm 
of  the  service,  as  Avell  as  for  each  station  or  command  at  home  and  abroad. 

In  order  that  the  results  may  be  compared  with  those  taken  from  the  civil 
population  as  well  as  those  given  in  previously  pubhshed  medical  statistics 
It  IS  necessary  that  the  classification  shall  be  as-  far  as  possible  uniform  '- 
for  this  purpose  the  official  Nomenclature  of  Diseases,  prepared  by  the'^ 
Royal  College  of  Physicians  of  London,  is  adopted  for  the  British  Army 
Returns. 

Unfortunately,  owing  to  different  classifications  being  adopted  in  different 
countries,  it  is  not  always  possible  to  compare  the  sickness  and  mortahty  for 
special  diseases  occurring  in  different  armies.  The  Committee  on  Inter- 
national MiUtary  Medical  Statistics  which  recently  (1894)  met  at  Buda- 
Pesth,  have  formulated  a  scheme  which  it  is  hoped  will  be  adopted  by  the- 
various  Governments  and  which  will  overcome  in  a  great  measure  the 
difficulties  army  statisticians  have  hitherto  had  to  contend  with.  This, 
scheme  will  undoubtedly  lead  to  a  common  basis  for  comparison  beino- 
adopted,  and  will  be  the  means  of  affording  a  lai-ge  amount  of  information 
hitherto  not  available.  But  little  information  is  gained  by  recording  the 
statistics  of  disease  as  a  tohole  :  the  most  important  factor  dealing  with  army 
statistics  is  age,  for  unless  the  mortality  is  given  by  age-groups  it  is  im- 
possible to  compare  the  effects  of  military  service  with  those  relatino-  to  the. 
civil  population.  The  special  points  to  be  determined  with  reference  to. 
Army  Statistical  Reports  are  as  follows  : — 

(1)  The  number  of  admissions  to  hospital  as  compared  with  the  number  of 
persons  furnishing  the  sick. 

This  is  obtained  by  taking  the  numbers  of  the  body  furnishino-  the  sick 
(the  strength  of  the  regiment  or  command)  and  the  sick,  md  reducing  botk 
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to  a  comparable  standard  :  thus  a  regiment  1080  strong  furnishes  23  sick  in 
&  week ;  reduce  this  to  a  percentage  or  per  1 000  : — 

23  X  100^2-13  per  cent,  or  21-3  per  1000. 
108U  ^ 

Of  course  the  numbers  furnishing  the  sick  are  constantly  reduced  by  the 
sick  entering  hospital ;  as  a  rule,  an  equivalent  number  usually  leave  hospital ; 
if  the  numbers  are  very  different,  a  calculation  must  be  made  to  equalise  them. 

It  is  always  desirable  to  express  what  would  be  the  admissions  in  a  year 
into  hospital,  supposing  that  the  strength  remained  the  same,  and  furnished 
every  week  the  same  number  of  sick.  This  result  is  obtained  by  taking  the 
daily  admission  per  1000  and  multiplying  by  365.  In  this  case  =  1109  per 
1000.  Therefore,  the  whole  regiment,  or  what  would  be  equivalent  to  it, 
would  pass  through  the  hospital  if  23  men  were  admitted  weekly. 

There  are  here,  of  course,  3  variables — 

(a)  The  successive  days  or  weeks. 

(b)  The  strength  of  the  regiment. 

(c)  The  number  of  sick. 

But  to  simplify  matters,  it  is  sufficient  to  take  the  first  and  last,  and  to 
leave  out  the  varying  strength,  unless  this  is  considerable. 

The  admissions  into  hospital  are  advantageously  considered  from  the 
point  of  view  of  age,  to  show  whether  the  younger  or  the  older  men  are 
.-suffering  most.  For  this  we  require  to  know  the  number  of  men  in  the 
ffegiment  at  every  age  : — 

18  to  20  years.  28  to  30  years. 

20     22    „  30  „  35  ,, 

22  „  24  35  „  40  „ 

24  „  26  40  „  50  „ 

26  „  28 

Then  reduce  to  a  comparable  standard. 

As  the  number  of  men  at  a  given  age  are  to  the  number  of  sick  at  that 
.age,  so  is  1000  for  example.  Supposing  that  between  the  ages  of  twenty  to 
;twenty-two  there  are  163  healthy  men  furnishing  22  sick  in  one  week, 
■while  between  the  ages  of  twenty-six  to  twenty-eight  there  are  115  men 
iurnishing  7  sick,  then, 

?2iil000^134.9per  1000, 
163 

:and  ^l^°  =  60-8  per  1000; 

115 

•therefore,  the  younger  men  are  more  than  twice  as  sickly  as  the  older  ones. 

(2)  The  deaths  in  hospital  must  be  considered,  as  compared  with  the 
number  of  cases  treated.  In  a  given  time  we  have  to  state — How  many 
persons  have  been  treated  1  How  many  have  died  1  and  then  to  reduce  this 
to  a  comparable  standard.  To  get  the  number  of  persons  treated,  we  may 
adopt  several  ways. 

(a)  Take  half  of  the  cases  admitted  and  discharged.  Supposing  in  one 
week  40  cases  were  admitted  and  10  discharged,  then  40  -1- 10  =  50  -f-  2  =  25, 
the  average  number  treated. 

(b)  This  same  result  may  be  obtained  in  another  way.  Supposing  we 
liave  in  hospital — 

30  Remained,   call  that  R 

40  Admitted,   A 

60  Remaining,   i>  ^ 

10  Died  or  discharged,   .       .       .       -  D 
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Then  to  get  the  average  sick  treated  in.  the  time,  add  half  the  remained  to 
the  admissions  and  deduct  half  the  remaining  : — 

r>  T 

A  +  —  -  —  =  number  treated, 
2  2 

A  =  40  +  ?^-55-^  =  25; 
2  2 

or,  deduct  from  the  discharged  half  the  remained  and  add  half  the 
remaining : — 

10-3^  +  ^  =  25. 
2  2 

Then  reduce  the  mortality  to  a  comparable  standard.  Supposing  in  a 
hospital  557  are  admitted  and  237  are  discharged  in  a  given  time,  say  63 
days,  then  557  +  237  =  794  2  =  397  cases  treated  in  the  time  in  which  the 
mortality  is  to  be  calculated.  Then  supposing  that  the  mortality  has  been 
15,  reduce  this  to  a  percentage  or  per  1000  : — 


1  f)  V 1  on 

'^^^^  =  S-78  per  cent.,  or  37-8  per  1000. 


To  make  this  still  more  intelligible,  let  us  reduce  it  to  a  uniform  time, 
say,  as  given  above,  63  days ;  then  if  the  mortality  continued,  let  us  see 
what  it  would  be  in  a  year : — 

365  x37*8  om 

 —  =219  per  1000  ; 

63 

that  is,  if  instead  of  397  men  only,  1000  had  been  in  hospital  constantly, 
219  would  have  died  in  a  year  if  the  mortality  had  been  the  same  as  in 
the  63  days. 

Instead  of  the  cases  treated,  the  sick  ^population  may  be  taken ;  that  is, 
the  number  of  patients  in  hosjaital  on  each  day  as  an  average. 

To  get  the  sick  population  add  the  numbers  put  down  as  remaining  on 
each  day  or  on  each  week  and  divide  by  the  number  of  days  or  weeks. 
This  gives  the  average  number  in  hospital  on  any  one  day. 

The  mortality  may  be  calculated  on  the  sick  population,  by  dividing  the 
deaths  by  the  sick  population  and  reducing  to  a  uniform  standard  of  time, 
say  one  year. 

(3)  The  next  point  is  to  determine  the  number  of  days  a  patient  is  in 
hospital. 

(a)  Add  all  the  days  together  and  divide  by  the  cases  treated  ;  or, 
(6)  Multiply  the  sick  population  by  the  number  of  days  over  which  the 
return  extends  and  divide  by  the  cases  treated.    For  example,  say  the 
sick  population  is  23,  number  of  days  7,  and  the  cases  treated  39,  then 
23  X  7 

— gg—  =4'1.    Each  patient  was  therefore  in  hospital  rather  over  four  days. 

If  in  any  individual  case  we  wish  to  know  the  number  of  days  we  must 
of  course,  have  the  dates  of  admission  and  discharge  of  the  individual.  A 
rough  estimate  may  at  any  moment  be  made  by  remembering  that  if  in  the 
above  example  the  sick  population  and  the  cases  treated  had  been  equal, 
each  man  must  have  been  seven  days  in  hospital.  If  the  sick  population 
had  been,  as  above,  23,  but  the  cases  treated  46,  each  man  would  have  been 
half  a  week  in  hospital,  or  3*5  days. 

The  returns  required  to  be  furnished  by  the  medical  olHcer  in  charge  of 
a  station  or  general  hospital  are  as  follows  : — 

1 .  Daily  Return. — This  is  a  daily  state  of  the  numbers  admitted,  dis- 
>charged,  remaining  in  hospital,  or  died.    It  is  sent  to  the  officer  commanding 
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the  station  for  his  information.  A  return  of  the  men  admitted  and  dis- 
charged is  also  forwarded  to  the  officer  commanding  each  corps. 

2.  Weeldy  Return. — This  return  contains  the  details  for  seven  complete 
days,'  including  the  average  strength  by  corps,  the  admissions  to  and  dis- 
charges from  hospital,  the  numbers  remaining  in  hospital,  the  deaths, 
remarks  on  all  important  cases,  also  on  any  infectious  diseases,  and  on 
the  sanitary  condition  of  the  station.  All  deaths  occurring  during  the 
period  have  to  be  briefly  noted,  as  well  as  any  important  cases  under  treat- 
ment. This  return  is  furnished  by  all  hospitals  except  those  for  soldiers' 
wives  and  children,  hospitals  on  board  ship,  and  hospitals  in  the  field. 

3.  Annual  Return. — This  return  is  completed  and  forwarded  by  each  officer 
who  is  in  medical  charge  of  a  hospital  on  December  31.  It  includes  all  the 
details  given  in  the  weekly  returns,  and,  in  addition,  the  average  number  of 
daily  sick,  the  average  sick  time  to  each  soldier,  and  the  average  duration  of 
each  case  of  sickness  are  given.  It  must  include  the  statistics  of  all  the  sick 
of  the  regular  forces  who  have  been  admitted  during  the  year.  With  this 
return  is  attached  a  report  in  manuscript  of  medical  transactions,  and  pre- 
vailing diseases,  which  should  show  the  bearings  of  sanitary  arrangements 

thereon.  n  n    •>  i 

An  annual  report  is  also  furnished  by  the  officer  in  charge  of  the  hospital 

for  soldiers'  wives  and  children, 

4.  Special  Returns.— Dvccm^  the  prevalence  of  epidemics,  special  weekly 

returns  are  furnished.  •  •       i  ^ 

5.  Returns  on  Board  Ship.— The  statistics  of  the  following  classes  ot 

troops  are  required : — 

(a)  Troops  proceeding  on  service  abroad. 

(6)  Troops  returning  home  from  abroad. 

(c)  Troops  proceeding  from  one  station  to  another. 

{d)  Invalids  returning  home. 

6.  Returns  of  Troops  on  Active  Service  in  the  Field. — These  include  (a) 
daily"  state  of  sick  and  wounded,  (6)  special  return  of  officers  and  men  who 
have  received  wounds  or  injuries  in  battle,  specifying  as  tersely  and  accu- 
rately as  possible  the  kind  of  wound  or  injury  and  the  degree  of  severity. 
Weekly  returns  are  also  required  for  hospitals  in  the  field. 

The  mortality  of  the  army  has  undergone  an  enormous  diminution  during 
later  years.  This  is  probably  due  in  some  measure  to  a  closer  selection 
of  the  men  enlisted,  to  the  lesser  difficulty  in  invaliding  under  the  short- 
service  system,  and  to  the  comparative  youth  of  the  army  taken  as  a  whole. 
But  there  can  be  little  doubt  that  this  result  is  also  the  outcome  in  a  large 
measure  of  the  sanitary  improvements  which  have  of  late  years  been 
introduced,  and  which  have  lessened  the  death-rate  and  invaliding  both  at 
home  and  abroad. 

The  following  table  shows  tliis  decrease  : — 

Mortalitij  per  1000  in  the  United  Kingdom. 

From  all  causes. 
9-45 


Mean  of  10  years  1861-70, 
1870-79, 
„  1878-87, 
Mean  of  8  years  1888-97, 
1898,    .       .       .  • 


8-18 
6-52 
4-51 
3-59 


This  gross  mortality  must  now  be  compared  with  that  of  the  civil 
male  population  at  the  soldier's  age  :— 
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Mortality  per 

ip,,.„  on  i„  OK  c  of  population. 

J^i cm  JO  to  25  years  of  age,   .  5* 

2o  ,,  35       ,,   g.g 

35  ,,  45       ,,   jj.g 

The  soldier's  mortality,  taken  as  a  whole,  is  therefore  under  that  of  the 
civil  population,  but  this  is  not  taking  into  account  the  invaliding,  for  which 
some  addition  should  be  made. 

As  regards  the  influence  of  age  on  mortality,  statistics  show  that  between 
the  ages  of  twenty  and  forty,  the  mortality  is  in  favour  of  the  soldier 

Causes  of  MortaHty.— As  regards  causes  of  mortality,  diseases  of  the 
respiratory  system  were  most  fatal,  causing  a  death-rate  of  0-69  per  1000  • 
the  invaliding  was  at  the  rate  of  0-66  per  1000.     Tubercular  diseases 

5nnn    7«  f  /f.^'  °1        P"'  '"^'^  i^^^liding  at  the  rate  of  1-36  per 

lUUU;  7«-7  of  the  deaths  were  ascribed  to  tubercle  of  limg.  Both  the 
death-rate  and  the  invaliding  rate  of  tubercular  disease  for  1898  are  lower 
than  any  year  since  1896.  Diseases  of  the  digestive  system  come  next  as 
regards  fatahty,  causing  a  death-rate  of  0-35  per  1000.  Diseases  of  the  cir- 
culatory system  produce  a  death-rate  of  0-31  per  1000.  As  regards  invalid- 
ing, the  diseases  of  the  circulatory  system  caused  far  more  discharges  than 
diseases  of  the  digestive  system,  the  rate  being  3-83  per  1000  for  the  former, 
and  1  28  per  1000  for  the  latter.  In  fact  diseases  of  the  circulatory  system 
were  the  chief  causes  of  invaliding,  and  nearly  one-third  of  the  men  dis- 

of 'th?tT  J;^'-™'  r.'''  ''"If'''^  ''''''''      disordered  action 

be  II     condition,  often  called  the  "soldier's  heart,"  appears  to 

be  due  to  sudden  and  violent  exertion  undertaken  by  lads  of  immature 
growth  imder  unfavourable  conditions  as  regards  clothino- 

Enteric  fever  caused  the  next  highest  death-rate,  viz.t  0-22  per  1000 
^^^Diseases  of  the  nervous  system  produced  a  death-rate  of  0-19  per 

Other  diseases,  such  as  diphtheria,  scarlet  fever,  influenza  etc  account 
or  nearly  23  per  cent,  of  the  total  deaths  which  tak;  place  yea;it''Syphm 

0  057  .iXmt     ?J  P.?'  "^^^^^     ^^^y  ^^'^  -  compared  with 

0  057  per  1000  the  rate  for  the  civil  population  of  England  and  Wales 

Although  there  has  been  great  improvement  in  the  health  of  the  armv 
during  recent  years,  stiU  much  remains  to  be  done.  Tubercular  diseaSs^ 
those  of  the  circulatory  system,  and  "fevers,"  all  more  or  lessTeventaSe' 
are  still  excessive  in  the  mortality  returns  '  pievencaoie, 

1 7.cfq°''  nn^'^'S*^  ^^^^^ding— In  1898  the  invaliding  at  home  was 
12^17 1  nnn  ^     ''V^  ^^'^  the  average  by 

averarisTti   8^7  W  V"*^        ^^^0,  the  deceW^ 

average,  1888  to  1897,  being  15-01.  During  the  seven  years  1860-67  there 
we  invalided  37  per  1000,  and  a  total  loss  by  death  and  invaliding  ilZ 
disease  nearly  46  per  1000.  Thus  the  loss  by  invaliding  ha^  been  reduced 
more  than  one-half  compared  to  what  it  was  in  former  years.  Ve  cWef 
reason  for  this  reduction  is  the  system  of  short  service.  Circulatory  diseases 
account  for  about  one-fifth  of  the  invalidincr  x^^uidiory  aiseases 

649^6'rfsstnf'         Sickness.-During  1898,  1000  soldiers  furnished 

hnJl^fi"^  ^T'^^       ^^'^  '^''^^'•^  ^a^gest  number,  whilst  the 

household  cavalry  and  engineers  give  the  least  number;  in  the  latC  manv 
of  he  men  are  married,  and  when  admitted  to  hospital  We  deprived  of 
working  pay,  so  they  seldom  seek  admission  until  compelled  to  do  so 
.^i,-l?i!'^  ^-^^  """"^^^     admissions  are  the  result  of  venereal  disease  of 
which  there  is  no  immediate  prospect  of  any  considerable  rclse     l^  is 
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not  possible  to  compare  the  loss  occasioned  by  sickness  with  that  occumng 
in  nfhpr  irmies  as  the  conditions  of  service  are  not  the  same. 

Causerof  Sictoess.-Fm^^^^^  Diseases.-Thi.  class  of  disease  causes  a 
larse  amount  of  inefficiency  in  the  army.  It  is  impossible  to  compare  the 
nuSberwto  are  affected  in  the  military  and  naval  services  witii  those  m 
the  civil  Immunity,  as  there  are  no  morbidity  statistics  relating  to  the 
latter  We  have,  however,  no  reason  to  believe  that  the  civil  population  is 
exempt  from  these  diseases  in  a  greater  degree  than  the  mihtary  and  naval 

'^""'xhe  krse  amount  of  inefficiency  in  the  army  and  navy  caused  by  venereal 
disease  was  brought  prominently  to  notice  ^^^^^^^''^''^^^^^^^^ 
of  the  Army  Medical  Department  Reports  m  1859.  In  1864  the  hrst  Act 
of  Parhament  was  passed  which  had  for  its  object  the  prevention  of  these 
diseases,  and  caused  those  females  who  were  the  sources  of  its  diffusion  to 
be  subjected  to  medical  treatment  in  hospital  while  they  were  m  a  state 
capable  of  communicating  it.  ,      .        .    i        fV,i=  wpc; 

The  first  Act  passed  was  found  to  be  more  or  less  ineffectual,  and  this  was 
amended  by  the  Acts  of  1866  and  1869,  wliich  remamed  m  force  until 
May  1883  when  compulsory  examination  was  abolished  by  a  resolution  ot 
the  House  of  Commons,  at  which  time  the  Acts  practicaUy  ceased. 

These  Acts  gave  rise  to  much  controversy,  and  there  has  been  a  wiae- 
spread  and  active  opposition  to  them.  Apart,  however,  from  the  saving  of 
much  misery  and  suffering  which  they  were  the  direct  means  of  averting 
they  were  no  doubt  useful  as  affording  a  wholesome  influence  on  the  class 
subjected  to  them,  and  at  the  time  were  the  means  of  ^-^^^S .^he  iW  ^^^^ 
of  those  towns  which  were  placed  under  them.  It  is  not  hkely  that  these 
Acts  will  ever  be  passed  in  the  same  form  again,  but  it  is  not  unreasonable 
to  hope  that  the  time  is  not  far  distant  when  venereal  diseases  wiU  be 
included  in  the  list  of  those  of  which  notification  is  required,  and  that  nien 
and  women  suffering  from  this  objectionable  disease  shaU  be  placed  undei 

^''^'TheToUowing^'tlbles  show  the  relative  prevalence  of  venereal  disease  in 
the  British,  French,  German,  and  Austrian  Armies,  the  figures  givmg  the 
cases  per  1000  of  strength  :— 

Admissions  per  1000  of  Strength. 


Years. 

United 
Kingdom. 

India. 

Germany. 

France. 

Austria. 

1881-85, 
1886-90, 

1891-  92, 

1892-  93, 

1893-  94, 

1894-  95, 

1895-  96, 

263-8 
233-3 
197-4 
201-2 
194-6 
182-4 
173-8 

235-2 
390-4 
373-2 
378-3 
458-8 
511-7 
536-9 

35-1 
27-] 
27-9 
29-6 
32-9 
29-9 
25-5 

58-6 
51-2 
49-1 
49-4 
42-8 
40-9 
37-5 

73-6 
65-3 

63-  7 
61-6 

64-  5 

49-7 

Commenge  states  that  venereal  diseases  are  always  far  ™f ^'"^^^^^^ 
countries  where  there  is  free  trade  in  prostitution  than  m  those  where 

'-'tnZ  oUie^hanTit  cannot  be  denied  that  ^nce  tl-bolitio^^^^^^^^^^ 
Acts  there  has  been  a  progressive  diminution  in  the  -d'ni^s^^^^^/^^^^^^^^^^ 
diseases  in  the  army  at  home,  and  this  has  been  used  as  an  aigmntni 
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against  their  re-enforcement  by  those  who  are  opposed  to  any  legislation  on 
subject._  The  chart  on  page  1028  is  very  instructive.  It  shows  the 
differences  in  the  admissions  for  primary  venereal  sores  amongst  British 
troops  before,  during,  and  after  the  Contagious  Diseases  Acts  were  in  force, 
at  fourteen  protected  and  fourteen  unprotected  stations  in  the  United 
Kingdom. 

There  is  also  evidence  that  during  later  years  a  diminution  has  occurred 
among  the  civil  population,  and  the  death-rate  during  1898  shows  a  large 
decrease  over  previous  years.  The  following  table  is  compUed  from  the 
Kegistrar-General's  Returns  for  England  and  Wales 


Years. 
1881-95, 
1886-90, 
1891-95, 

1896,  . 

1897,  . 

1898,  . 


Deaths 
Per  1,000,000. 

93 
84 
80 
70 
73 
68 


/ 


There  is  no  doubt  that,  as  shown  by  the  above  tables,  there  has' been  a 
•decline  in  the  prevalence  of  these  diseases  since  1881. 

The  last  twenty-six  years  has  seen  many  changes  in  this  country  Since 
the  passing  of  the  Education  Acts,  when  school  attendance  was  made  com- 
pulsory, there  has  been  a  gradual  but  increasing  improvement  in  the  moral 
character  of  the  whole  population,  and  the  various  sanitary  Acts  have  in  no 
small  degree  assisted  to  bring  this  about.    It  is  evident  also  that  the  Con- 
tagious Diseases  Acts  have,  of  themselves,  been  beneficial,  inasmuch  as 
tJiey  proved  to  individuals  the  necessity  for  medical  treatment  when 
diseased  and  inculcated  the  benefits  to  be  gained  from  cleanly  habits 
it  IS  seldom  that  the  same  abandoned  class  of  prostitutes  are  to  be  seen 
m  garrison  towns  that  formerly  frequented  them,  and  there  is  everv 
reason  to  beheve  that  this  is  due  to  the  general  social  improvement  of  the 
masses,  and  not  to  the  abolition  of  the  Acts,  which  served  their  time  and 
purpose,  and  were  in  no  small  measure  instrumental  in  bringing  about  this 
change.  * 

In  India,  w^here  the  same  rapid  advance  in  sanitary  progress  has  not 
been  possible,  and  where  the  education  of  the  natives  has  been  narrowed 
by  caste  prejudices,  and  especially  of  the  female  population,  which  has 
always  been  relegated  to  an  inferior  position  in  that  country,  there  have  not 
been  the  same  mfluences  at  work ;  and  consequently  we  find  that  the  sus- 
pension of  the  Acts  has  had  a  directly  opposite  effect  to  what  has  taken 
place  in  this  country. 

The  table  already  given  on  page  1026  shows  that  in  ].ndia  the  admis- 
sions for  venereal  disease  while  the  Contagious  Diseases  Acts  were  in  force 
averaged  from  235  to  390-4  per  1000  of  strength.  Since  1891  the  Acts  have 
been  abandoned,  and  the  admissions  per  1000  show  a  steady  increase  up  to 
the  year  1896  In  the  year  1897  the  admissions  showed  a  slight  decrease 
the  rate  being  509  per  1000  of  strength,  but  in  1898  the  rate  for  all  venereS 
diseases  was  only  372-9  per  1000  of  strength.  This  reduction  was  due  to 
the  new  cantonment  rules,  the  continuance  of  treatment  in  syphilitic  cases 
alter  discharge  and  putting  bazaars  out  of  bounds  owing  to  the  prevalence 
o±  epidemic  disease.  The  first  of  these  causes  undoubtedly  had  -reat 
influence  in  reducing  the  number  of  admissions  for  venereal  disease,  a°s  all 
four  commands  shared  in  the  decrease.  But  wherever  bazaars  were  put  out 
of  bounds  an  immediate  decrease  of  venereal  disease  also  occurred,  showing 
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that  in  spite  of  the  cantonment  rules  much  still  requires  to  be  clone.  By 
lectures  and  talks  endeavours  have  been  made  to  point  out  to  the  men  the 
evils  and_  possible  consequences  of  venereal  disease.  But  the  novelty  of  the 
surroiindings  of  the  young  soldier  on  his  arrival  in  India,  and  the  ready 
accessibility  of  the  Avomen,  militate  very  strongly  against  attempts  to  incul- 
cate in  him  the  necessity  for  sexual  restraint. 

The  history  of  the  subject  in  Calcutta  is  even  more  convincing.  The 
Acts  were  put  in  force  in  that  city  in  1869 ;  they  were  suspended  in  part  of 
the  city  in  November  188],  and  in  the  entire  city  in  March  1883.  The 
following  figures  show  the  results  of  this  change: — 

Gases  of  Venereal  Diseases. — Matio  per  cent,  of  Garrison. 


Year. 


1868,  . 

1869,  . 

1870,  . 

1871,  . 

1872,  . 

1873,  . 

1874,  . 

1875,  . 

1876,  . 

1877,  . 

1878,  . 

1879,  . 

1880,  . 

1881,  . 

1882,  . 

1883,  . 

1884,  . 

1885,  . 


Primary  Syphilis. 


10-0 
9-0 
6-0 

2-  7 
5-7 
1- 
1- 
!■ 
2- 
4- 
4- 
2" 
1- 

3-  1 
3-7 

10-9 
30-2 
15-1 


Venereal  of  all  Kinds. 


•4 
■4 
■3 
•3 
•3 
•0 
■7 
•7 


25-06 
25-08 
14-4 

8-  1  New  regiment. 

13-  9 

7-  4 

9-  4  New  regiment. 
10-3  „ 

12-6  „ 
10-7 

11 '7  New  regiment  and  drafts. 
9-3 

12-8  New  regiment. 

8-  7 

14-  6  New  regiment. 
28-0 

58-1  New  regiment. 
31-6    ,.      '  .. 


From  these  figures  it  is  apparent  that  syphihtic  disease  had  sunk  from  a 
high  ratio,  10  per  cent,  m  1869,  to  a  low  one,  1-7  per  cent,  in  1880,  and  for 
two  years  It  had  only  been  1-4.  In  1883  it  rose  to  11  percent.,  and  in 
lbb4  to  30  per  cent,  while  58  per  cent,  of  the  garrison  were  admitted  to 
hospital  for  one  fonn  or  other  of  venereal  disease. 


CHAPTER  XX. 


MARINE  HYGIENE. 


Marine  Hygiene  may  be  defined  as  tlie  application  of  the  principles  of 
general  hygiene  to  the  conditions  and  exigencies  of  sea  life.  These  con- 
ditions, so  far  as  they  affect  life  and  health,  contrast  markedly  with  the 
corresponding  circumstances  on  land.  The  importance  of  the  subject,  and 
the  extent  of  the  interests  involved,  will  be  apparent  from  a  consideration 
of  the  following  statistical  facts.  . 

Nature  and  Extent  of  the  Marine  Population.— The  total  population 
afloat  belonging  to  this  country  maybe  stated  in  round  numbers  as  being  not 
less  than  400,000  persons.  It  may  be  divided  conveniently  into  (a)  that 
belono-inc^  to  the  mercantile  marine,  including  the  crews  of  fishmg-boats 
registered  under  both  the  Merchant  Shipping  Act  and  under  the  Sea 
Fisheries  Act,  and  {b)  that  constituting  the  personnel  of  the  Royal  iSavy. 

According  to  the  Annual  Statement  of  the  Navigation  and  Shipping  of 
the  United  Kingdom  issued  by  the  Board  of  Trade,  the  number  of  persons 
employed  in  the  mercantile  marine  of  the  United  Kingdom  m  the  year 
1898  Avas  as  follows:  — 


Mercantile  Marine. 

Britishers. 

Lascars. 

Other 
Nationalities. 

Total. 

In  sailing-ships,  .... 
In  steamships,  .... 
lu  fishing-boats  (approximate). 

36,302 
116,534 
22,144 

61 

24,144 

10,843 
32,204 
321 

47,206 
172,882 
22,465 

Total,  . 

174,980 

24,205 

43,368 

242,553 

The  table  on  page  1031,  prepared  from  the  same  source  as  the  foregoing, 
shows  the  number  and  tonnage  of  sailing  and  steam  ships  belonging  to  and 
registered  in  the  United  Kingdom,  with  the  distribution  of  the  mercantile 
marine  population  in  ships  of  difl"erent  sizes.  , 

In  the  Royal  Navy,  the  total  force  afloat,  corrected  for  time  m  the  year 
1898,  was  82,830  officers  and  men,  of  whom  50,290,  or  60-71  per  cent.,  were 
between  the  ages  of  fifteen  and  twenty-five;  24,136,  or  29-1  d  per  cent., 
were  between  the  ages  of  twenty-five  and  thirty-five;  ^930,  or  S-^b  pei 
cent.,  were  between  the  ages  of  thirty-five  and  forty-five;  and  148U,  or  i 
per  cent.,  were  above  forty-five  years  of  age.  -r.  r 

Marine  Sanitary  Regulation  and  Supervision.— From  the  toregomg 
statement  of  the  diverse  composition  of  the  general  population  afloat  it  will 
be  apparent  that  the  subject  of  Marine  Hygiene  is  by  no  means  simple, 
and  it  is  further  complicated  by  the  fact  that  the  health  of  the  seafaring 
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community  is  committed  to  the  care  of  a  variety  of  departments  acting 
under  the  authority  of  different  Acts  of  Parliament. 


Classification  of  Tonnage. 


Under  50  tons, 
Of       50  and  under  100 


tons. 


100 
200 
300 
400 
500 
600 
700 
800 
1000 
1200 
1500 
2000 
2500 


200 
300 
400 
500 
600 
700 
800 
1000 
1200 
1500 
2000 
2500 
3000 


Sailing. 


Steam. 


Vessels. 


Tonnage. 


No.  of  Crew 
per  Ship. 


3000  and  upwards, . 


Totals, 


3,672 
3,614 
878 
184 
62 
65 
52 
53 
92 
170 
187 
336 
406 
186 
48 
6 


10,011 


129,742 
258,479 
127,889 
44,109 
21,250 
30,092 
29,160 
34,663 
69,486 
152,306 
207,994 
452,208 
704,042 
411,329 
130,380 
19,096 


2,822,225 


Vessels. 


3-  6 

4-  4 

5-  8 
8-0 

10-0 

12-  2 

13-  6 

15-  3 

16-  7 
18-0 
21-3 
23-7 
28-1 
31-4 
34-5 
37-0 


74,851 


1,002 
652 
353 
211 
222 
263 
227 
218 
234 
454 
498 
724 
813 
349 
175 
141 


6,536 


Tonnage. 


No.  of  Crew 
per  Ship. 


24,857 
44,413 
53,115 
52,854 
77,945 
118,263 
124,213 
141,690 
175,407 
406,584 
546,623 
978,312 
1,409,526 
773,385 
473,975 
492.898 


5,894,060 


6-2 
9-0 
13-9 

18-  0 

19-  6 

19-  6 
22-0 
21-1 

20-  0 
230 
24-0 
28-4 
33-8 
55-8 
76-0 

120-3 


165.607 


Thus,  the  Board  of  Trade  have  the  control  of  the  mercantile  marine, 
including  both  passenger  and  emigrant  services,  and,  by  virtue  pf  the 
Merchant  Shipping  Act,  1894,  are  able  to  require  that  certain  provisions  as 
to  cubic  space,  lighting,  and  ventilation  shaU  be  made  on  all  British  vessels. 
Under  other  portions  of  the  same  Act,  the  food  to  be  supplied  to  seamen  may 
be  inspected  by  medical  inspectors  appointed  for  that  purpose  by  the  Board. 

Under  the  Public  Health  Act,  1896,  the  Local  Government  Board  make 
Regulations  dealing  with  cholera,  yellow  fever,  and  plague,  and  with  other 
infectious  diseases  by  authority  of  section  130  of  the  Public  Health  Act, 
1875,  and  by  the  Public  Health  (Ships,  &c.)  Act  of  1885  can  apply  sections 
120,  121,  124,  125,  126,  128,  131,  132  and  133  of  the  Act  of  1875  to  ships. 
These  sections  are,  by  Local  Government  Board  Orders  made  in  pursuance 
of  section  287  of  the  same  Act,  enforced  by  Port  Sanitary  Authorities  (see 
also  page  060,  et  seq.). 

The  personnel  of  the  Royal  Navy  is  controlled  in  aU  matters  bearing  on 
the  province  of  naval  hygiene  by  the  Queen's  Regulations  and  Admiralty 
Instructions. 

The  Seaman  or  Sailor. — If  we  accept  the  definition  given  in  section  742 
of  the  Merchant  Shipping  Act,  1894,  the  term  seaman  or  sailor  includes 
every  person  (except  masters,  pilots,  and  apprentices  duly  indentured  and 
registered)  employed  or  engaged  in  any  capacity  on  board  any  ship ;  and 
further,  if  we  take  into  consideration  their  numbers,  and  the  pecuhar  nature 
and  importance  of  their  calling,  the  personal  hygiene  of  these  men  is  of  ex- 
ceptional importance  to  the  country.    The  careful  attention  paid  to  hygiene 
in  the  Royal  Navy  testifies  to  the  appreciation  of  this  fact  now  shown 
by  those  officially  responsible  for  the  efficiency  of  that  service.    The  same 
can  hardly  be  said  of  the  mercantile  marine;  the  seamen  of  that  service 
are  a  somewhat  variable  body,  especially  in  respect  of  their  antecedents. 
"  The  sea  is  too  often  the  last  resort  of  the  idle,  the  careless,  and  the  ne'er- 
do-well."    Why  this  should  be,  is  diflicult  to  say  ;  but  it  is  probably  the 
effect  of  a  variety  of  causes,  more  particularly  official  and  national  apathy, 
want  of  organisation  among  owners,  and  general  economic  causes. 
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The  seaman  should  have  a  good  physique,  though  height,  apart  from  good 
development,  is  of  no  advantage.  Excepting  it  be  a  somewhat  faulty  exami- 
nation of  masters  and  mates  as  to  ability  to  distinguish  colours,  there  are 
no  physical  tests  of  fitness  for  service  demanded  by  the  Board  of  Trade  in 
respect  of  those  desirous  of  entering  the  mercantile  marine.  It  is  other- 
wise in  the  navy,  where  every  man  or  boy  desirous  of  joining  is  submitted 
to  a  rigid  physical  examination  by  one  or  more  medical  officers.  None  but 
promising  lads  are  accepted  for  the  training  ships,  while  persons  of  whatever 
class  or  age,  found  to  be  labouring  under  any  of  the  under-mentioned 
physical  defects  or  deformities,  are,  by  Article  1154  of  the  Admiralty 
Instructions,  1899,  considered  unfit  for  Her  Majesty's  Navy  :— 

(ft)  A  weak  constitution,  imperfect  development,  or  important  malformation  or 
physical  weakness,  either  hereditary  or  acquired. 

(6)  Skin  disease,  temporary  or  trivial ;  extensive  marks  of  cupping,  leeching, 
blistering,  or  of  issues.  .  ,  r 

(c)  Malformations  of  the  head,  deformity  from  fracture  or  depression  ot  the  bones  ol 
the  skull,  impaired  intellect,  epilepsy,  paralysis,  or  impediment  of  speech.  _ 

{d)  Blindness  or  defective  vision  ;  imperfect  perception  of  colours  or  any  chronic 
disease  of  the  eyes  or  eyelids. 

(e)  Impaired  hearing,  discharge  from  or  disease  of  one  or  both  ears. 

(/)  Disease  of  nasal  bones  or  cartilage,  and  nasal  polypus. 

(g)  Disease  of  throat,  palate,  tonsils  or  mouth;  cicatrices  of  neck,  whether  from 
scrofula  or  suicidal  wounds ;  unsound  teeth,  or  seven  teeth  deficient  or  defective  in 
persons  under  seventeen  years  of  age  ;  ten  defective  or  deficient  teeth  in  persons  above 

the  age  of  seventeen.  , ,    ,        ,  ,      -j.     f  i 

{h)  Functional  or  organic  disease  of  the  heart  or  blood-vessels.  Delormity  ot  chest, 
phthisis,  bronchitis,  haemoptysis,  asthma,  dyspnoea,  chronic  cough,  or  any  evidence 
of  lung  disease  or  tendency  thereto. 

(i)  Undue  swelling  or  distension  of  abdomen  ;  disease  of  liver,  spleen,  or  kidneys ; 
hernia  or  tendency  thereto,  incontinence  of  urine,  syphilis  or  gonorrhoea. 

(j)  Non-descent  of  either  or  both  testicles,  hydrocele,  varicocele,  or  any  other  serious 
defect  or  malformation  of  the  genital  organs. 

(Jc)  Fistula  of  anus,  hsemorrhoids,  or  any  disease  of  stomach  and  bowels.        .    ,  , 
(I)  Paralysis,  weakness,  or  impaired  motion  or  deformity  of  either  extremity,  includ- 
ing varicosity  of  veins,  especially  of  the  leg,  and  distortion  or  malformation  of  hands, 
feet,  fingers,  or  toes.  ^  ^-i  r 

(m)  Distortion  of  the  spine,  of  the  bones,  ohest,  or  pelvis,  no  matter  whether  Irom 
injury  or  disease,  or  from  constitutional  defect. 

The  Vessel  or  Ship.— Section  742  of  the  Merchant  Shipping  Act,  1894, 
defines  the  term  "vessel"  as  including  any  ship  or  boat,  or  any  other 
description  of  vessel  used  in  navigation.  Similarly,  "ship "  includes  every 
description  of  vessel  used  in  navigation  not  propelled  by  oars.  Boyd, 
quoted  by  Armstrong,  says  that  "  the  criterion  as  to  whether  a  vessel  faUs 
under  the  category  of  ship,  is  whether  the  vessel  be  one  whose  real  habitual 
business  is  to  go  to  sea;  if  so,  though  propelled  by  oars  as  well  as  sails  it  is 
a  ship  within  the  meaning  of  the  Act.  If  she  does  not  go  to  sea  at  all  slie 
is  not  a  ship  in  this  sense." 

The  simplest  classification  of  ships  is  into  (a)  men-of-war,  (6)  merchant 
sliips.  These  classes  can  be  further  divided  into  groups  according  as  to 
whether  they  are  either  wooden  or  iron  ships,  or  whetlier  they  are  steam- 
ships or  sailing-ships.  ,  , 

Men-of-war,  in  the  present  day,  are  practically  all  iron  ships  and  also 
steamships;  they  comprise  battleships  of  the  first,  second  and  third  class  : 
first,  second  and  third  class  cruisers;  sloops;  gunboats;  torpedo-boats: 
torpedo-boat  destroyers;  troopships;  storeships ;  and  stationary  harbour 

^^^^Merchant  ships  are  naturally  divided  into  steamers  and  sailing-ships. 
Steamers  may  be  further  classified  into  passenger  ships,  trading  or  cargo 
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ships,  trawlers  or  fisliing  vessels,  wlialesliips,  cattlesliips,  and  colliers.  The 
maiority  of  these  are  built  of  iron  and  propelled  by  steam. 

Sailing-ships,  in  the  present  day,  are  practically  limited  to  the  conveynig 
of  cargoes  only,  or  to  the  carrying  out  of  special  industries,  such  as  hshmg, 
sealing,  or  whaling.  Any  precise  classification  of  saihng-ships  is  founded 
primarily  upon  their  rig.  For  example,  we  liave  full-rigged  ships,  brigs, 
brigantines,  barques,  barquentines,  schooners,  topsail  schooners,  cutters, 
yawls,  barges,  luggers,  ketches  and  other  small  vessels. 

A  full-rigged  ship  has  three  masts,  each  fitted  with  topmast,  topgallant- 
mast  and  royal  mast,  all  being  square-rigged.  . 

A  barque  is  a  three-masted  vessel,  the  two  foremost  being  square-rigged 
as  above,  the  hindmost,  or  mizzen,  having  only  topmast  with  gaff  sail. 

The  barquentine  resembles  the  barque  in  having  three  masts,  but  only 
■one  of  them  (the  foremast)  is  square-rigged. 

A  brig  is  a  square-rigged  two-masted  vessel 

The  brigantine  has  also  two  masts,  but  only  one,  the  foremast,  is  square- 
rigged,  the  other  or  aftermast  carrying  a  mainsail  or  boomsail,  with  top- 
mast and  gaff  topsail. 

A  schooner  may  be  either  three  or  two  masted ;  the  lower  masts  being 
long  with  short  topmasts  and  no  yards  ;  and  carrying  mainsails  and  gaff 
topsails  only. 

The  topsail  schooner  is  a  two-masted  vessel  with  long  lower  masts,  the 
foremast  having  a  loose  square  foresail,  the  aftermast  having  mainsail  and 
topmast,  &c.,  as  in  a  brigantine.  Some  topsail  schooners  have  tliree  masts ; 
in  them  the  foremast  is  the  same  as  in  the  foregoing,  the  two  aftermasts 
having  mainsails  and  gaff  topsails. 

A  cutter  is  one-masted  with  running  bowsprit,  carrying  jib,  foresail  and 
boom-mainsail. 

Sailing  and  steam  ships  may  also  be  classified  according  to  their  build  or 
arrangement  of  decks.  Thus  we  may  speak  of  one,  two,  or  three  decked 
vessels ;  or,  if  lightly  built,  of  spar-decked  sliips.  Other  terms  in  common 
use  are  flush-decked,  well-decked,  hurricane-decked,  shade-decked,  awning- 
decked  or  shelter-decked;  all  these  expressions  have  reference  to  the 
character  of  the  decks  and  the  structures  upon  them. 

While  the  rig  of  a  ship  has  practically  no  relation,  beyond  that  of  general 
size,  to  its  general  hygienic  character,  it  is  far  otherwise  with  the  Jmild  or 
construction.  Ventilation  becomes  more  and  more  complex  in  proportion  to 
the  number  of  compartments  into  which  the  sliip  is  divided  either  vertically 
or  horizontally,  transversely  or  longitudinally.  These  conditions  vary 
considerably  according  to  the  material  of  which  the  vessel  is  constructed. 
Ships  are  lauilt  either  wholly  of  wood  or  metal,  such  as  iron  or  steel ;  or 
they  are  composite,  that  is,  composed  partly  of  wood  and  partly  of  metal. 
The  principal  facts  connected  with  the  construction  of  both  wooden  and 
iron  sliips  demand  some  detailed  reference. 

Construction  of  Wooden  Ships. — The  frame  or  skeleton  of  a  wooden 
ship  consists  principally  of  the  following  parts : — keel,  keelson,  stem,  stern- 
post,  timbers,  planking,  beams  and  stanchions. 

The  keel  may  be  regarded  as  the  backbone  of  a  ship  and  runs  the  entire 
length  of  the  bottom  of  the  vessel.  It  is  usually,  in  wooden  ships,  made  of 
elm,  square  in  section,  and  consisting  of  a  number  of  segments  connected 
together  Ijy  a  joint  or  splice.  The  keel  in  front  terminates  in  the  stem,  with 
which  it  forms  an  angle  of  from  80  to  100  degrees  ;  behind  it  joins  the 
sternpost,  to  which  is  attached  the  rudder.  To  the  keel  at  regular  intervals, 
and  curving  outwards  like  the  ribs  of  an  animal,  are  fixed  the  timbers ;  those 
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in  the  front  or  bow  of  the  ship  are  called  "  cant  timbers,"  those  aft  of  the 
cant  timbers  are  the  frames.  To  the  timbers  are  attached  the  inner  and 
outer  planUngs ;  these  generally  run  horizontally  the  entire  length  of  the 
ship.  These  inner  and  outer  plankings  constitute  the  '•'  skins  "  or  walls  of 
the  ship.    Between  the  skins  in  the  intervals  of  the  frames  is  a  space  in  the 


Fig.  138. 

F.K.,  False  keel ;  K.  S.,  Keelson  ;  B.,  Bilge ;  L.B.,  Limber  board  ;  L.S.,  Limber  strake  j  S-Ks.,  Sister 
l^eelson;  B.S  ,  Binding  strakes ;  D.T.,  Diagonal  trnsaes  ;  G.S  ,  G^rboard  stra^^^^ 
planking;  S.  Shelf-piece ;  W.,  Waterway;  D.P.,  »?ck  Picking  and  dimin^^^^^^^^ 
nally;  K.   Iron  knee;  B.,  beam ;  B.,  Rongh  tree  rail;  H.B.,  Hammock  berthing,  C,  Uiannel. 
S.S.,  Sheer  strakes  ;  C.W.,  Channel  wales  ;  M.AV.,  Main  wales. 

walls,  closed  at  the  top  by  a  covering  board  and  extending  downward  to 
the  bottom  of  the  vessel,  where  it  ends  in  the  Imiber  or  hilge,  a  longitudinal 
channel  paiallel  to,  and  one  on  each  side  of,  the  keelson— a  kind  of  inner 
or  upper  keel.  In  order  to  strengthen  the  walls,  the  "skm  spaces  are 
often  occupied  by  "  fillings  "  of  seasoned  wood,  first  introduced  by  beppmgs 
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and  often  called  after  his  name.  The  outside  planking  of  a  ship's  wall 
is  known  by  certain  technical  names,  varying  with  different  parts  of  the 
vessel.  Thus,  the  term  "garboard  strake"  is  applied  to  those  planks  next 
to  the  keel ;  the  planks  from  the  garboard  strake  to  the  bulging  portion  of 
the  ship's  side  are  called  the  "bottom  planking";  the  name  "main  wales" 
is  given  to  the  planks  at  the  water  line ;  those  near  the  main  deck  are  called 
the  "channel  wales,"  while  those  on  the  bulwarks  are  spoken  of  as  the 
"  shear  strake."  These  technical  terms  and  parts  of  a  ship's  structure  will 
be  readily  understood  by  a  reference  to  fig.  138,  which  gives  a  midship 
section  of  an  ordinary  wooden  ship. 

In  addition  to  the  foregoing  special  structures,  the  framework  of  a  wooden 
ship  is  made  up  of  beams  or  substantial  pieces  of  timber  running  horizontally 
across  the  vessel  from  timber  to  timber.  These  are  secured  to  the  timbers 
above  and  beloAv  by  structures  known  respectively  as  ivateriuay-pieces  and 
slielf-2neces,  and  which  run  from  end  to  end  of  the  ship,  forming  a  kind 
of  internal  horizontal  strengthening  band.  The  waterway  -  pieces  are 
similar  in  structiu-e  to  the  shelf-pieces,  and  are  so  called  because  their 
upper  and  inner  surfaces  are  so  shaped  as  to  form  gutters  to  receive 
the  drainage  of  the  decks.  The  decks  practically  consist  of  planking 
laid  across  the  beams  in  a  fore-and-aft  direction.  In  the  middle  line 
of  the  ship  the  beams  rest  upon  stanchions  or  pillars,  the  lower  deck 
stanchions  springing  from  the  keelson,  while  the  upper  ones  rise  from 
deck  to  deck. 

Construction  of  Iron  or  Steel  Ships.— These  vessels  have  more  or  less 
the  same  essential  structures  as  wooden  ships,  but  all  are  made  of  metal. 
In  general  principles  the  construction  of  an  iron  ship  is  the  same  as  that  of 
a  wooden  one,  but  there  is  this  essential  difference,  that  in  iron  ships 
the  keel  and  ribs  are  not  such  prominent  structures  as  in  wooden  vessels, 
and  that  the  strength  of  the  whole  ship  depends  as  much '  upon  the 
quality  of  the  metal  and  upon  the  rigidity  with  which  the  various  parts 
of  the  framework  or  shell  are  secured  together  as  upon  the  strength  of  such 
individual  parts  as  keel,  ribs,  beams,  &c. 

Perhaps  the  most  conspicuous  feature  of  iron  and  steel  ships  is  the  sub- 
division of  their  hulls  into  a  number  of  watertight  compartments  and  the 
provision  of  cellular  double  bottoms  or  water-ballast  tanks.  These  arrange- 
ments are  obviously  great  safeguards  against  accident,  and  are  met  with  in 
all  modern  men-of-war  as  well  as  in  the  better  class  of  mail  and  passenger 
steamships.  In  purely  cargo  vessels,  watertight  bulkheads  are  not  very 
generally  provided,  as  they  interfere  with  the  loading  and  unloading  and 
the  storage  of  bulky  articles ;  the  greater  number  of  such  vessels,  however, 
have  double-bottomed  compartments,  which  serve  not  only  as  a  safeguard 
against  flooding  in  the  event  of  the  shell  being  penetrated,  but  also  as 
water- ballast  tanks  when  the  vessel  is  empty  or  loaded  with  a  light 
cargo. 

Interior  Economy  of  Ships.— With  regard  to  the  comparative  salubrity 
of  the  different  kinds  of  ship,  tliere  is  much  to  be  said  both  for  and  against 
sailing  and  steam  ships  or  in  respect  of  wooden  and  iron  or  steel  vessels. 
Sailing-ships  appear  to  be  more  liable  than  other  vessels  to  accidents  by  loss 
of  men  overboard  and  the  general  danger  of  the  sea.  On  the  other  hand, 
accidents  connected  with  machinery,  scalding,  <*s5c.,  and  the  sickness  resulting 
from  continuous  work  in  high  temperatures,  are  characteristic  of  steamships. 
From  a  mere  health  point  of  view,  the  substitution  of  iron  or  steel  for  Avood 
in  tlie  construction  of  ships  has  rendered  easier  the  cleansing  and  dis- 
infection of  vessels,  but  has  made  it  more  difficult  to  maintain  a  suitable 
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temperature  in  cold  weather  and  to  prevent  excessive  heat  in  the  tropics ; 
to  these  disabilities  of  metal  ships  must  be  added  the  disagreeable  effects 
of  condensation  on  metal  surfaces  from  moisture  -  laden  air  between 
clscks. 

When  compared  with  vessels  of  the  merchant  service,  men-of-war  have 
both  advantages  and  disadvantages.  Though  the  crews  of  men-of-war  are,  in 
most  respects,  exceedingly  well  cared  for,  the  proportionately  large  numbers 
of  men  on  board  and  the  general  construction  of  the  ships  imply  crowdmg 
and  defective  ventilation.  Of  late  years  in  the  mercantile  marine,  the 
tendency  has  been  in  the  direction  of  undermanning,  with  of  course  an 
attendant  increase  of  cubic  space  per  head.  The  forecastles  of  these  ships 
are,  as  a  rule,  more  easily  and  possibly  better  ventilated  than  the  crew's 
quarters  in  a  battleship.  Passenger  and  emigrant  ships  are  quite  a  class  of 
their  own,  and  vary  largely  from  the  magnificent  liners,  Avith  full  accommoda- 
tion and 'every  luxury,  to  the  dark,  dirty,  overcrowded  emigrant  ships 
characterised  often  by  discomfort  and  cheerlessness.  Of  this  latter  kind  of 
vessel  the  most  objectionable  are  the  few  carrying  both  emigrants  and  cattle. 
The  same  difficulties  met  with  in  these  ships  occur  sometimes  in  naval 
transports  carrying  cavalry.  j-      ■  ■ 

From  a  sanitary  point  of  view,  the  most  important  features  of  the  mterior 
economy  of  ships  which  demand  special  reference  are  the  bilge,  the  fore  and 
after  peaks,  the  stokeholds,  the  lavatories,  the  closets,  the  forecastle,  deck- 
house cabins  and  general  accommodation  for  crews  and  passengers,  the 
veritilation  and  the  heating.  *  . 

The  Bilge.— In  marine  language  this  term  has  a  double  meanmg.  By  a 
shipbuilder  it  is  applied  to  the  curved  part  of  the  outside  and  bottom  of  the 
vessel,  below  the  waterline,  with  bulges.  By  a  sailor  it  is  appUed  to  that 
cavity  or  cavities  in  which  offensive  liquid,  known  as  bilge-water,  collects. 
In  this  latter  sense  only  is  it  used  in  this  article,  and  constitutes,  therefore, 
that  part  of  a  ship  to  which  all  internal  drainage  gravitates.  From  what 
has  been  detailed  already  regarding  the  construction  of  ships,  it  is  apparent 
that,  in  wooden  vessels  and  such  iron  ones  as  have  a  keelson,  the  bilge  is 
a  double  channel.  In  men-of-war  and  other  iron  vessels  without  a  keelson 
the  bilge  is  merely  that  portion  of  the  upper  surface  of  the  inner  skin  about 
the  median  line  on  which  drain  fluid  naturally  collects.  Closely  connected 
with  the  bilge  is  the  main  drain  ;  this  is  a  large  pipe  running  nearly  the 
whole  length  of  the  ship  and  may  be  placed  either  above  or  beneath  the 
inner  bottom  of  the  vessel.  This  pipe  receives  the  drainage  from  the  bilge, 
and  is  further  connected  with  the  bilge-pumps,  and  also  receives  any  water 
which  may  have  gained  access  to  the  bunkers. 

Fore  and  After  Peaks.— These  are  spaces  right  forward  and  right  att; 
and  next  to  the  bilges,  perhaps,  the  most  insanitary  parts  of  a  ship.  These 
places  are  separated  from  the  hold,  &c.,  by  bulkheads  ;  but  are  frequently  m 
a  most  foul  condition,  and  in  the  case  of  the  fore-peak  in  small  ships  materi- 
ally affect  the  air  of  the  lower  forecastles,  where  the  crew  are  housed,  and 
through  which  alone  entry  is  gained  to  it.  The  hatch  rarely  fits  tightly,  in 
spite  of  the  Board  of  Trade's  regulation,  which  requires  it  to  be  fastened 
down  on  to  a  ring  of  rubber  or  other  elastic  material,  hence  any  effluvium 
passes  readily  into  the  screw  space.  Where  there  is  sufficient  beam  for  the 
purpose,  the  forecastles  should  be  separated  by  a  passage-way  leading  to  tlie 
fore-peak  hatch,  and  any  spare  space  so  left  utilised  as  a  store  for  oilskms 
or  other  wet  clothing,  which  it  is  obviously  desirable  to  keep  out  of  tlie  tore- 
castle.  Where  the  beam  of  the  vessel  will  not  admit  of  this  arrangement, 
the  hatch  might  be  placed  in  the  middle  line  and  a  corresponding  hatcJi 
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jilaced  in  the  top-gaUant  deck ;  these  two  hatches  being  connected  by  means 
of  a  wooden  casing. 

Stokeholds. — In  steamships  the  engine-room  and  boilers  are  usually 
placed  amidships,  extending  downwards  to  the  floor,  and  separated  from 
the  hold  between  decks  by  bulkheads,  thus  preventing  the  free  circulation 
of  air  from  end  to  end  of  the  vessel  below  deck.  From  a  health  point  of 
view,  important  parts  of  such  ships  are  the  stokeholds.  These  places  are 
situated  at  the  bottom  of  the  ship,  deeply  below  water,  and  from  them  the 
furnaces  are  coaled.  In  the  smaller  vessels  there  is  only  one  stokehold,  but 
large  ships  have  two  or  more.  In  these  parts  of  the  ship  the  heat  may  be 
and  is  often  excessive.  For  economy  of  space,  the  stokehold  is  rarely  made 
wider  than  is  absolutely  necessary,  often  not  more  than  from  8  to  10  feet ; 
the  stokers,  therefore,  have  to  work  in  a  sort  of  deep  well,  exposed  to  great 
heat  from  the  furnaces,  and  from  which  they  are  unable  to  withdraw  whilst 
6n  duty.  The  air  at  the  bottom  of  the  stokeholds  tends  to  become  very  foul, 
while  the  temperature  not  unfrequently  recorded  is  from  115°  F.  to  140°  F. 
In  a  properly  ventilated  stokehold  this  should  not  be  the  case ;  in  fact,  if 
sufficient  air  be  supplied  for  the  combustion  of  the  furnaces  there  wUl  be  a 
constant  and  rapid  current,  and  the  atmosphere  be  actually  purer  than  in 
other  parts  of  the  ship. 

Engine-rooms  and  stokeholds  should  be  supplied  with  fresh  air  by  means 
of  large  ventilators  carried  from  above  deck  and  fitted  with  cowls  turned  to 
the  wind.    In  other  cases,  windsails  may  be  foimd  of  advantage. 

In  the  Eoyal  Navy,  where  everything  is  of  necessity  protected,  and  where 
forced  draught  is  the  exception,  the  question  of  the  ventilation  of  the  engine- 
rooms  and  stokeholds  becomes  a  very  difficult  matter.  In  the  majority  of 
vessels  of  this  kind  fresh  air  is  of  necessity  supplied  by  special  apparatus, 
such  as  fan-blasts,  &c.  As  may  be  readily  imagined,  firemen  as  a  class  are 
unhealthy,  the  effect  of  the  stokehold  on  its  occupants  being  detrimental 
to  a  high  degree. 

Lavatories. — In  every  sliip  proper  provision  should  be  made  to  enable 
men  to  keep  themselves  clean.  There  is  no  need  for  any  elaborate  arrange- 
ment, but  there  are  few  vessels  where  space  cannot  be  spared  for  a  reason- 
able lavatory  and  bath-room,  while  there  is  abxmdant  evidence  to  show  that 
seamen  greatly  appreciate  and  make  good  use  of  such  accommodation.  As 
a  general  principle,  everything  provided  for  the  use  of  seamen  should  be  of 
the  simplest  and  strongest  description  possible.  A  comparatively  small 
space  will  provide  all  that  is  required ;  water  can  be  suppUed  by  means  of 
a  tap,  and  in  steamers  there  should  be  no  difficulty  in  arranging  for  a  hot 
supply.  A  few  basins  can  be  readily  fixed,  with  galvanised  iron  buckets, 
provided  for  the  washing  of  clothes.  A  galvanised  iron  bath  of  sufficient 
size  and  depth  should  be  provided  also.  It  is  not  necessary  that  this  should 
be  of  sufficient  length  for  a  man  to  lie  down,  as  thorough  cleansing  can  be 
carried  out  in  a  squatting  position  provided  the  bath  be  deep  enough  for  the 
purpose.  The  floor  of  such  a  lavatory  should  be  covered  with  sheet  lead, 
carried  up  the  side  for  a  short  distance,  and  efficient  means  of  drainage- 
provided. 

While  this  question  of  provision  for  the  personal  cleanliness  of  seamen 
and  others  in  the  mercantile  marine  is  not  specifically  laid  down  either  in 
Regulations  of  the  Board  of  Trade  or  by  schedule  in  the  Merchant  Sliipping 
Act,  it  is  otherwise  as  regards  the  Royal  Navy.  In  that  service  there  is  a 
daily  issue  of  fresh  water  every  morning  for  personal  cleanliness ;  moreover, 
by  Article  531  of  the  Admiralty  Instructions,  the  captain  of  every  ship  is 
directed  to  take  care  that  all  officers  and  men  have  ample  opportunities  to. 
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ixvail  themselves  of  the  special  fittings  provided  in  the  ship  for  personal 
washing,  and  that  bath-rooms  when  so  fitted  are  kept  supplied  with  both 
hot  and  cold  water,  and  also  kept  open  for  the  use  of  those  who  desire  it 
every  evening  after  quarters.  All  commanding  officers  must  see  that 
proper  times  are  appointed  for  washing  the  person,  so  that  it  may  be  a  part 
of  the  daily  routine.  Special  facilities  are  given  in  the  Navy  to  stokers  and 
firemen  for  personal  cleanliness,  and  in  the  larger  ships  special  bath-rooms 
with  an  unlimited  supply  of  fresh  water  are  at  the  disposal  of  these  men. 
The  consumption  of  fresh  water  in  the  Navy  for  personal  washing  averages 
about  one  gallon  daily  per  man. 

Ai'ticle  529  of  the  Admiralty  Instructions  directs  that  bedding  be  aired 
once  a  week  when  the  weather  will  permit,  each  article  being  exposed 
separately  to  the  air  by  being  tied  up  in  the  rigging  or  upon  gu-t  lines. 
Twice  in  every  year  the  blankets  must  be  washed  with  soap  in  Avarm  water ; 
and  once  a  year  the  bed  tickings  are  to  be  washed,  and  the  hair  beaten 
and  teased.  Hammocks  are  usually  washed  every  fourteen  days;  the 
allowance  of  fresh  water  for  the  washing  of  clothes  and  bedding  in  the 
Eoyal  Navy  is  about  two  gallons  weekly  per  man. 

Closets  and  Eemoval  of  Excreta. — On  ships,  closets  should  be  of  the 
simplest  description,  as  any  complicated  apparatus  is  certain  to  go  -nTong 
when  used  by  the  ordinary  seaman.  They  should  be  provided  on  every 
vessel,  and  in  the  case  of  steamships  can  be  always  furnished  mth  an  efficient 
water-flush.  The  floor  of  the  closet  should  be  impermeable,  the  surface 
being  finished  with  a  good  fall  outwards.  The  structure  should  be  of 
sufficient  size  for  a  man  to  stand  upright  in,  and  should  be  provided  with 
ample  light.  The  ventilation  should  be  free  and  secured  by  louvred  panels 
or  simple  holes  in  the  door,  with  a  scuttle  out-board.  The  best  form  of 
apparatus  is  a  short  hopper  made  of  galvanised  iron  attached  to  an  iron  soil- 
pipe,  the  apparatus  being  open  to  the  air  beneath.  If  the  seat  be  made  to 
lift  up,  the  closet  may  be  used  as  a  urinal,  thus  obviating  the  necessity  for 
what  is  always  a  source  of  trouble  on  ships.  Passenger  ships  and  the  better 
class  of  vessels  are  usually  provided  with  valve  closets  flushed  with  water 
from  a  cistern,  and  having  a  valve  fitted  to  the  lower  end  of  the  soil-pipe 
so  as  to  prevent  the  entrance  of  sea-water.  In  these  vessels  the  latrines  for 
the  crew  are  ordinary  trough  closets.  In  piany  of  the  smaU  cargo-boats,  the 
pail  is  the  only  form  of  convenience  in  use.  In  small  yachts  and  some 
fishing-boats  special  kinds  of  closets  are  in  use,  especially  where  these 
conveniences  must  be  placed  below  the  water  line  and  where  the  ordinary- 
discharge  by  gravity  is  impossible.  In  these  closets  the  flush-water  is 
drawn  directly  from  the  sea  by  the  user  pulling  the  handle  of  a  pump 
at  his  right  side ;  the  contents  of  the  basin  are  discharged  by  a  valve  opened 
by  a  handle  near  his  left  hand.  Any  quantity  of  water  may  be  used 
for  flushing,  and  with  ordinary  care  these  closets  answer  their  purpose  well. 

The  soil-pipes  of  all  ships'  Avater-closets  shoidd  discharge  at  a  proper 
distance  from  the  deck  and  out  of  sight.  Where  possible,  closets  should  be 
in  the  after  part  of  ships,  so  that  the  soil-pipe  may  shoot  over  or  through 
the  counter  near  the  sternpost. 

The  closets  for  the  crew  should  be  near  the  men's  quarters,  but  not  so 
close  as  to  cause  any  nuisance.  Where  a  closet  actually  adjoins  a  forecastle, 
the  bulkhead,  if  wooden,  should  be  doubled  with  a  layer  of  felt  between  the 
two  thicknesses,  and  extra  ventilation  arranged  for. 

The  proportion  of  privies  or  closets  on  passenger  and  emigrant  ships 
required  by  the  Board  of  Trade  in  their  Instructions  as  to  Survey  of  Pas- 
senger Accommodation,  Masters'  and  Creio  Spaces,  1895,  is  at  the  rate  of  two 
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for  twenty  of  crew.  Under  the  eleventh  schedule  of  the  Merchant  Ship- 
ping Act,  1894,  every  passenger  or  emigrant  ship  must  be  provided  with  at 
least  two  privies,  and  with  two  additional  privies  on  deck  for  every  100 
passengers ;  and  in  ships  carrying  as  many  as  fifty  female  passengers  with  at 
least  two  water-closets  under  the  poop  or  elsewhere  on  the  upper  deck  for 
the  exclusive  use  of  women  and  yoimg  children.  The  privies  must  be  placed 
in  equal  numbers  on  each  side  of  the  ship,  and  need  not  in  any  case  exceed 
twelve  in  number.  All  such  privies  and  water-closets  must  be  firmly  con- 
structed and  maintained  in  a  serviceable  and  cleanly  condition  throughout 
the  voyage,  and  may  not  be  taken  down  until  the  expiration  of  forty-eight 
hours  after  the  arrival  of  the  ship  at  the  final  port  of  discharge,  unless  all 
the  steerage  passengers  quit  the  ship  before  the  expiration  of  that  time.  In 
ships,  other  than  emigrant  ships,  when  lying  in  dock,  the  usual  regulation 
is  that  the  closets  should  be  cleaned  and  kept  fastened,  the  crew,  if  remain- 
ing on  board,  going  on  shore  for  accommodation. 

In  the  Royal  Navy  the  usual  form  of  closet  for  officers  is  that  Icnown 
as  the  "Duplex  valve  closet."  The  outlet  of  the  pan  is  closed  by  two 
metal  valves  so  arranged  that  while  one  is  open  the  other  is  shut,  aud  vice 
versa.  The  outlet  of  the  soil-pipe  is  further  protected  by  an  automatically 
acting  leather  or  metal  valve.  The  escape  of  compressed  or  pent-up  air 
in  the  soil-pipe  is  provided  by  means  of  a  vent  delivering  outside  the 
bulwarks.  In  torpedo-boats,  where  the  closet  is  below  the  water  line, 
the  special  form  of  closets  already  described  are  provided.  For  seamen 
and  the  crews  of  warships  ordinary  trough  closets  or  latrines  are  supphed 
at  the  rate  of  three  for  every  hundred  seamen  and  marines.  These  latrines 
are  usually  placed  forward  on  one  or  both  sides  of  the  forecastle,  and 
completely  disconnected  therefrom.  Urinals  are  commonly  put  ori  the 
opposite  side  of  the  deck  to  the  latrines.  Closets  for  officers  are  placed 
either  on  the  upper  deck  or  on  the  fore  part  of  the  main  deck. 

Accommodation  for  Crew.— In  merchant  ships  the  crew  are  berthed 
either  in  forecastles  or  deck-houses.  Forecastles  are  of  two  kinds,  according 
to  situation.  The  upper  or  top- gallant  forecastle  is  placed  upon 'the  upper 
deck,  right  forward ;  it  has  side  lights  or  scuttles,  and  is  entered  by  a  door- 
way. Lower  forecastles  are  found  only  in  small  vessels.  They  are  below 
deck,  and  are  entered  by  a  hatch,  measuring  usually  2h  feet  square  and 
sometimes  covered  Avith  a  scuttle.  Leading  from  the  halch  into  this  fore- 
castle is  a  ladder  or  flight  of  steep  steps.  This  lower  forecastle  is  a  most 
unsatisfactory  lodging,  and  one  which  it  is  scarcely  possible  to  keep  in  a 
sanitary  condition.  The  top-gallant  forecastle  is  far  preferable,  but  the  ideal 
accommodation  for  seamen  is  undoubtedly  the  deck-house,  now  met  with  on 
the  better  class  of  British  vessels,  but  most  frequently  seen  on  Danish  and 
Norwegian  merchantmen. 

Deck-houses  are  placed  amidships,  and  have  the  sanitary  advantao-es  of 
light,  air,  accessibility,  and  possibilities  for  the  greater  convenience  ancl  com- 
fort of  their  occupants.  Even  on  small  sailing-vessels  it  is  found  that  the 
erection  of  deck-houses  does  not  materially  interfere  with  the  workino-  of 
the  ship.  ° 

In  some  boats  engaged  in  the  cattle  trade,  the  animals  occupy  the  whole 
fore  part  of  the  vessel,  while  the  crew  are  berthed  below  in  the  after  part 
with  the  officers  placed  amidships  in  a  deck-house.  ' 

The  legitimate  contents  of  crew  spaces  are  hammocks  or  bunks  beddin-^ 
lockers,  chests,  a  table,  stove  and  lamps.  Unfortunately,  many  crevV  quarters 
too  frequently  contain  other  articles,  which,  to  say  the  least,  are  improper. 
These  articles  embrace  all  the  different  materials  and  implements  on  board 
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Avhicli  it  is  possible  to  stow  away,  notably,  sails,  cordage,  spare  blocks,  cans, 
buckets,  brushes,  paint,  tar,  oil,  paraffin,  wet  clothes,  boots,  and  even  provi- 
sions. These  various  articles  not  only  pollute  the  air,  but  materially  occupy 
space,  and  that  illegally.  The  principal  defects  of  sailors'  quarters  may  be 
summed  up  as  insufficient  height,  hght,  ventilation,  and  means  of  heating ; 
to  these  may  be  added  effluvia  from  cargo  or  bilge-water,  improper  storage, 
and  overcrowding. 

The  Merchant  Shipping  Act,  1894,  section  210,  requires  that  every 
seaman  shall  have  72  cubic  feet  of  air  space  and  12  square  feet  of  floor 
area,  and  that  such  space  shall  be  entirely  free  from  stores,  &c.  This,  the 
legal  minimum  limit,  is  certainly  too  small.  Fortunately,  in  the  larger 
ve^ssels,  there  is  a  tendency  rather  to  underman  than  to  overcrowd ;  hence- 
it  is  not  unusual  to  find  fewer  men  occupying  a  given  crew  space  than  could 
be  allotted  to  it.  On  the  other  hand,  there  are  a  certain  number  of 
vessels  on  which  the  minimum  only  is  provided,  and  the  opinion  prevails 
that  this  allowance  should  be  increased  to  not  less  than  100  cubic  feet  per 
head.  If  the  height  of  the  forecastle  were  6  feet,  this  would  allow  16  square- 
feet  per  man,  or  a  fairly  reasonable  allowance. 

It  is  noticeable  that  the  Act  of  1894  does  not  specify  that  a  crew  space 
shall  be  of  any  particular  height,  but  merely  provides  that  every  such  place 
shall  be  such  as  to  make  the  space  "  available  for  the  proper  accommodation 
of  the  men  Avho  are  to  occupy  it "  ;  it  also  provides  for  a  minimum  amount 
of  cubic  capacity,  as  well  as  a  minimum  amount  of  floor  space  per  man.  ^ 

In  iron  ships  moisture  frequently  condenses  from  the  air  of  the  crew  s- 
quarters  on  to  the  metal  plates  and  beams  overhead,  rendering  the  apart- 
ment damp  generaUy,  and  also  dropping  into  the  bunks  and  wetting  the 
seamen's  bedding.  This  evil  can  be  remedied  by  sheathing  the  metal  with 
wood,  or  covering  it  with  thick  varnish  and  dusting  thereon  finely 
granulated  cork.  Where  wood  sheathing  or  sweat-boards  are  used,  this 
lining  often  serves  as  a  resting-place  for  filth  and  vermin.  The  surveyors 
of  the  Board  of  Trade  are  instructed  not  to  sanction  wood  hnmg  unless 
fitted  quite  close  to  deck  and  sides. 

Seamen's  bunks  should  be  arranged  so  as  to  leave  a  clear  space  between 
them  and  the  ship's  side.  This  space  should  be  wide  enough  for  a  man  to. 
pass  round  for  cleaning  and  painting  purposes.  In  no  case  should  a  crew 
space  be  certified  for  a  greater  number  of  seamen  than  there  are  bunks  titted 
for  The  bunks  themselves  should  be  made  of  iron  covered  with  a  non- 
conducting composition.  They  should  be  not  less  than  6  feet  long  by  2  feet 
wide,  and  arranged  in  two  tiers  only;  the  distance  between  each  tier  and 
between  the  upper  tier  and  the  deck  should  be  not  less  than  2  feet  6  inches. 
The  bottom  of  the  lower  bunk  should  be  at  least  12  inches  above  the  tioor 
level,  so  as  to  permit  of  thorough  cleansing  underneath.  Hammocks  are  pre- 
ferable to  bunks  as  sleeping  accommodation  for  seamen,  on  account  ot  their 
bein"  more  cleanly  and  occupying  less  space.  .  i      r  j 

In  all  forecastles  and  crew  spaces  the  decks  or  floors  must  be-  of  wood, 
not  less  than  21  inches  thick,  properly  laid  and  caulked  Planks  laid  on 
quartering  over  an  iron  deck,  or  loose  boards  on  an  iron  deck,  are  inadmis- 
sible The  floor  or  deck  should  slope  to  a  well-constructed  ^vfer-way, 
which  should  be  efficiently  drained  by  trapped  scuppers  so  placed  that  they 
can  be  readily  seen  and  cleaned.  ,  ^   ,    i  ■     „  „„„ 

In  the  Royal  Navy  the  crews  of  battleships  and  fixst  class  craisers  aie 
commonly  berthed  between  decks ;  but  in  some  of  the  sinaller  c«^^^^^^^^ 
is  accommodation  in  the  top-gallant  forecastle     As  m  the        ^^^^  ^^^f^^ 
these  forecastles  are  apt  to  be  damp  and  unhealthy,  owing,  to  water  gain- 
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ing  access  through  the  hawse  pipes  when  the  ship  is  under  way.  There 
appears  to  be  no  exact  scale  of  berthing  accommodation  for  seamen  and 
marines  laid  down  by  the  Admiralty.  The  number  berthed  in  any  givea 
space  is  mainly  determined  by  the  so-called  hammock  space ;  the  usual 
interval  between  the  hammock  hooks  as  seen  projecting  downwards  from 
the  beams  or  girders  being  18  inches.  The  cubic  space  actually  avail- 
able in  the  crew  spaces  varies  in  different  classes  of  ship  and  often  in 
different  parts  of  the  same  ship ;  it  may  be  roughly  stated  to  vary  from  100' 
to  200  cubic  feet  per  man.  In  the  naval  transports  or  troopships,  the  ship's 
company  are  berthed  separately  in  the  forecastle,  while  the  troops  are  placed 
in  the  mam  deck  and  in  the  fore  part  of  the  lower  deck.  In  these  ships  the 
actual  cubic  space  avaHable  for  both  sailors  and  soldiers  is  little  in  excess  of 
80  cubic  feet  per  man. 

Accommodation  for  Passengers.— As  regards  accommodation  for  passen- 
gers and  emigrants  there  are  special  provisions  in  the  Board  of  Trade's. 
Kegulations  and  m  the  tenth  and  eleventh  schedules  of  the  Merchant 
bhippmg  Act,  1894,  which  direct  "  that  the  height  between  decks  must  not  be 
less  than  6  feet,  that  there  must  not  be  more  than  two  tiers  of  berths  on  any 
one  deck  and  that  the  height  between  the  tiers  and  between  the  upper  tier 
and  the  deck  overhead  must  not  be  less  than  2 J  feet.  In  respect  of  floor 
area,  it  is  laid  down  that  on  the  upper  passenger  deck  there  must  be  at  least. 
15  square  feet,  and  on  the  lower  passenger  deck  18  square  feet  for  each 
adiUt ;  but  if  the  height  between  decks  on  the  lower  passenger  deck  be  less 
than  7  feet,  and  if  the  apertures  (exclusive  of  side  scuttles)  through  which 
Jjght  and  air  are  admitted  together  are  less  in  size  than  in  the  proportion  of 
square  feet  to  every  100  superficial  feet  of  that  deck,  then  the  floor  area  of 
each  adult  must  be  at  least  25  square  feet." 

The  Board  of  Trade's  Instmctions  as  to  Survey,  1895,  enact  that  the 
number  of  passengers  to  be  carried  in  the  after-cabins,  saloons,  or  fore- 
cabins  must  be  determined  by  the  number  of  berths  or  sofas,  properly 
constructed  for  sleepmg-berths,  and  so  much  of  the  floor  area  of  the  saloons 
or  principal  cabins  as  is  not  covered  by  tables  or  permanent  fittings  may 
be  measured  at  the  rate  of  9  square  feet  for  each  passenger.  The  floor  of 
state  rooms  is  not  to  be  counted  for  passengers,  but  the  berths  may  be 
counted,  provided  there  are  72  cubic  feet  of  space  in  the  state  room  for  each 
passenger. 

The  aggregate  number  of  passengers  other  than  saloon  or  first  class 
passengers,  as  certified  on  the  passenger  certificate  of  any  vessel  or  ship,  is 
limited  to  SIX  times  the  number  for  which  there  is  a  clear  sheltered  space 
for  the  voyage;  such  sheltered  space  may  be,  either  space  in  a  house  on 
deck,  or  m  a  cabin  below  deck,  or  under  a  waterproof  turtle-back  open  only 
at  the  alter  end,  or  m  two  or  more  of  such  spaces. 

Clear  space  on  the  spar  or  weather-deck  must  be  left  for  the  use  and 
exercise  of  passengers,  at  the  rate  of  at  least  10  superficial  feet  for  each 
aduJt.  -No  greater  number  of  passengers  may  be  carried  than  in  the  pro- 
portion of  fifteen  for  every  100  tons  of  a  ship's  registered  tonnage 

Accommodation  for  Sick  Persons.-In  respect  of  hospital  accommodation 
on  ordinary  merchant  ships  there  appears  to  be  no  definite  regulation 

^.nri,  ?  '^"^y  ^^''^^  «^  ''^^ys^^^  so^^'^  special  arrange- 

ment should  be  made  for  the  berthing  of  sick  members  of  the  crew  The 

position  of  such  accommodation  will  necessarily  vary  according  to  circum- 
stances, but  all  that  18  essential  is  a  well-ventilated  isolated  structure  fitted 
with  an  iron  cot  washstand,  and  seat.  This  much  at  least  should  be 
available  in  case  of  accident  or  illness  where  a  patient  requires  to  be  kept 
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■nuiet  or- in  the  event  of  infectious  disease.  In  this  latter  circumstance, 
provision  of  such  means  of  isolation  are  obvious  and  cannot  be  too  strongly 

'""''intessels  carrying  passengers  or  emigrants,  the  Merchant  Shipping  Act 
and  Regu  at  r  of  the  Board  of  Trade  demand  the  provision  o  hospital 
Jccommodat  on  in  the  proportion  of  not  less  than  18  square  feet  of  floor 
areaX  every  fifty  passengers.  The  lighting  and  ventilation  must  be  such 
"  as  the  circumstances  of  the  case  may.^in  the  judgment  of  the  emigration 
officer  at  the  port  of  clearance,  require."  . 

Tn  the  Roval  Navy  the  hospital  accommodation  or  stck  hay  is  usually 
constructed  in  definite  relation  to  the  number  of  the  crew  on  any  given 
vessel     The  usual  proportion  in  battleships  is  a  sleeping  accommodation 
for  3  per  cent,  of  the  total  ship's  complement,  the  floor  area  allowed  being 
from  20  to  30  square  feet  per  man.    The  location  of  the  sick  bay  varies  m 
Sfferent  classes  of  ship.    In  the  more  modern  large  battleships  it  occupies 
the  midship  part  of  the  main  deck,  where  it  is  lighted  and  ventilated 
irom  above,  and  also  by  means  of  louvres  and  gratings  m  the  bulkhead  . 
■In  some  few  other  large  ships  it  is  on  the  upper  deck  mside  the  super- 
structure, where  it  receives   natural   ventilation,  and   is   lighted  from 
above,    in  the  smaller  ships  the  sick  bay  is  situated  on  the_  fore  part  of 
the  main  or  lower  deck.    In  these  cases,  natural  ventilation  is  the  excep- 
tioirand  provision  is  made  for  special  means  of  lighting  and  supply  of 

^^^%Tiloners  in  the  Royal  Navy  receive  special  accommodation  on  board 

-battleships  and  cruisers.    This  f^^^'^ff''\'''''^'^\^Jl^^^^ 
usually  placed  on  the  main  or  lower  decks.    In  size  they  average  iOU 
•cubic  feet  per  man;  if  not  ventilated  by  natural  means  they  are  always 
specially  connected  with  the  system  of  artificial  ventilation  provided  for 

^^'^  V^ntUation  on  Shipboard.— This  is  one  of  the  most  important  points  to 
-be  considered,  and  often  one  of  the  most  difficult  to  «f  f  ^^^^J^^^^^^^^^ 
The  ventilation  of  ships  has  been  aptly  compared  to  that  of  an  ii^icorked 
-bottle,  and  the  larger  the  vessel  the  more  complex  does  the  question 

^^'^  Although  the  (dr  of  ships  is  sweet  and  fresh  above  deck,  it  is  notoriously 
foul  below     The  chief  causes  of  this  are  (1)  excessive  humidity  arising  not 
.only  from  respiration,  but  from  washing  of  decks  and  the  -^tt-S 
various  parts  by  sea-water  gaining  access  m  rough  weather ,  (2)  excess  oi 
iXn  rxide'associated  with  "organic  effluvia,  attributable  to  re^-^^^^ 
vitiation  and  the  products  of  combustion  from  oil  ^'^^^^^f  ^^^^^^ 
.sulphides  of  ammonium  and  hydrogen  emanatmg  from  the  ^^^^^^^f  ^he 
product  of  chemical  interaction  between  sea-water,  wood  or  ^?^etal  work,  oi^^ 
cotton  waste  from  engines,  soap,  paint  decomposing  organic  nm  te^  dead 
rats,  coal  dust,  and  cargo  material  of  various  kinds ;  f""^^^ 
■cargoes,  more  particularly  from  cattle,  sugar,  grain,  l^"^''' ",^^1^^^^^^^ 
fuel,  bones,  fish,  onions,  tar,  and  petroleum;  (5)  gases  from  coal  bunkers, 
the  products  of  heat  and  moisture  fnllowinc 

In  respect  of  the  evil  effects  of  cargoes  on  the 
legislative  enactments  are  of  importance.  The  Board  of  T  ade  /^.^im^ 
nRfn  Survey  1895  provide  "that  every  place  occupied  by  seamen  snaii 
:  VZ^'JZliX  shut  off  and  protected  from  f^^^  ^ 
be  caused  by  cargo  or  bilge-water  ;  the  surveyor  must,  there  oie,  see  tlut 
the  bulkheads,  sides,  and  decks  of  the  crew  spaces  are  so  fitted  laid  and 
•caulked,  and  a^e  of  such  thickness  that  this  provision  is  comphed  with,  cVc. 
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The  bulkheads,  if  made  of  wood,  should  be  constructed  of  well-seasoned 
material,  and,  besides  being  tongued  and  grooved,  should  be  doubled  with 
felt  between,  or  battened  over  the  seams  with  felt  under  the  battens." 

In  passenger  or  emigrant  ships,  under  the  Merchant  Shipping  Act,  1894 
schedule  13,  it  is  provided  that  "animals  shall  not  be  carried  on  any  deck 
below  that  on  which  passengers  are  berthed,  nor  in  any  compartment  in 
which  passengers  are  berthed,  nor  in  any  adjoining  compartment,  excepting 
a  ship  built  of  iron,  and  of  which  the  compartments  are  divided  off  by 
watertight  bulkheads  extending  to  the  upper  deck  " 

Passenger  ships  of  less  than  500  tons  register  may  not  carry  more  than 
two  head  of  cattle,  nor,  in  larger  vessels,  more  than  one  additional  head 
for  every  additional  200  tons,  nor  more  in  aU  than  ten  head  of  large 
catte.  The  expression  "large  cattle"  includes  both  sexes  of  horned 
cattle,  deer  horses,  and  asses  ;  and  four  sheep  of  either  sex,  or  four  female 
goats,  are  deemed  equivalent  to,  and,  subject  to  the  same  conditions,  may 
be  carried  m  leu  of  one  head  of  large  cattle.  Not  more  than  six  dogs,  and 
no  pigs  or  male  goats,  may  be  conveyed  as  cargo  in  any  passenger  or  emigrant 

Speaking  generally   the  ventilation  of  ordinary  merchant  or  trading 

there,  and  when  provided,  their  use  is  often  neglected.  It  is  otherwise  in 
the  mail  or  passenger  ships  and  in  the  ships  of  the  Royal  Navy,  where  the 
«^dpTV  appreciated;  but  even  in  these  vessels  it  is 

^^tilTsl^Zeir'^'''  and  variety  of  appliances  in  use  that  the 

As  regards  methods  of  ventilation  on  ships,  their  principles  and  applica- 
tion do  not  differ  materially  from  those  of  ventilatioi  on  shore,  a  abeady 
«ated  in  Chapter  III.  of  this  book.  Where  possible,  natura  vSa^ 
tion  IS  aimed  at,  but  m  the  larger  vessels  and  i'n  men-^f-war,  owfng  to 
pecuharities  of  structure,  natural  methods  are  impossible  ;  in  them  venWation 
can  only  be  secured  by  artificial  means,  and  even  then  often  but  impeSy 
The  special  appliances  used  for  effecting  natural  ventilation  in  ships  are" 
hatchways  and  sky  ights,  ports  and  scuttles,  windsails  and  trysail?  fixed 
tubular  ventUators  hoUow  iron  masts,  and  the  funnel  casing.  Xrartifidal 

c::^"  ZJX  '""''^T'  ^"P^^^^'^  ^  and  We 

puSs.     ^       '  ^«^P^«^«<^^^        Parkin's  ventilator  and 

ird^'^J^n.iZ'T^^""      T'^^  T''^'  practically  the  only 

1 ^""f  is  usually  closed.  Some- 

hTobW  1  Y'^''^',"^^'^  side  openings,  but  quite  insufficientTor 

the  object  desired.    A  few  lower  forecastles  have  a  hole  of  six  inches 

SftSToSd.''^  ''^'^  '         -  ventiitoTbS 

«,V1p1^%*'''P  forecastles  of  the  larger  sailing-vessels  and  steamers  have 

side  ports  or  scuttles  opening  to  the  outer  air  in  addition  to  other^eans  of 

J  rlT"^-  •^'^  'ft  f?'"'"''  '^'So  boats,  where  a  large  amount 

of  fresh  air  is  needed,  the  ventilation  of  the  decks  and  holds  is  commonW 
effected  by  ordinary  circular  cowled  tubes  and  by  largrflafc. X  shS^J 

wards°^'?T  n^"^'  ^^7"^^^^  ^1'^  ''^'"^'^  ^^P^  direct  t  e  alr  do^l 
wards.  Holds  are  almost  invariably  ventilated  by  windsails  trvsiHs  nr 
fixed  tubular  ventilators  surmounted  by  a  cowl      The  Sbf  nf 

iJX'^lf  ;F  ^'l      S'^'      ''''  in  front      tH\u  i^'^^: 

South         there  be  less  than  6  feet  from  deck  to  bottom 'of  cowl  o^ 


■|^Q44  MARINE  HYGIENE. 


The  windsail  or  trysail  is  practically  a  canvas  cowl,  consisting  of  a  tube 
or  shaft  the  upper  end  of  which  is  fitted  with  wings  or  valves  to  direct  the 

^  r^wrtlni  tube  It  is  most  commonly  met  with  m  the  naval  service 
T^eX^  -^o:\^Lll  it  acts  is  lilJthat  of  ordinary  tubular  fixed 
ventiC^^^^  an  adjustable  cowl,  or  the  propulsion  of  fresh  air  into 
Ihfpa  ts  to  be  v°entilated  by  means  of  the  ship  s  motion.  AH  these  con- 
trivances are  inoperative  unless  the  inlet  be  directed  to  the  wind.  In 
cairweather  they  are  more  or  less  useless  unless  the  vessel  be  moving 

'""'in^modern  ships  the  employment  of  hollow  iron  masts  constitutes  an 
ixuportant  means  of  ventilating  holds  and  spaces  between  decks ;  m  a  sim  lar 
way  he  bitts  are  often  made  hollow  in  imn  ships  and  can  be  ^^^^e  to  act  as 
ventilators.  The  funnel  casings,  also,  of  steamers  can  be  perforated  with 
LTtints  or  louvres,  and  independently  of  its  artificia  action  by  virtue  of  an 
fpdSit  produced  in  it  by  heat  radiated  from  boi  ers  funnel  and  steam- 
pFpeff  ^^^^^  and  directly  available  as  an  outlet  for  the  removal  of 

crew  space  is  P-P-^to^^^^^^^^^^ 
vessel  the  decision  rests  with  the  surveyor  of  the  Board  of  Trade  liis 
-  TStructions"  on  this  point  are  as  foUows:-"The  simplest  method  is  to 
have  anVir pipe  with  f  revolving  cowl,  which  in  lower  forecastles  must  be 
^s  hiXas  tUbulwarks,  fitted  at  each  end  or  side  of  the  crew  «Pace,  so  hat 
while  impure  air  escapes  at  one,  pure  and  fresh  air  will  enter  at  the  other, 
;d  a  cSrut  circuJion  be  kep't  up     ^h^  .uch  means  for  v^^^^^^^^^^^^ 
are  adopted  one  of  the  ventilators  should  pass  through  the  deck  to  at  least  the 
J^wS  lde  ofThe  beams."    Mushroom  ventilators  should  be  discouraged,  as 
thrscrews  are  liable  to  rust  and  to  become  jammed,  while  the  openmg  is 
S~uch  less  than  the  sectional  area  of  the  tub.    The  Board  of  Trad 
An  not  permit  these  ventilators  unless  they  are  at  least  60  mcnes  ^^0^/"^ 
top  gaUrntTol  and  as  high  as  the  bulwarks  for  orec^  les 

inttles  companions,  and  doors  are  not  to  be  considered  as  efficient  means 
of  vent  i^^^^^^^^^  ^P---  There  must  always  be  two  ventilators^  A^ong 
other  pro^^^^  for  op-gallant  forecastles  is  one  for  oP^^^^^f^iV  -fl  Lm^ 
Stom  of  the  bulkheads?  covered  with  perforated  zinc,  and  fitted  with  doois 

Under  "the  Merchant  Shipping  Act,  1894,  it  is  enacted  that  "  no  pas- 
oo^c/pr  .bin  shlll  clear  out  or  proceed  to  sea  without  such  provision  for  afford- 
nXht  and  ab  decks  as  the  circumstances  of  the  case  may,  m 

hi  ju'dgren^^^^^^^^^^^  officer  at  the  port  of  ^^^p"Z\L^2 

there  are  as  many  as  one  hundred  passengers  on  board,  without  having  an 
2,rteTnrp"opIr  ventilating  apparatus,  to  be  approved  b^^^^^^^^^^ 

-fepS^^r^rs 

'°  'tI'^  vSot'  means  of  securing  ventilation  on  sliips,  as  yet  mentioned 
incll%T«~ret  less  JailaUe 

the  different  parts  of  the  vessel.    The^«.  JX"'  ^  are  only 

under  appropriate  circumstances,  arc  only  of  lim  ted  value,    oo.  j 
^"Sableyring  fine  weather,  while  °*ers -.r'  °n  y  of  m^^^^^^^^ 
parts  of  ships.   It  is,  -.J--»7i  .^^^^^^^^^^^  and  on 

srpr^\:ss*,xtnii;y^j:5f^ 
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Experience  shows  that,  on  ships,  the  most  satisfactory  system  of  artificial 
ventilation  is  one  by  propulsion.  The  interior  of  a  ship,  especially  a  large 
ship,  is  so  complicated  that  ventilation  by  extraction  or  exhaust,  unless 
maintained  for  a  long  period,  will  produce  no  appreciable  improvement  in 
the  state  of  the  air  in  the  more  remote  parts.  Under  similar  conditions,  if 
the  system  of  air-trunks,  shaft  and  delivery  tubes  be  Avell  planned,  artificial 
ventilation  by  propulsion  is  readily  efficient  throughout  the  largest  vessels. 
The  comparative  value  of  artificial  ventilation  methods  has  been  discussed 
already  on  page  235,  et  seq.,  and  the  general  arguments  there  expressed  are 
fully  applicable  to  the  conditions  met  with  on  board  ships.  Just  as  in  mines, 
tunnels  and  buildings  on  shore,  so  in  ships  the  resistance  to  the  movement 
of  the  air  due  to  friction  from  the  air-trunks,  abrupt  turns,  angles,  bends, 
expansions  and  contractions  of  ducts,  and  from  eddies  is  enormous,  so  much 
so  that  a  large  part  of  the  power  employed  to  produce  air-currents  is  needed 
to  overcome  this  resistance;  and,  moreover,  ventilating  engines  on  board 
ship  as  elsewhere  are  usually  constructed  so  as  to  provide  a  large  reserve  of 
power  for  overcoming  such  resistances. 

In  respect  of  the  general  conformation  of  air-trunks  and  ducts  in  ships, 
although  the  circular  or  cylindrical  form  is  more  economical  as  regards 
friction,  owing  to  exigencies  of  ship  construction,  it  is  the  practice  generally 
to  adopt  rectangular  ducts  in  all  large  vessels.  These  various  air-trunks  are 
usually  provided  with  valves,  in  order  to  prevent  the  passage  of  water 
through  watertight  bulkheads  by  means  of  these  air-channels,  in  case  of 
accident.  In  men-of-war  these  valves  are  further  necessitated  in  order  to 
enable  communication  by  the  ventilating  tubes  between  the  magazines  and 
the  rest  of  the  ship  to  be  shut  off  in  case  of  fire.  The  actual  air-valves  are 
either  automatic  or  hand-worked.  In  some  cases  the  occlusion  of  the  lumen 
of  the  air-trunk  is  secured  by  the  rising  of  a  float  on  the  incoming  water ; 
in  others  a  hollow  metal  float  releases  a  catch  which  permits  a  weighted 
sluice  valve  to  close  the  air-tube.  In  men-of-war  all  air-tubes  passing 
through  watertight  bulkheads  and  protective  decks  are  automatic ;  those  in 
the  magazine  air-tubes  are  hand  sluices. 

The  following  is  a  summary  of  the  many  forms  of  apparatus  for  artificial 
ventilation  that  have  been  or  are  now  used  in  ships. 

1.  Pipes  from  the  hold,  &c.,  opening  beneath  or  over  fires.  The  draught 
induced  by  the  heat  removes  the  foul  air  from  the  lower  parts  of  the  ship  to 
the  fire,  where  it  is  consumed. 

2.  Placing  special  exhaust  or  foul-air  pipes  inside  the  funnel  casing  of 
steamships. 

3.  Steam  or  gas  jets  discharging  into  exhaust  pipes.  Edmund's  steam 
jet  is  in  use  in  the  Navy. 

4.  Air-pumps  fitted  to  special  outlet  tubes. 

5.  Cowls  of  various  kinds  fixed  to  exhaust  pipes.  In  Boyle's  system  by 
this  method,  fresh  air  is  introduced  by  special  downcast  ventilators. 

6.  J ets  of  compressed  air  discharging  into  a  main  air-trunk.  This  is  D.  C. 
Green's  system  in  use  on  some  merchant  ships.  The  air  is  under  a  pressure 
of  from  3  to  4  a  per  square  inch,  and  the  discharge  of  a  cubic  foot  of  this 
compressed  air  is  said  to  induce  the  discharge  of  25  cubic  feet  of  ordinary 
air.    This  system  can  be  used  for  either  propulsion  or  extraction. 

7.  Pprkin's  automatic  ventilator  is  an  exhaust  arrangement  wliich  in 
various  forms  lias  l)een  tried  with  indifferent  success  in  the  Navy,  and 
depends  for  its  action  upon  the  roUing  or  pitcliing  motions  of  the  ship.  It 
consists  of  two  cylindrical  tanks  placed  one  on  each  side  of  tlie  deck,  and 
connected  below  by  a  horizontal  tube.    From  the  upper  part  of  each  vessel 
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pass  two  tubes ;  one  leads  upwards  to  the  outer  air,  the  other  downwards  to 
the  space  to  be  ventilated.  Each  of  these  tubes  is  fitted  with  valves.  Each 
cylinder  is  filled  half  full  with  water.  As  the  ship  rolls,  water  gravitates 
from  one  tank  to  the  other,  and  by  so  doing  sucks  foul  air  into  one  vessel 
and  expels  it  from  the  other.  It  is  practically  an  automatic  air-pump,  but 
only  capable  of  action  Avhen  the  ship  is  rolling  or  pitching.  It  is  placed 
diagonally  in  the  ship,  but  owing  to  the  small  volume  of  air  operated  upon 
does  not  give  results  commensurate  with  the  space  which  the  apparatus 
occupies.  The  same  principle  has  been  adopted  in  the  ventilating  pumps 
of  Thiers  of  New  Orleans  and  of  Roddy  of  New  York ;  neither  of  these 
arrangements  have  been  altogether  satisfactory. 

8.  Rotary  fans  of  various  kinds.  The  general  principle  and  power  of 
these  appHances  have  already  been  considered  at  page  232.  Their  use  is 
very  general  in  the  Royal  Navy,  especially  in  the  form  of  centrifugal  fans 
varying  from  3  to  6  feet  in  diameter.  Blackman's  fans,  which  are_  not 
centrifugal,  are  not  much  used  in  H.M.  ships,  except  for  moving  air  in 
comparatively  small  spaces,  such  as  cabins. 

The  following  list  shows  the  relative  number  of  supply  and  exhaust  fans 
fitted  in  some  of  H.M.  ships ;  it  clearly  shows  that,  whHe  the  principle  of 
extraction  is  not  altogether  ignored  in  the  Navy,  the  preference  is  given  to 
supply  methods  of  ventilation. 


Name  of  Ship. 


Exhaust  Fans. 


Number.  Diameter. 


Devastation, 
Thunderer, 

Trafalgar,  . 

Nile,  . 
Imperieu.se, 
Edinburgh, 
Colossus,  . 
Inflexible,  . 
Vulcan, 

Polyphemus, 

Howe, 
Anson, 
Camperdown, 

Koyal  Sovereign, 

Royal  Artliur, 

Dreadnought, 
Neptune,  . 
CoUingwood, 
Severn, 
Galatea, 
Barossii, 
Barhani, 
Bellona, 
Calliope,  . 


3 
2 
2 
2 
1 
2 


4'  6" 
4'  6" 
twof  6'  0" 
onet  4'  0" 
4'  6" 
3'  6" 
3'  0" 
3'  0" 
3'  3" 
4'  0" 

3'  6" 

3'  0" 
3'  0" 
3'  0" 


Supply  Fans. 


Number.  Diameter. 


4 
4 

6 
6 
8 
?, 


5 
4 
4 

12 

5 

6 
4 
4 
2 
2 
2 
2 
2 
1 


5'  6" 
5'  6" 

4'  0" 

4'  6" 
4'  6" 
4'  1" 
4'  6" 

4'  0" 
4'  0" 
one  f  4'  0" 

4'  0" 
4'  0" 
4'  0" 
six  j  6'  0" 
„  t5'6" 
four/ 5'  0" 
ets'  0" 
4'  0" 
4'  0" 
4'  0" 
4'  0" 
3'  0" 
3'  0" 
3'  0" 
3'  0" 
3'  0" 


one 


Heating  and  Lighting.— Apart  from  considerations  of  cliiiiate  the 
temperature  or  warmth  of  a  ship  depends  upon  the  material  of  which  sne 
is  constructed,  whether  she  is  propelled  by  steam  or  not,  and  upon  tlie 
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condition  and  nature  of  her  cargo.  Sailing-ships  are  as  a  rule  colder  than 
steamers ;  this  is  mainly  due  to  the  large  amount  of  coal  used  on  these  latter 
vessels.  This  extra  heat  is  naturally  greatest  near  the  furnaces,  and  not 
unfrequently  is  conveyed  to  dilFerent  parts  of  the  vessel  by  steam-pipes, 
from  which,  if  not  suitably  covered  by  some  non-conducting  material,  an 
enormous  waste  of  heat  takes  place. 

Allusion  has  previously  been  made  to  the  excessive  temperatures  which, 
often  prevail  in  engine-rooms  and  stokeholds.  In  many  cases  this  condition 
arises  from  insufficient  ventilation,  and,  unless  suitable  provision  for  the 
admission  of  fresh  air  to  the  stokeholds  is  made,  the  fires  will  not  burn 
properly.  If  adequately  ventilated,  in  tropical  climates,  the  stokeholds  of 
large  vessels  are  often  the  coolest  part  of  a  ship.  The  holds  of  ships, 
especially  sailing-ships,  are  frequently  warmer  than  other  parts.  This  ia 
partly  due  to  its  depths  from  the  external  air,  but  more  commonly  depends- 
on  heating  of  the  cargo.  Certain  cargoes,  such  as  coal,  grain,  lime,  sugar,, 
and  many  others,  are  apt  to  undergo  various  chemical  changes  attended 
with  the  evolution  of  much  heat ;  this  is  particularly  the  case  if  the  cargoes 
be  stowed  when  damp,  or  if  the  hold  in  which  they  are  placed  be  insuf-r 
ficiently  ventilated.  In  steamships,  a  common  source  of  increased  tempera- 
ture in  the  holds  is  the  blowing  out  of  hot  water  from  the  boilers  into  the 
bilges. 

Iron  ships  are  peculiarly  liable  to  extremes  of  temperature,  owing  to  the 
readiness  with  which  the  metal  conducts  heat. 

As  regarding  the  efficient  heating  of  crew  spaces  on  ships,  there  appears 
to  be  no  official  ruling.  The  various  parts  of  ships  are  usually  warmed 
artificially  by  fireplaces,  stoves,  or  by  steam-pipes  or  radiators.  In  the  fore- 
castles of  merchant  vessels  there  is  usually  a  "bogey"  or  small  square  stove, 
constructed  of  thin  cast-iron  with  a  movable  cover.  It  has  many  disadvan- 
tages :  it  requires  constant  attention,  when  heated  allows  the  products  of 
combustion  to  pass  freely  through  its  substance,  readily  cracks,  is  dangerous- 
as  a  constant  source  of  accident,  is  dirty,  and  from  its  shape  clumsy  and 
inconvenient.  One  of  the  rarest  sights  on  board  ships  is  a  bogey  stove  in 
perfect  condition.  Much  improvement,  might  be  made  in  crew  spaces  were 
a  more  rational  stove  made  compulsory  in  these  parts  of  ships.  Probably 
the  best  and  most  economical  stove  would  be  a  weU-constructed  circular 
wrought-iron  slow-combustion  one,  lined  with  fire-clay.  The  flue  should  be 
of  iron,  connected  to  the  stove  by  means  of  a  curved  pipe.  The  funnel 
should  pass  through  the  deck  by  a  properly  constructed  flange  and 
terminate  in  a  cowl.  When  not  in  regidar  use,  the  stove  might  be  dis- 
connected and  the  cowl  remain  as  a  ventilator.  Or  the  funnel  of  the  stove 
might  be  made  to  pass  up  through  the  centre  of  an  ordinary  ventilator, 
allowing  the  smoke  to  escape  at  a  higher  level ;  the  general  eff'ect  of  this- 
arrangement  would  be  to  heat  the  air  in  the  ventilator  and  so  cause  a 
considerably  increased  discharge  by  the  outlet  shaft. 

While  the  lighting  of  the  cabins  of  ships'  officers  and  saloon  passengers- 
may  be  said  to  be  fairly  good,  the  reverse  is  too  .often  the  case  in  respect  of 
emigrants  and  seamen.  These  deficiencies  are  commonly  more  apparent  tO' 
occupants  during  the  day  than  at  night,  as  during  this  latter  period 
illumination  is  eff'ected  by  means  of  oil,  candles,  or  electricity. 

The  following  are  the  official  instructions  to  surveyors  of  the  Board  of 
Trade  upon  this  important  point.  "Every  space  appropriated  to  crew 
space  should  be  properly  lighted.  To  ensure  that  such  will  be  the  case 
under  the  ordinary  conditions  of  a  vessel's  employment,  it  will  generally  be 
necessary  to  have  so  much  provision  for  light  when  the  ship  is  new  and  the 
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paint  clean,  that  if  one-third  of  it  be  closed  it  will  be  possible  to  read  the 
print  of  an  ordinary  newspaper  in  any  part  of  the  space." 

Although  the  necessity  at  times  of  supplying  light  to  forecastles  by  means 
.of  glass  prisms  or  bull's-eyes  in  the  deck  is  recognised,  the  Board  of  Trade 
discourage  their  use,  except  in  cases  where  it  is  impracticable  to  obtain  the 
•requisite  amount  of  light  by  other  means,  or  in  small  vessels  where  side 
scuttles  would  be  too  near  the  water.  The  maximum  diameter  for  side 
scuttles  is  fixed  at  10  inches,  as  a  larger  size  may  weaken  the  structural 
strength  of  the  side  plating  of  a  vessel. 

Cleansing  and  Disinfection  of  Ships. — The  unclean  condition  of  ships, 
more  particularly  small  ships,  cattle-boats  and  fishing-vessels,  _  is  very 
.common,  not  only  in  parts  which  are  out  of  sight,  but  on  their  decks, 
forecastles,  cabins,  and  holds.  In  the  Royal  Navy  and  on  the  better 
vessels  of  the  mercantile  marine,  daily  inspections  are  made  by  the  ship's 
■officers  of  the  various  parts  in  order  to  ensure  their  being  kept  thoroughly 
.clean,  and  this  routine  needs  to  be  strictly  carried  out.  Merchant  ships,  as 
a  rule,  are  not  kept  so  clean  as  warships,  which,  in  the  Royal  Navy,  by  Article 
.529  of  the  Queen's  Regulations  (1899),  it  is  the  duty  of  the  captain  to 
.strictly  supervise  and  also  to  cause  the  holds  to  be  whitewashed  every  six 
months  or  oftener  if  necessary. 

In  the  Royal  Navy  the  decks  are  cleaned  by  holy-stonmg  (wet  or  dry), 
and  in  the  berthing  parts  by  scraping  and  scrubbing  with  hot  water, 
wetting  only  small  portions  at  a  time  and  drying  thorouglily.  The  two 
former  methods  are  open  to  objection  in  the  inhabited  parts  of  the  ship,  one 
irom  filling  the  air  with  dust,  the  other  from  loading  it  with  vapour. 

The  commonest  fault  committed  in  cleansing  ships  is  to  employ  water  too 
frequently  and  in  unnecessarily  large  quantities.  Thorough  scrubbing  and 
■cleansing  can  be  efi"ectively  carried  out  without  the  use  of  large  quantities  of 
water,  which  very  often,  by  accumulation  charged  with  organic  matter  m  out 
■of  the  way  corners,  are  productive  of  more  trouble  than  the  original  dirt. 
There  is  much  reason  to  believe  that  the  unhealthiness  of  many  ships  m 
tropical  parts  is  due  to  tliis  cause ;  the  more  ships  wash  their  decks  m  these 
places,  the  more  sickly  they  are ;  the  organic  matter  in  suspense  in  the 
water  is  left  upon  the  decks  as  they  dry,  with  disastrous  results.  Great 
■care  should  be  taken  to  see  that  all  superfluous  water  is  removed,  and  that 
the  forecastle  is  dried  as  quickly  as  possible ;  in  wet  or  damp  weather  dry 
■scrubbing  should  always  be  resorted  to.  It  cannot  be  too  clearly  understood 
that  "a  damp  ship  is  an  unhealthy  ship."  Flushing  with  water  or  wet 
■scrubbing  should  not  be  carried  on  when  there  is  less  than  three  degrees 
■difference  between  the  readings  of  the  dry  and  wet  bulb  thermometers 
placed  under  a  screen  in  the  open  air.  It  should  also  be  a  rule  that,  when- 
■ever  the  weather  will  permit,  all  bedding  should  be  removed  from  the 
forecastle  or  crew  berth  spaces  and  exposed  to  the  sun  and  wind  for  a 
■certain  time  every  day.  • 

As  regards  the  details  necessary  for  the  proper  drainage  and  cleansing  ot 
merchant  ships,  their  provision  and  supervision  rests  with  the  surveyor  ot 
the  Board  of  Trade.  His  instructions  upon  this  matter  practically  amount 
to  this :— That  he  will  see  that  there  are  holes,  sufficient  m  number  and 
size,  through  the  cant  or  coaming  of  upper  forecastles  and  deck-houses,  to 
admit  of  a  ready  escape  of  water,  and  that  there  are  plugs,  with  lanyards  or 
■chains  attached,  fitted  to  each  hole.  Where  such  drainage  passes  through  a 
privy  or  other  compartment,  it  is  necessary  to  have  a  pipe  for  the  drainage 
to  pass  through  such  privy  or  compartment,  with  the  pipe  made  perfectl) 
tight  through  the  cant  or  coaming. 


CLEANSING  AND  DISINFECTION  OF  SHIPS. 


1049 


The  most  difficult  parts  of  a  ship  to  keep  sweet  or  fairly  clean  are  the 
bilges ;  that  this  is  the  case  is  readily  understood  from  the  nature  of  the 
material  and  refuse  which  they  constantly  receive.  Bilges  should  not  be 
flushed  out  with  sea-water,  neither  should  reliance  be  placed  upon  the  use 
of  deodorants  or  antiseptics ;  the  only  efficient  means  of  keeping  the  bilges 
sweet  is  to  pump  them  dry  periodically  and  completely  remove  overboard 
the  bilge-water  itself.  After  being  pumped  dry,  they  may  be  flushed  with 
fresh  sea-water  or  with  water  mixed  with  a  disinfectant  or  antiseptic. 

The  question  of  the  disinfection  of  ships  need  not  be  reconsidered  in  this 
place,  as  it  has  already  been  discussed  on  -page  742. 

Water-supply  of  Ships.— Except  in  small  sailing-vessels,  the  question  of 
supply  is  no  longer  a  difficult  one,  inasmuch  as  condensation  and  subsequent 
aeration  can  always  be  resorted  to;  however,  difficulties  often  exist  in 
regard  to  source  and  storage. 

In  ports,  ships  are  usually  furnished  with  water  by  "  water-boats  "  fitted 
with  tanks,  from  which  the  supply  is  pumped  to  the  vessel  requiring  it ; 
•or  direct  from  companies'  mains.  The  former  method  has  grave  objec- 
tions, owing  often  to  the  water-boats  being  dirty  or  having  leaking  decks, 
also  owing  to  the  difficulty,  in  cases  of  enteric  fever,  &c.,  of  ascertaining 
the  source  from  which  the  water-boat  derived  its  supply.  Where  water- 
boats  are  the  means  of  supply,  a  responsible  ship's  officer  (the  surgeon, 
if  one  is  carried)  should  always  inspect  the  barge  and  examine  the  water 
before  allowing  it  to  be  delivered  on  board,  and  should  further  insist  upon 
the  hose  being  washed  by  the  first  pumpings  before  the  end  is  put  into  the 
ship's  tank.  Under  no  circumstances  should  water  be  taken  from  a  wooden 
water-barge.  In  the  Eoyal  Navy  the  rule  is  that  no  water  is  to  be  taken 
or  used  on  board  ship  until  it  has  been  examined  and  passed  by  the  surgeon. 

In  foreign  ports  the  water  is  often  of  doubtful  and  in  some  cases  of 
absolutely  harmful  quality.  In  many  such  ports  in  place  of  methods  of 
supply,  as  above  detailed,  recourse  has  to  be  made  to  fetching  the  water 
from  shore,  either  in  casks  and  barrels,  or  by  clearing  the  ship's  boats  of  all 
removable  gear  and  then  filKng  them  with  water ;  finally  towing  them  back 
to  the  vessel,  where  the  water  is  pumped  on  board.  Sometimes  this  latter 
method  is  improved  upon  by  fitting  each  boat  with  a  collapsible  canvas  bag. 
These  methods  are  obviously  objectionable,  since  the  water  may  be  and 
often  is  fouled  by  leakage  of  sea-water  through  the  boat's  sides,  or  by 
washing  in  over  the  gunwale. 

As  an  alternative  to  the  foregoing  sources  of  water-supply,  all  laro-e 
steamships  and  vessels  of  the  Royal  Navy  rely  upon  the  distUlation  of 
water  from  sea-water.  There  are  a  large  number  of  distiUing  apparatus 
which  have  been  approved  by  the  Board  of  Trade ;  those  of  the  first  class 
will  distil  as  much  as  800  gallons  in  ten  hours.  Well-lmown  kinds  are 
those  of  Normandy,  Kircaldy,  and  Caird  &  Rayner,  all  of  which  are 
employed  m  various  ships  of  the  naval  service  and  mercantile  marine. 
The  Board  of  Trade's  regulations  as  to  the  survey  of  steamships  carrying 
passengers  state  that  the  distilling  apparatus  should,  with  certain  exceptions 
be  taken  to  pieces  every  voyage  and  tested.  "The  water  should  be  cold' 
pure,  and  fit  to  drink  immediately  after  it  is  drawn  ofi"  from  the  filter  No 
distilling  apparatus  should  be  passed  unless  fitted  with  a  suitable'  sized 
filter,  charged  with  animal  charcoal." 

The  storage  of  water  on  ships  is  a  difficult  and  unsatisfactory  matter  In 
small  vessels,  casks  are  still  in  common  use;  they  should  be  abolished 
altogether  except  in  cases  of  emergency.  The  alternate  wetting  and  dryine 
rapidly  sets  up  decomposition  of  the  wood,  and  this  being  favoured  by  want 
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of  ventilation  pollutes  the  water,  rendering  it  unfit  for  dietetic  purposes. 
If  wooden  casks  are  used,  they  should  be  properly  chaiTed  mside,  and  not 
capable  of  containing  more  than  300  gallons  :  the  staves  should  not  be 
made  of  fir,  pine,  or  soft  wood.  In  large  ships  water  is  stored  m  galvanised 
iron  tanks,  holding  often  600  gallons  or  more  each.  These,  painted  ontside 
and  cement  washed  within,  form  the  most  economical,  and  at  the  same  time 
fairly  sanitary  receptacles.  They  need  to  be  furnished  with  large  manholes 
for  the  purpose  of  cleansing,  which  should  be  carried  out  as  a  matter  of 
routine  after  each  voyage.  If  possible,  the  manhole  should  be  placed  m 
such  a  position  that  natural  light  finds  its  way  into  every  part  of  the  tank 
when  the  cover  is  removed.  Unfortunately,  too  often  these  water  tanks 
are  placed  in  most  awkward  and  inaccessible  parts  of  the  ship,  with  the 
result  that  their  supervision  and  cleansing  are  frequently  neglected. 

On  ordinary  merchant  ships  the  supply  carried  must  be  equal  to  a  daily 
allowance  of  3  quarts  per  statute  adult,  exclusive  of  the  quantity  necessary 
for  cooking,  which  latter  must  be  shipped  at  the  rate  of  at  least  10  gallons 
for  every  day  of  the  prescribed  length  of  the  voyage  for  every  100  statute 
adults  on  board  (section  295,  Merchant  Shipping  Act,  1894,  read  m  con- 
junction with  the  twelfth  schedule  of  same  Act).  Passenger  ships  provided 
with  proper  distilling  apparatus,  however,  are  required  to  store  only  half  the 
above  amount  of  water. 

In  the  Royal  Navy,  the  Queen's  Regulations  and  Admiralty  Instructions 
(1899),  Appendix  XXL,  state  that  for  troops  or  third-class  passengers  water 
"  is  to  be  issued  on  the  most  liberal  scale  possible  ;  and  the  minimum  daily 
allowance  of  water  is  to  be  for  each  individual  embarked,  6  pints  when  out 
of  the  tropics,  and  1  gallon  when  within  the  tropics,  Avhich  quantities  are  to 
suffice  for  all  purposes."  For  the  crews  and  complement  of  warships  there 
is  no  definite  enactment  in  the  Admiralty  Instructions  as  to  the  amount  of 
water  to  be  issued  daily.  General  precautions  are  taken  to  prevent  waste, 
but  practically  the  sailor  receives  an  unlimited  supply.  The  daily  average 
consumption  of  water  on  ships  of  the  Eoyal  Navy  is  4  gaUons  per  man,  and 
of  this  some  2 J  gallons  are  used  for  personal  and  clothes  washing._ 

For  the  purification  of  water  in  the  mercantile  marine,  various  filters 
charged  with  animal  charcoal  are  in  use.  For  the  same  purpose,  m  the 
Navy,  Morris'  filter  containing  manganous  carbon.  Crease's  filter  charged 
with  carbalite,  and  a  special  form  of  filter  charged  also  with  carbahte,  and 
usually  fitted  in  the  bottom  of  a  water  tank,  appear  to  be  chiefly  employed. 
The  general  conditions  and  principles  of  water  purification  on  board  ship 
do  not  differ  from  those  already  explained  under  the  chapter  on  Water;  it 
is  probably  merely  a  question  of  time  and  the  dissemination  ot  a  better 
knowledge  concerning  the  fallacies  and  dangers  attaching  to  the  use  ot 
imperfect  filters,  for  the  use  of  those  of  the  Pasteur-Chamberland  typo  to  be 
ofiicially  required  not  only  on  vessels  of  the  Royal  Navy  but  m  the  greater 
number  of  those  belonging  to  the  mercantile  marine. 

Food  on  Shipboard.— The  true  economy  and  importance  ot  providing 
the  sailor  with  good  and  adequate  food  is  sufficiently  self-evident  to  need  no 
special  arguments  in  this  place.  Yet  notwithstanding  a  practically  unani- 
mous opinion  on  this  point,  it  is  astonishing  how  little  attention  is  reall> 
given  to  the  feeding  of  seamen  by  those  who  employ  them. 

For  the  merchant  service  there  is  no  official  dietary  scale  ;  what  food  a 
seaman  shall  receive  in  any  given  ship  or  for  any  given  voyage  is  /"Jireij  . 
matter  of  contract  between  the  master  and  the  man,  and  the  Board  ot  liaa« 
merely  see  that  the  scale  is  inserted  in  the  articles  of  agreement.  in'- 
Merchant  Shipping  Act  simply  requires  that  a  diet  scale  shall  form  part 
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the  agreement,  but  in  no  way  (except  so  far  as  lime-juice  and  sugar  are 
concerned)  indicates  what  such  diet  scale  should  be.  The  following  tabular 
statement  practically  represents  the  diet  scale  usually  signed  for  by  the  crew 
in  the  majority  of  British  ships. 


Bread. 

Flour. 

Beef. 

Pork. 

Peas. 

Sugar. 

Coffee. 

Tea. 

Water. 

Sunday, 

lb. 

lb. 

lb. 

lb. 

pts. 

oz. 

oz. 

oz. 

qts. 

1 

i 

2 

1 

a 

4 

3 

Monday, 

1 

li 

"k 

2 

i 

1 

¥ 
i 

3 

Tuesday, 

1 

"i 

2 

i 

3 

Wednesday,  . 

1 

H 

3 

2 

i 

i 
i 

3 

Thursday, 

1 

i 

2 

i'i 

2 

1 

2 

3 

Friday, . 

1 

"i 

2 

i 
3 

i 

3 

Saturday, 

1 

ii 

2 

i 
2 

1 

"5" 

3 

This  dietary  has  a  mean  daily  nutritive  value  of  :  proteids,  5*2  oz. ; 
fats,  0-9  oz. ;  carbo-hydrates,  13-2  oz. ;  and  salts,  3  oz.  On  some  ships 
extras  are  allowed;  thus,  very  often  a  fresh  mess,  composed  chiefly  of 
soup-bouilli,  is  given  on  Sundays  in  addition ;  occasionally  preserved  meat 
is  substituted  once  a  week  for  salt  meat;  sometimes  a  certain  quantity  of 
butter  is  served  out  instead  of  a  portion  of  meat,  while  a  few  owners  issue 
marmalade  and  pickles.  In  some  coasting  vessels,  in  which  the  labour  is 
hard,  the  dietary  is  practically  unlimited. 

In  addition  to  the  foregoing  or  other  articles  of  ordinary  diet,  the 
Merchant  Shipping  Act,  1894,  section  200,  demands  the  issue  of  lime  or 
lemon  juice  with  sugar  (the  sugar  to  be  in  addition  to  any  sugar  acquired  by 
agreement  with  the  crew).  This  lime  or  lemon  juice  must  be  served  out 
daily  at  the  rate  of  an  ounce  per  day  to  each  member  of  the  crew,  so  soon 
as  they  have  been  at  sea  ten  days,  and  during  the  remainder  of  the  voyage, 
except  during  such  time  as  they  are  in  harbour  and  are  there  supplied  with 
fresh  provisions.  Before  being  served  out,  the  lime  or  lemon  juice  must  be 
mixed  with  a  due  proportion  of  water  ;  further,  no  lime  or  lemon  juice  may 
be  taken  on  board  ship  for  issue  to  the  crew  unless  it  has  been  obtained 
from  a  bonded  warehouse  for  and  to  be  shipped  as  stores ;  moreover,  it  may 
not  be  so  obtained  or  delivered  unless  it  contain  15  per  cent,  of  proper  and 
palatable  proof  spirit,  to  be  approved  by  the  Board  of  Trade  inspector,  or 
by  the  proper  officer  of  customs. 

"Whilst  fuUy  admitting  the  grave  difficulties  in  the  way  of  securing 
satisfactory  food  on  board  ships,  there  appears  much  necessity  for  having 
the  rations  of  coasting  as  well  as  ocean-going  ships  fixed  by  law.  The  chief 
defects  apparent  in  the  customary  diet  are:  (1)  monotony,  (2)  excess  of 
salt  meat,  (3)  deficiency  of  vegetable  food,  and  (4)  improper  proportion  of 
the  different  ingredients,  more  particularly  an  excess  of  proteids  with  a 
deficiency  of  fats  and  carbo-hydrates. 

The  regulations  of  the  Board  of  Trade  for  the  inspection  of  the  provisions 
and  water  of  ships  are  sufficiently  comprehensive.  They  relate  to  notice 
being  given  to  the  inspector  for  the  inspection  of  stores,  and  for  supplying 
him  with  a  list  of  all  stores;  they  also  provide  for  the  inspection  of  all 
surplus  stores  left  over  after  a  previous  voyage,  and  for  turning  out  the 
contents  of  all  casks  of  wet  provisions  among  such  surplus  stores.  The 
requisite  condition  of  beef,  pork,  preserved  meats  and  vegetables,  vegetables 
in  tins,  flour  and  biscuits  is  defined.  Briefly  stated,  "  animal  food  is  to  be 
sweet  and  properly  packed  and  pickled  in  pickle  of  f  idl  strength  ;  vegetables 
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are  to  be  sound  and  fresh,  properly  preserved,  and  m  strong  and  suitable 
tins.  Flour  is  to  be  of  fine  grade,  milled  from  fully-matured,  good  sound 
wheat,  containing  a  proper  proportion  of  nutritious  matter,  and  packed  in 
suitable  casks  or  tanks.  Biscuits  are  to  be  thoroughly  baked  and  dried, 
and  made  of  fully-matured  wheat-flour.  When  stored  in  tanks,  these  are 
to  be  thoroughly  cleansed,  lined  with  fresh  lime  and  dried  before  being 
refilled.  The  water  left  in  the  ship's  tanks  from  a  former  voyage  must  all 
be  completely  emptied,  and  the  tanks  thoroughly  cleansed  and  refilled  with 

good  fresh  water."  ,    •     i  i.  t 

A  noticeable  defect  on  board  many  merchant  vessels  is  the  want  ot 
proper  places  in  which  to  store  provisions ;  the  result  being  that  they  are 
often  exposed  to  unwholesome  exlialations.  It  is  not  at  aU  unusual  to  find 
on  some  vessels  that  the  bread  store  opens  into  the  crew's  quarters,  or  that 
portions  of  the  crew's  food  are  kept  in  the  forecastle.  Such  arrangements 
are  obviously  in  violation  of  all  sanitary  teaching,  and  need  not  only  official 
condemnation  but  legislative  prohibition. 


Weekly  Allowance  per  Statute  Adult. 

Scale  A. 
For  Voyages  not  Exceeding  84 
Days  in  Sailing-Ships  or  50 
Days  in  Steamers. 

Scale  B. 
For  Voyages  Exceeding  84 
Days  In  Sailing-Ships  or  60 
Days  in  Steamers. 

Bread  or  biscuit,  . 
Wheaten  flour. 
Oatmeal,  .... 
Rice,    .       .       .       .  ■ 

Peas,  

Potatoes,  .... 

Beef,  

Pork,  

Tea,  

Sugar  

Mustard  

Black  or  white  pepper,  ground. 
Vinegar,  .... 
Lime  juice,  .       .       .  • 
Preserved  meat,  . 

Suet,  

Raisins,  .... 
Butter,        .       .       .  • 
Salt,  

ft  oz. 
3  8 
1  0 
1  8 
1  8 

1  8 

2  0 
1  4 
1  0 

0  2 

1  0 
0  Oi 
0  OJ 
One  gill. 

0    '"'  2 

lb  oz. 
3  8 
2  0 
1  0 

0  8 

1  8 

2  0 
1  4 
1  0 

0  2 

1  0 
0  Oi 
0  Oi 
One  gill. 

0  6 

1  0 
0  6 
0  8 
0  4 
0  2 

1  lb  preserved  meat  = 
1  lb  flour,  bread,  or  biscuit  or  J  ft  beef  \  _ 

or  pork  / 

1  ft  rice  — 

ft  preserved  potatoes  = 

10  oz.  currants  = 

3J  oz.  cocoa  or  coffee  = 

f  ft  treacle  = 

1  gill  mixed  pickles  — 


Scale  of  Substitutes. 

1  ft  salt  beef  or  pork. 
1^  ft  oatmeal  or  1  ft  rice  or  1  ft  peas. 
1^  ft  oatmeal. 


1  ft  potatoes. 
8  oz.  raisins. 

2  oz.  tea. 

i  ft  sugar. 
1  gill  vinegar. 


In  some  small  ships,  particularly  coasters,  a  system  prevails  of  giving  pay 
in  lieu  of  food;  this  is  bad,  inasmuch  as  the  men  have  neither  proper 
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storage  for  their  provisions  nor  often  enough  money  to  provide  themselves 

^'V°:t^^'^Z':Zl^TZ^^t^l^^oM  a  merchant  ship  is 
aeei:dTJeZ*Lro?insufflcient,;L^^^^^^^^ 

^^'^tirtZ^  0°  he"  m^tr  TAh'^tS?  f  inlSfoi 
m!jZV^ii"r  provisions,  &c.,  in  place  thereof,  the  master  is 

'™The  3Sl"LTo?passenger  ships  ar.  not  to  he  inferior  W 

ine  provibiuus  xu  fnhlfl  on  cac^e  1052  illustrates  the  scales  of 

^^:^'aSLsrr*e"?  ^^^^^^^^ 

will  be  observed  vary  according  to  the  length  of  the  voyage.  ,  . 

"^Vn  the  ale  of  faiLe  to  supply  issues  of  good 

in  accordance  with  the  above  scales,  the  master  is  liable  to  a  penalty  ot 

^^%nTe  Royal  Navy  the  seaman's  dietary  is  in  accordance  mth  the  follow- 
ing scdeafS  down  in  Appendix  XXL  of  the  Queen's  RegulaUons  and 
Admiralty  Instructions,  1899. 


When  to  be 
Issued. 


Articles. 


iDaily, 


-Weekly, 

\  Daily,  when/ 
/    procurable,  \ 


(•  Biscuit,  . 

i  or 

(  Soft  bread. 

Spirit, 

Sugar, 

Chocolate— Ordinary, 
„  Soluble, 

Tea, 

Oatmeal,  . 
Mustard,  . 
Pepper,  . 
vinegar,  . 
Fresh  meat, 
Vegetables, 


Officers,  Crew,  and 
others,  at  a  Seaman's 
Full  Allowance. 


When  fresh  provisions  cannot  be  secured  :— 
other 


13 
14 
16 
16 
17 
18 
19 
20 

21 

22 

21 

22 

17 
18 
19 


]  Every 
day, 


I  On  one  alter^ 
)■   nate  day,  . 


On  the  other 
.  alternate  day, 


Salt  pork. 
Split  peas. 
Celery  seed. 
Salt  beef. 
Flour, 
Suet, 

Baisins,  . 
Preserved  meat, 
with  either 

(1)  Preserved  potato,  . 

or 

(2)  Kice,  . 

or  . 
("Preserved  potato, 
(8)^  and 
LRice, 
or 
('Flour, 
(4)-^  Suet, 
\^Rai8ins, 


lb. 


pint, 
oz. 


pint. 
It). 


Seamen. 


Supernumeraries  at 

two-thirds  of  a 
Seaman's  Allowance. 


li 


1-2 

i 


'91 
i  oz'  to  every  8  tb  of  split  peas  put  into  the  coppers. 


tb. 

oz. 


tb. 


li 


i 

li 
li 


i 

li 
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Scale  of  Substitutes. 


In  case  it  should  be  necessary  to  issue 
substitutes  for  any  of  the  articles  in  this 
scale  of  victualling,  the  following  propor- 
tion is  to  be  adopted,  viz. : — 

■  }  PouncU  considered 

■  i  Pound) 
:    ipint  ) 

•  *eiU  > 
.  1  pint  ) 
.  1  ounce ^ 
.1  ounce  I 
Chocolate,  ordinaiy,  1  ounce  V 

,,       soluble,  1-2  ounce 
Tea,  ....  iounce^ 


Biscuit, 

Flour, 

Rice,! 

Wine, 

Spirit, 

Porter, 

Coffee, 

Cocoa, 


do. 


do. 


do  do. 


The  following,  when  issued  with  meat 
rations,  are  to  be  considered  equal  to  each 
other : — 


^Split  peas   J  pound. 

Peas  (whole)   |  pint. 

Flour   1  pound. 

Calavances,     .     .     .     .  i  pint. 

Dholl,   J  pint. 

^Rice,    I  pound. 

f  Vegetables,  ....  J  pound. 
2  .<  Compressed  mixed  vegetables,!  ounce. 

(Preserved  potato,  ...  2  ounces. 

„ /Oatmeal,  .     .  •  .     .     .  i  pint  or  2  ounces. 

\  Split  peas   }  pound. 


When  the  men  desire  it,  J  lb  of  flour  may  be  issued  in  lieu  of  J  lb  of  biscuit ; 

and  ships  proceeding  to  sea  are  to  fill  up  on  this  basis. 


Article  1726  of  the  Admiralty  Instructions  directs  that,  whenever 
practicable,  whether  at  home  or  abroad,  sea-going  ships  are  to  be  supplied 
with  fresh  meat  and  vegetables.  Fresh  beef  is  to  be  received  in  quarters, 
and  mutton  in  carcasses.  Salt  meat  is  not  to  be  issued  on  board  H.M.  ships 
in  harbour,  or  when  fresh  meat  and  vegetables  can  be  obtained,  except 
abroad,  when  an  issue  may  take  place  once  a  week  (Article  1727).  No 
person  is  to  receive  a  spirit  ration  in  kind  unless  he  is  twenty  years  of  age 
(Article  1729).  Those  not  receiving  or  declining  the  rum  ration  are 
allowed  by  Article  1732  either  the  savings  price  of  the  rum  or  one  of  the 


following  substituted  rations  : — 


("Tea,       .       .  ^oz. 
(l)-j  Soluble  chocolate,  J  ,, 
i  Sugar,    .       .     l|  ,, 


(2)  {sugar, 


i  oz. 

2i  „ 


(3){ 


Soluble  chocolate,  |  oz. 
Sugar,    .       •     2  „ 


On  the  requisition  of  the  medical  officer  half  an  ounce  each  of  lime-juice 
and  sugar  are  to  be  issued  daily  to  each  individual  on  board  as  the  captain 
may  direct  (Article  1735). 

Oatmeal  or  a  ration  of  lime-juice  and  sugar  is  allowed  to  men  working 
in  the  engine-rooms  or  stokeholds  (Article  1736). 

Prisoners  receive  no  spirit  ration  or  allowance  in  lieu,  either  in  kind  or 
money.  Those  sentenced  to  cell  punishment  receive  either  low  diet,  con- 
sisting of  1  1)  of  biscuit  daily,  or  full  diet,  consisting  of  half  the  ordinary 
ration,  omitting  meat  and  rum.  Low  diet  is  limited  to  the  first  three  days 
of  punishment,  and,  in  the  case  of  an  award  of  fourteen  days  cells,  to  the 
last  three  days  (Article  742). 

The  nutritive  value  of  the  sailor's  daily  ration  in  the  Royal  Navy  is, 
practically,  proteids,  5-3  oz.  ;  fats,  4-7  oz.  ;  carbo-hydrates,  17-2  oz.  ;  salts, 
1-5  oz.  As  in  the  case  of  the  soldier's  ration,  considerable  and  variable 
additions  are  made  by  the  men  themselves,  by  private  purchase  from  the 
canteen,  to  the  regulation  allowance ;  these  being  entirely  a  matter  of 
personal  selection,  are  difficult  to  express  in  terms  of  food-principles,  but 
their  nature  is  such  as  to  considerably  increase  the  nutritive  value  of  the 
daily  food-supply. 

In  the  training  ships  of  the  Royal  Navy  a  special  dietary  is  provided 
for  the  boys.  It  permits  of  more  variety  than  that  of  the  ordinary  seaman. 
It  is  given  in  detail  in  the  following  table  : — 


NAVAL  DIETARIES. 


1055 


Soft  Bread, 
Sugar, 
Chocolate, 
Tea, 

Fresh  beef, 

,,  mutton. 
Corned  pork. 
Mixed  vegetables, 
Potatoes,  or  other  vegetables  \ 

according  to  season,      .  / 
Flour, 
Suet,  fresh. 
Raisins,  . 
Split  peas, 
Celery  seed, 
Mustard,  . 
Pepper, 
Vinegar,  . 
Salt, 


ft. 
oz. 

) ) 

) » 
ft. 


pt. 
oz. 


Sunday 
and 
Thursday. 


Monday 

and 
Friday. 


Tuesday 

and 
Saturday. 


Quantity  Issued  Daily. 


1 

1 


li 
IS 


Every 


U 


a 
5 


i 
1 

3 


Wednesday. 


four  days 


1  a 


'  The  nutritive  value  of  this  ration  may  be  taken  to  be,  proteids,  5  oz.  ; 
fats,  2-1  oz.  ;  carbo-hydrates,  20  oz.  ;  and  salts,  2  oz. 

On  board  H.M.  troopships  special  dietary  scales  are  authorised  by  the 
Admiralty  Instructions.  These  are  given  in  detail  for  men,  women  and 
children  respectively  on  pages  1005  and  1006.  The  mean  nutritive  daily 
value  of  those  for  adults  may  be  taken  to  be,  proteids,  3  "5  oz. ;  fats,  1'5 
oz.  ;  carbo-hydrates,  13  oz. ;  salts,  1'5  oz.  Boys  of  ten  years  and  under 
1 4  years  of  age  receive  the  woman's  ration ;  boys  of  fourteen  years  of  age 
or  upwards  receive  the  man's  ration ;  girls  of  10  years  of  age  or  upwards 
receive  the  woman's  ration. 

Disease,  Accident,  and  Death  at  Sea. — The  statistical  facts  at  our 
disposal  in  respect  of  these  matters  are  not  very  satisfactory.  While  those 
having  reference  to  the  Eoyal  Navy  may  be  deemed  fairly  complete,  those 
relating  to  the  mercantile  marine  are  far  from  reliable ;  this  arises  from 
the  fact  that  many  merchant  vessels  do  not  carry  a  surgeon,  and  that  in 
many  cases  the  information  respecting  both  sickness  and  death  is  derived 
from  unprofessional  sources. 

The  average  force  afloat  in  the  Royal  Navy  in  1898  was  82,830.  The 
deaths  during  the  year  numbered  407,  being  in  the  proportion  of  4'9  per 
1000  of  the  strength.  Of  the  407  deaths,  295  were  due  to  disease  and  112 
to  violence  ;  the  death-rate  from  disease  was  therefore  3'6  per  1000,  and 
that  from  violence  1"3  per  1000.  Of  the  112  deaths  from  violence,  104 
were  accidental  and  8  were  suicidal ;  the  accidental  deaths  include  58  from 
drowning  and  5  from  heat-stroke. 

In  accordance  with  the  Births  and  Deaths  Registration  Acts,  1874,  com- 
manding officers  of  ships  trading  to  or  from  British  ports  are  required,  under 
penalty,  to  transmit  returns  of  all  births  and  deaths  occurring  on  board 
their  ships  to  the  Registrar-General  of  Shipping  and  Seamen,  who  furnishes 
certified  copies  of  such  returns  to  the  Registrars-General  of  England, 
Scotland,  and  Ireland.  Similar  returns  are  furnished  by  persons  having 
charge  of  Her  Majesty's  ships  directly  to  the  Registrars-General  of  Births 
and  Deaths. 
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Mercantile  tome.— That  even  this  service  has  shared  in  the  general 
redu^Ton  of  deltia-rates  which  so  peculiarly  characterises  this  generation  is 
reduction  OJJ^J;  .  g„„,raary  of  the  number  and  mortahty  of  seamen 
fmpbyed  in  vcstcHli:;^^^^^^  i/the  United  Kii.gdom,  under  the  Merchant 
Shipping  Acts.  


I 


Year. 

Persons 

Employed. 

1873 

202,239 

1874 

203,606 

1875 

199,667 

1876 

198,638 

1877 

196,562 

1878 

195,585 

1879 

193,548 

1880 

192,972 

1881 

192,903 

1882 

195,937 

1883 

200,727 

1884 

199,654 

1885 

198,781 

Deaths 
Reported. 


5,393 
4,602 
4,076 
4,151 
4,181 
3,870 
3,692 
4,100 
4,464 
4,659 
4,451 
3,757 
3,286 


Death-rate 
per  1000. 


26-6 

22-  6 
20-4 

20-  9 

21-  3 
19-8 
19-0 

21-  2 

23-  1 
23-8 

22-  2 
18-8 
16-5 


Year. 


1886 
1887 
1888 
1389 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 


Persons 
Employed. 


204,470 

220,266 

223,673 

230,263 

236,108 

240,480 

241,735 

240,974 

240,458 

240,486 

231,736 

233,780 

231,385 


Deaths 
Reported. 


3,546 

3,384 

3,114 

3,018 

3,305 

3,263 

3,452 

3,172 

3,266 

3,579 

2,953 

2,370 

2,637 


The  improvement  in  the  rate  of  moi^tality  shown  JJf /^'^^^^^^ 
mainlv  due  to  reductions  of  deaths  on  steam  vessels-that  m  the  yeai  i«y  / 
been  11-7  per  1000,  which  was  1-8  below  the  mean  rate  m  the  five 
vel  s  1893-97  No  Returns  are  issued  by  the  Board  of  Trade  relative  to 
rn  fatal  forms  of  sickness  among  seamen.  The  chie  ^^^^^  ^l^^^^^^':, 
nt  sea  is  due  to  wreck,  drowning,  or  accident.  The  e^act  proportions  oi 
h^se  lo^^s  in  the  mercantile 

issued  as  Parliamentary  Paper  No.  430  of  Session  2,  1895,  and  liavm, 
reference  to  the  year  1894. 


lives  Xost. 


Percentages  and  Pro- 
portions. 


Masters 

and 
Seamen 

Em- 
ployed. 


Drowned. 


Sailing, 
Steam, 


(1) 


Total, 


58,537 
159,257 


Masters 

and 
Seamen 
Lost 
by 
Wrecks 
and 
Casualties, 

(2) 


Masters 

and 
Seamen 
Lost 
when 
Vessel 
was  not 
Damaged, 

(3) 


217,794 


622 
444 


1,006 


Total. 


(4) 


261 
300 


Masters 

and 
Seamen 
Lost 
by 
Accident 
other 
than 
Drown- 
ing. 

(5) 


561 


883 
744 


1,627 


91 
141 


232 


Total 
Number 
Lost 
by 
Drown- 
ing and 
other 
Accident 


(6) 


974 

885 


Lives  Lost 
by  Drowning 
of 
Persons 
Employed. 


(7) 


1-51  or  1  in  66 
47  or  1  in  214 


1,859 


Lives  Lost 
by  Drowning 
and  other 
Accident  of 

Persons 
employed. 


(S) 


Total  Number  ol 

Lives  Lost  in 
Merchant  Ships 
Registered  in  th( 
United  Kingdom 


Crew. 


(9) 


1-66  or  1  in  60 
•56  or  1  in  180 


75  or  1  in  134 


Pas- 
sengers 
(lost 
by 
Wreck 
only). 


Tot 


974 
885 


(10)  I  (1 


n,is3 


•  These  figures  Include  about  1,150  persons  lost  from 


the  ss.  "  Kowshing,"  which  was  sunk  by  a  Japanese  man 
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Royal  Navy. — Tlie  latest  returns  in  connection  with  this  force,  at  present 
available,  are  those  for  1898  ;  in  that  year,  the  average  daily  sick-rate  was 
38*35  per  1000  ;  the  number  finally  invalided  out  of  the  service  was  1557, 
or  in  the  ratio  of  18-79  per  1000  of  strength;  the  total  number  of  deaths 
was  407,  or  a  ratio  of  4*91  per  1000;  this  mortality  rate  exhibits  a 
decrease  of  0-32  per  1000  in  comparison  with  1897,  and  of  r94  on  the  aver- 
age of  the  last  ten  years. 

A  summary  of  the  mortality  in  the  Navy  during  the  past  twenty-five 
years  is  given  below  : — 


Year. 

Death-rates  per  1000. 

Year. 

Death-rates  per  1000. 

All  Causes. 

Disease. 

Violence. 

All  Causes. 

Disease. 

1 

Violence. 

1874 

9-4 

6-7 

27 

1887 

8-3 

4-9 

3-4 

1875 

8-8 

6-9 

1-9 

1888 

57 

3-9 

1-8 

1876 

9-2 

6-0 

3-2 

1889 

5-3 

3-8 

1-5 

1877 

7-1 

5-0 

2-1 

1890 

8-5 

4-1 

4-4 

1878 

14-4 

5-3 

9-1 

1891 

6-2 

47 

1-5 

1879 

8-6 

6-2 

2-4 

1892 

5-6 

4-4 

1-2 

1880 

12-6 

4-6 

8-0 

1893 

11-3 

4-1 

7-2 

1881 

10-9 

5-3 

5-6 

1894 

5-8 

4-0 

1-8 

1882 

7-5 

6-9 

2'6 

1895 

6-6 

4-6 

2-0 

1883 

.^,•9 

4-1 

1-8 

1896 

5-3 

4-0 

1-3 

1884 

9-0 

5-8 

3-2 

1897 

5-2 

3-8 

1-4 

1885 

7-0 

47 

2-3 

1898 

4-9 

3-6 

1-3 

1886 

6-9 

5-1 

1-8 

The  Navy,  Uke  the  Army,  must  be  regarded  as  a  force  of  specially 
selected,  and  presumably  healthy,  men  in  the  prime  of  life ;  a  comparison, 
tlierefore,  of  the  death-rates  of  this  picked  body  of  males  at  varying  age- 
periods  with  the  rates  for  males  in  civil  life  for  the  same  ages  is  of  interest. 
The  facts  are  as  follow  : — 


Death-rates  per  1000,  at  the  following  age-periods. 

15  to  25. 

25  to  35. 

35  to  45. 

45  and 
upwards. 

Koyal  Navy  (1898),  .... 
Males  iu  civil  life,  .... 

4-43 
47 

4-55 
6-6 

8-88 
11-3 

878 
18-3 

The  civil  death-rates  are  those  for  England  and  Wales.  The  com- 
parative statement  clearly  shows  that  the  conditions  of  life  in  the  Navy  are 
distinctly  favourable  to  health. 

Special  Causes  of  Sickness  aviong  Sailors. — When  we  come  to  analyse 
the  statistics  of  sickness  and  mortality  of  seafaring  people,  we  find  that 
sea  life  is  apt  to  give  rise  to  certain  ailments  which  are  more  or  less  charac- 
teristic of,  or  peculiar  to,  the  sailor's  surroundings.  Thus,  sea-sickness  is  an 
ailment  of  marine  life  only,  while  formerly  scurvy  was  especially  associated 
with  life  on  board  ship.  Cholera  and  yellow  fever  are  diseases  closely 
connected  with  ships ;  the  contagion  of  both  being  not  infrequently  carried 
by  them  from  one  country  to  another. 
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MARINE  HYGIENE. 


The  chief  ailments  to  which  sailors  as  a  class  are  subject  are,  constipation, 
boils  erysipelas,  lymphangitis,  ennui,  diarrhoea,  sea-sickness,  nostalgia,  melaiv 
cholk  hyicbondrias^    colic,  scurvy,  the  contagious  fevers,  itch,  the  effect 
of  vicissitudes  of  climate,  catarrhs,  rheumatism,  dysentery,  and  venereal 

""^'Many  of  these  are  of  exceptional  prevalence,  while  one  or  two,  notably 
scurvy  and  dysentery,  are  so  much  the  effect  of  faulty  die  anes,  that  atten- 
tion to  the  food-sipply  of  sea-going  sliips  has  practically  removed  these 
causes  of  death  from  the  sea-casualty  returns. 

Some  of  the  disorders  prevalent  among  seamen  appear  to  be  closely 
associated  with  their  duties.    Thus,  men  engaged  in  the  interior  of  ships 
suclr  as  cargo-men,  cooks,  bakers,  and  storekeepers,  are  commonly  anaemic  and 
debmtlted'  so  too  are  painters,  who,  like  their  feUow-workers  on  shore  ai. 
apt  to  suffer  from  colic  and  other  symptoms  of  lead  poisoning.  Look-out- 
men  are  said  to  suffer  from  weak  sight,  amblyopia  circumorbital  pains  and 
•bsT  of  visual  accommodation.     Steersmen  are  liable  to  '-efente  from 
the  wheel,  and  often  suffer  from  auditory  troubles  presumably  effects  o 
lexnoluie  and  prolonged  efforts  to  keep  on  the  alert  for  signals  and  words  of 
icommand     Men  engaged  aloft  generally  suffer  from  traumatic  lesions  of  the 
•hand    feet  and  inner  parts  of  the  thighs  and  legs  ;  also  from  cardiac  hyper- 
^tophy  and  tbe  results  of  violent  exertion.    Boatmen  and  fisher- 

men Lrrmuch  from  rheumatism  and  other  effects  of  frequent  wettings 
Tnd  lo  rex™e  to  weather.  Boiler-cleaners  are  liable  to  asphyxia,  while 
firen^e  rstokers,  and  engineroom  artificers,  who  constantly  work  under  con- 


Small-pox,  . 
Other  eruptive  fevers, 
Enteric  fever, 
Other  continued  fevers, 
Yellow  fever, 
Cholera, 
Dysentery,  . 
Influenza,  . 
Malarial  fevers,  . 
Septic  diseases,  . 
Syphilis  primary, 

secondary, 
Gonorrhoea,  . 
Alcoholism,  . 
Rheumatism, 
Tubercular  disease, 
Nervous  system,  . 
Circulatory  system. 
Respiratory  system, 
Digestive  system, 
Uriniiry  and  genital  system, 
Diseases  of  the  eye, 
Disease  of  organs  of  spcciiil 
sense, 


Poisons, 
Injuries, 

Suicide, 


general, 
local, 


Cases. 


1887- 
1895. 


0-18 
5-66 
2-94 
33-15 
0-04 

0-  13 

1-  25 
38-48 
26-12 

0-  81 
55-09 
24-46 
76-04 

1-  25 
42-87 

0-77 
11-65 
5-03 
96-86 
122-29 
9-23 
9-02 

4-54 
0-85 
4-31 
187-84 
0-10 


1898. 


0-  28 
12-09 

1-  84 
24-06 


1-  19 
17-95 
19-94 

0-68 
42-41 
27-69 
73-87 

0-97 
34-91 

2-  68 
10-32 

5-31 
103-59 
129-57 
9-64 
9-51 

5-48 
0-73 
2-92 
170-39 
0-09 


1887- 
1895. 


Invalided. 


1S98. 


1887- 
1895. 


0-04 

0-64 

0-33 

0-28 

0-65 

0-24 

0-13 

0-61 

0-07 

0-15 

0-15 

0-07 

0-01 

0-04 

2-62 

0-96 

0-23 

0-01 

0-04 

1-97 

l"-85 

0-05 

0-77 

0-41 

0-02 

0-01 

0-02 

0-02 

1-61 

1-50 

0-07 

0-33 

1-67 

0-20 

1-78 

2-46 

0-28 

2-72 

2-63 

0-33 

3-92 

3-79 

1-29 

2-77 

3-09 

0-2S» 

0-86 

1-05 

0-19 

0-79 

0-96 

0-79 

1-05 

0-01 

0-01 

0-04 

0-03 

0-16 

0-12 

2-28 

1-79 

1-60 

0-25 

... 

0-10 

Dead. 


1898. 


0-02 
0-10 
0-41 


0-09 
0-07 
0-12 

0  03 

0-'()7 

0-02 
0-03 
0-35 
0-24 
0-18 
0-98 
0-25 
0-16 


103 
0-16 
0-09 


Daily  Sick. 


1887- 
1895. 


0-01 
0-376 
0-43 
0-76 


0-09 
0-74 
52 

0-  06 

4-  88 

2-  62 

5-  09 
0  02 

1-  95 
0-07 
0-50 
0-40 

3-  42 

2-  .57 
0-51 
0-43 

0-21 
0-02 
0-07 

6-  27 


1898. 


0-02 
0-76 
0-27 
0-55 


0-09 
0-52 
0-61 
0-04 

3-  53 

2-  87 

4-  45 

0-  03 

1-  71 
0-24 
0-56 
0-46 

3-  55 

2-  72 
0-62 
0-37 

0-30 
0-02 
0-05 
5-76 
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ditioiis  of  high  temperature,  are  usually  ansemic,  debilitated,  and  subject  to 
\  ertigo,  stupor,  or  convulsions.  Phthisis  is  also  common  among  these  men. 
Firemen  and  stokers,  as  a  class,  are  often  morbid  and  prone  to  suicide. 

Statistics  showing  the  general  prevalence  of  these  and  other  forms  of 
illness  in  the  mercantile  marine  are  unfortunately  non-existent.  How  far 
these  diseases  and  injuries  prevail  in  the  Eoyal  Navy  are  shown  in  the 
foregoing  table,  prepared  from  the  Statistical  Report  on  the  Health  of  the 
Navy,  and  based  on  the  average  ratios  for  the  nine  years  1887-95  and  for 
the  year  1898. 
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APPENDIX  I. 


MEASUEES  OF  LENGTH. 


The  Standard  Metre  is  f  of  tlie  distance,  at  the  temperature  of  16  3  0 
between  tlie  ends  of  a  certain  bar,  called  the  "  Toise  of  Peru,"  kept  m  the  French 
Archives  and  is  approximately  the  ten-millionth  part  of  the  distance  from  one  ot 
the  earth's  poles  to  the  Equator,  at  the  meridian  of  Paris.  This  measure,  and  those 
founded  on  it,  is  lawful  in  this  country,  and  a  copy  of  the  standard  metre  is  kept 
in  the  Exchequer  Office  at  Westminster.  f  nc-  v 

The  English  Standard  Yard  is  the  distance,  at  the  temperature  of  62  i^., 
between  two  marks  on  a  certain  bar  which  is  kept  in  the  Office  of  the  Exchequer. 

The  relative  values  of  the  Metric  and  English  measures  of  length  can  be  gathered 
from  the  following  table  : — 


Metres. 

Inches. 

Peet. 

Yards. 

Miles. 

Kilometre, 
Hectometre,  . 
Decametre, 
Metre,  . 
Decimetre, 
Centimetre,   .  . 
Millimetre, 

.  1000 
100 
10 
1 

0-1 

0-01 

0-001 

39-37 

0-03937 

3-28 

l-6"936 

0-6214 

1 

APPENDIX  11. 


MEASURES  OF  AREA. 


Square  Kilometre, 

„  Hectometre,  or  Hectare, 

„  Decametre,  or  Are,  . 

„  Metre,  . 

„  Decimetre, 

„  Centimetre, 

,,  Millimetre, 


Square  Metres. 
1,000,000 
10,000 
100 
1 

0-01 

0-0001 

0-000001 


British  Jleasures  of  Area 
0-3861 
2-4711 


119-6 
10764 

15'5 
0-155 
0'00155 


sq.  mile, 
acres, 
sq.  yards, 
sq.  feet, 
sq.  inches. 
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APPENDIX  III. 


SOLID  MEASURES. 

1  Cubic  Decametre,  or  Kilostere,  ec^uals  35,316-5  cubic  feet. 

„    Metre,  or  Stere,             „          35-316  ». 

„     Decimetre,  or  MiUistere,     „           6r025  cubic  mclies. 

„     Centimetre,                       „           0-061  „ 

„     Millimetre,                       „           0-000061  „ 


APPENDIX  IV. 


MEASURES  OF  WEIGHT. 

The  metric  Standard  Kilogramme  is  the  weight,  at  the  temperature  of  the 
maximum  density  of  water  (4°  C),  and  imder  the  atmospheric  pressure  ot  7bO 
millimetres  of  mercury,  in  the  latitude  of  Paris,  of  a  certain  piece  of  platmum 
which  is  kept  in  the  French  Archives.  A  copy  of  this  standard  kilogramme  is 
kept  in  our  Exchequer  Office.  The  kilogramme  was  at  first  intencled  to  be  tlie 
weight  of  one  cubic  decimetre  of  pure  water  at  its  maximum  density,  but  it  is  m 
actual  fact  slightly  greater.  ^  ^i    ,  ^ 

The  English  Standard  Pound  Avoirdupois  is  the  weight,  at  the  temperature 
of  62°  F,  and  under  the  atmospheric  pressure  of  30  inches  of  mercury,  m  the 
latitude  of  London,  and  at  or  near  the  level  of  the  sea,  of  a  certain  piece  of 
platinum  which  is  kept  in  the  Exchequer  Office  at  Westminster.  ,    .  . 

The  relative  values  of  the  Metric  and  English  weights  is  shown  m  the  following 
table : — 


Grammes. 

Grains. 

Avoir,  ozs. 

Avoir,  tt). 

Kilogramme,  . 

Hectogramme, 
Decagramme, 

Gramme,  .... 
Decigramme, 
Centigramme, 
Milligramme, 

1000 

100 
10 

1 

0-1 

0-01 

0-001 

15,432 

15-432 
0-0154 

35-3 

0-0353 

2-204 

0-0622 

APPENDIX  V. 


MEASURES  OF  CAPACITY. 

The  metric  Standard  Litre  is  the  volume  of  a  kilogramme  of  pure  water  at  its 
temperature  of  maximum  density  (4°  C),  and  under  the  atmospheric  pressure  of 
760  millimetres  of  mercury.  It  was  originally  intended  to  be  a  cubic  decimetre, 
but  is  actually  a  little  greater.  Under  the  above  mentioned  conditions,  a  litre  of 
pure  water  weighs  one  kilogramme. 

The  English  Standard  Gallon  is  the  volume  of  10  ft)  avoirdupois  of  pure 
water,  at  the  temperatine  of  62°  F.,  and  under  the  atmospheric  pressure  of  30 
inches  of  mercury. 

The  relative  value  s  of  the  Metric  and  English  measures  of  capacity  is  shown  in 
the  following  table  : — 
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Cubic 
centimetres. 

Fluid  0Z8. 

Pints. 

GallouB. 

Cubic  ins. 

Kilolitre, 

Hectolitre, 

Decalitre, 

Litre,  .... 

Decilitre, 

Centilitre, 

Millilitre, 

1,000,000 
100,000 
10,000 
1000 
100 
10 

1 

35'3 

1-76 

0-22 

61-027 

APPENDIX  VI. 


TABLE  OF  FACTORS  FOR  CALCULATING  EQUIVALENTS  OF 
WEIGHT,  VOLUME,  LENGTH,  &c. 

to  pounds,        multiply  by 


To  convert  grammes 


» 


)) 
)j 
)> 

» 

H 
5) 
» 
)) 
)) 
)) 
)) 
)) 
)) 
» 
)) 
)) 
)) 
)> 
)) 
)) 
» 

» 
)) 
)) 
)) 
)) 
» 


)) 

grains 
ounces 
pounds 
kilogrammes 

litres 

5> 
)) 
)) 
)) 

gallons 


pints 


cubic  metres 


cubic  feet 


fluid  ounces 
» 

square  feet 
)) 

square  metres 
inches 


5) 

metres 
» 

feet 
yards 


centimetres 
millimetres 
kilometres 


» 


to  grams, 
to  oimces, 
to  grammes, 
to 
to 

to  pomids, 
to  ounces, 
to  gallons, 
to  iiuid  ounces, 
to  pints, 
to  cubic  feet, 
to  cubic  inches, 
to  cubic  feet, 
to  litres, 
to  „ 

to  cubic  centimetres, 

to  cubic  inches, 

to  gallons, 

to  pints, 

to  fluid  ounces, 

to  cubic  centimetres, 

to  cubic  metres, 

to  litres, 

to  gallons, 

to  cubic  inches, 

to  cubic  centimetres, 

to  square  metres, 

to  square  yards, 

to  square  feet, 

to  metres, 

to  millimetres, 

to  inches, 

to  feet, 

to  miles, 

to  „ 

to  centimetres, 
to  inches, 
to  „ 
to  miles, 


)) 
)j 
)) 
j> 

5) 
» 
H 
)> 
J) 
)> 
)> 
)) 
» 

» 
» 
)> 
)) 


square  kilometres  to  square  miles, 
hectares       .      to  acres, 


0-0022 

15-  432 
0-0353 
0-0648 

28-349 
453-592 
2-204 
35-3 

0-  22 
35-3 

1-  76 
0-354 

61-027 
0-1605 
4-5434 
0-5659 
568-1818 
34-6592 
0-0036 
0-0288 
0-5813 

16-  4 

0-  0283 
28-2153 

6-2322 

1-  72 
28-35 

()-0924 
0-111 

10-7641 
0-0254 

25-4 

39  37 
0-30479 
0-000187 
0-00057 

2-  54 

0-  3937 
003937 

1-  6 

2-  5899 
0-4046 
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Table  showing  the  Daily  Yield  of  Water  from  a  Eoofvrith  varying  Rainfalls. 


Area  of  House,  10  feet  by  20  feet,  or  200  square  feet. 


Alean  Kainf  all. 

Loss  from 
Evaporation. 

Requisite 
capacity  of 
Tank. 

Mean  daily 
yield  of 
Water. 

Mean  daily  yield 
of  Water  in 
wettest  year. 

Mean  daily  yield 
of  Water  in 
driest  year. 

inches. 

per  cent. 

cubic  feet. 

gallons. 

gallons. 

gallons. 

20 

25 

100 

4-3 

6-7 

3-2 

25 

20 

135 

5-7 

7-5 

3-9 

30 

20 

145 

6-8 

9-4 

4-5 

35 

20 

155 

7-9 

11-0 

5-0 

40 

15 

165 

9-7 

13-1 

7-2 

45 

15 

170 

10-9 

14-2 

8-6 

For  any  other  size  of  Roof  or  amount  of  Rainfall,  the  numbers  will  be  pro- 
portional. 

One  inch  of  rain =101  tons  per  acre =22,624  gallons. 
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The  Chemical  Sy  mbols  and  Atomic  Weights  of  Elementary  Bodies. 


Names  of  Elements. 

Chemical 
Symbols. 

Atomic 
Weights. 

Names  of  Elements. 

Chemical 
Symbols. 

Atomic 
Weights. 

Aluminium,  . 

Al 

27-5 

Nitrogen, 

N 

14-0 

Antimony,  . 

Sb 

120-0 

Oxygen, 

0 

16-0 

Arsenic, 

As 

75-0 

Palladium, 

Pd 

105-7 

Barium, 

Ba 

137-0 

Phosphorus,  . 

P 

31-0 

Bromine, 

Br 

80-0 

Platinum, 

Pt 

197-2 

Cadmium , 

Cd 

112-0 

Potassium, 

K 

39-0 

Calcium, 

Ca 

40-0 

Rubidium, 

Rb 

85-3 

Carbon, 

C 

12-0 

Selenium, 

Se 

78-8 

Chlorine, 

CI 

35-5 

Silicon, 

Si 

28-0 

Chromium,  . 

Cr 

52-5 

Silver,  , 
Sodium, 

Ag 

108-0 

Cobalt,  . 

Co 

59-0 

Na 

23-0 

Copper, 
Fluorine, 

Cu 

63-2 

Strontium,  . 

Sr 

87-4 

F 

19-0 

Sulphur, . 

S 

32-0 

Gold,  . 

Au 

196-2 

Tantalum, 

Ta 

182-0 

Hydrogen, 

H 

1-0 

Tellurium, 

Te 

125-0 

Iodine,  . 
Iridium, 

I 

126-6 

Thallium, 

Tl 

203-7 

Ir 

192-7 

Thorium, 

Th 

231-5 

Iron, 

Fe 

56-0 

Tin,  . 

Sn 

118-0 

Lead,  . 

Pb 

206-5 

Titanium, 
Tungsten, 

Ti 

48-0 

Lithium. 

Li 

7-0 

W 

184-0 

Magnesium,  . 
Manganese,  . 

Mg 

24-0 

Uranium, 
Vanadium,  . 

U 

240-0 

Mn 

55-0 

V 

51-3 

Mercury, 

Hg 

200-0 

Yttrium, 

Y 

88-0 

Molybdenum, 

Mo 

95-5 

Zinc, 

Zn 

65-0 

Nickel, . 

Ni 

59-0 

Zirconium,  . 

Zr 

89-4 
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Table  showing  the  amount  of  Oxygen  capable  of  being  dissolved  in  distilled  W ater, 
at  varying  temperatures,  under  standard  pressure. 


Temperature 
Centigrade. 

Cubic  centimetres  of 
Oxygen  per  litre  of 
flisfjllpfl  Wfitpr 

Temperature 
Centigrade. 

1 

Cubic  centinietrcB  of 
distilled  Water. 

5'0 

8-68 

18-0 

6-54 

5-5 

8-58 

18-5 

6-47 

6'0 

8-49 

19-0 

6-40 

6*5 

8-40 

19-5 

6-34 

7-0 

8-31 

20-0 

6-28 

7-5 

8-22 

20-5 

6-22 

8-0 

8-13 

21-0 

6-16 

8-5 

8-04 

21-5 

6-10 

9-0 

7-95 

22-0 

6-04 

9-5 

7-86 

22-5 

5-99 

10-0 

7-77 

2.S-0 

5-94 

10-5 

7-68 

23-5 

5-89 

11-0 

7-60 

24-0 

5-84 

11-5 

7-52 

24-5 

5-80 

12-0 

7-44 

25-0 

5-76 

12-5 

7-36 

25-5 

5-72 

130 

7-28 

26-0 

5-68 

13 -5 

7-20 

26-6 

5-64  • 

14-0 

7-12 

27-0 

5-60 

14-5 

7-04 

27-5 

5-57 

15-0 

6-96  ■ 

28-0 

5-54 

15-5 

6-89 

28-5 

5-51 

16-0 

6-82 

29-0 

5-48 

16-5 

6-75 

29-5 

5-45 

17-0 

6-68 

30-0 

5-43 

17-5 

6-61 
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THE  STAINING  AND  MICROSCOPIC  EXAMINATION  OF 
MICRO-ORGANISMS. 

Staining  constitutes  an  indispensable  aid  to  tlie  study  of  micro-organisms  and  a 
knowledge  of  the  composition  and  preparation  of  various  stams  is  essential  to 
those  making  bacteriological  examinations  of  either  Avater  or  animal  tissues. 

Tlie  various  stains  or  dye-stuffs  in  common  use  in  pathological  work  are  practi- 
cally divided  into  two  great  classes,  namely,  the  basic  and  the  acvd.  ihe  tormer 
exhilMt  a  strong  affinity  for  the  protoplasmic  contents  of  bacterial  cells  as  well  as 
for  the  nuclei  of  animal  tissues  ;  the  latter  or  acid  coal-tar  colours  do  not  exlubit 
this  special  affinity  for  the  nuclei  and  bacteria,  but  stain  annual  tissues  more  or 
less  uniformly  throughout  their  entire  extent.  Tliese  two  classes  of  dye-stulls, 
therefore,  are  sharply  distinguished  from  each  other,  the  basic  dyes  being  alone 
available  for  tlie  exact  exhibition  of  micro-organisms,  while  the  acid  colours  are 
best  suited  for  the  demonstration  of  other  elements  in  the  microscopic  specimen. 

The  basic  aniline  dyes  in  most  common  use  for  the  staining  ot  bactexia  are  : 
fuchsine,  methylene  b'lue,  Bismarck  brown,  gentian  violet,  and  methyl  vioiei. 
The  chief  acid  coal-tar  colours  are:-eosine,  acid  magenta,  picric  acid,  satranine,  o.o. 
The  natural  acid  stains,  such  as  hsematoxylin  and  cochineal,  have  a  similar  action. 
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For  bacteriological  work,  it  is  most  convenient  to  prepare  saturated  alcoholic 
solutions  of  the  basic  dyes,  wliicb  can  be  kept  in  stock  ;  these  stock  solutions  are 
then  diluted  with  about  ten  times  their  volume  of  distHled  water  for  actual  use. 
Small  quantities  only  of  the  diluted  solutions  should  be  made  at  a  time  as  tliey 
keep  badly,  with  the  one  exception  of  methylene  blue,  which  keeps  well.  Uwiiig 
to  the  fact  that  the  staming  powers  of  these  aqueous  alcohohc  solutions  may  be 
"i-eatly  increased  by  the  addition  to  them  of  certain  substances,  a  large  number  ot 
special  stains  have  been  devised  ;  the  principal  of  these  special  stams  are  the 

following : —  ^        ^-       ^  i   /i  • 

Lbffler's  Methylene  Blue.— To  100  c.c.  of  a  solution  of  caustic  potash  (i  m 
10  000)  add  30  c.c.  of  a  saturated  alcoholic  solution  of  methylene  blue. 

Kuhne's  Carbolic  Methylene  Blue.— In  a  mortar  rub  1-5  gramme  methylene 
blue  with  10  c.c.  of  absolute  alcohol,  and  add  100  c.c.  of  a  5  per  cent,  aqueous 
solution  of  carbolic  acid. 

Weigert's  Gentian  Violet.— To  90  c.c.  of  distilled  water  add  0-5  c.c.  ot  liquor 
ammoniffi,  10  c.c.  of  absolute  alcohol,  and  2  grammes  of  gentian  violet. 

Ziehl's  Fuchsine  Solution.— Five  grammes  of  carbolic  acid  and  1  gramme  of 
fuchsine  are  added  to  100  c.c.  of  distilled  water  to  which  10  c.c.  of  absolute  alcohol 
is  gradually  added.  . 

Ehrlich's  Solution.— The  distinctive  feature  of  this  staining  solution  is  that,  m 
place  of  diluting  the  alcoholic  solution  of  the  basic  dye  with  pure  water,  the  con- 
centrated stock  solution  is  dihited  witli  water  which  is  saturated  with  aniline  oil. 
Four  to  five  c.c.  of  aniline  oil  are  shaken  up  with  100  c.c.  of  distilled  water.  This 
oily  mixture  is  passed  through  a  damp  filter,  whereby  the  excess  of  undissolved 
oily  aniline  is  retained  by  the  filter,  and  to  the  clear  filtrate,  or  "aniline  water''  as 
ib  is  called,  are  added  11  c.c.  of  a  concentrated  alcoholic  solution  of  either  fuchsine, 
methyl  violet,  or  gentian  violet.  The  whole  is  then  frequently  shaken  during 
t^-enty-four  hours,  at  the  end  of  which  time  the  liquid  becomes  clear  and  ready  for 
use.    This  solution  will  keep  about  three  weeks. 

Ehrlich-Loffler  Solution. — This  is  a  modification  of  the  foregoing.  Dissolve 
5  grammes  of  solid  fuchsine  or  any  other  basic  colour  in  100  c.c.  of  aniline  water 
prepared  as  above.  If  kept  in  a  stoppered  bottle  in  the  dark,  this  solution  will 
keep  for  some  six  weeks.  Its  staining  powers  may  be  increased  by  adding  a 
solution  (1  in  1000)  of  caustic  soda  drop  by  drop,  until  the  previously  clear  solu- 
tion just  begins  to  become  cloudy,  but  not  actually  precipitated. 

Ehrlich-Weigert-Koch  Solution.—  To  100  c.c.  of  aniline  water  add  11  c.c.  of  a 
concentrated  alcoholic  solution  of  fuchsine  or  methyl  violet,  and  10  c.c.  of  absolute 
alcohol.    This  solution  will  only  keep  some  ten  days  or  so. 

Simple  Staining  of  Cover-glass  Preparations  of  Micro-organisms.—All  cover- 
glasses  and  slides  must  be  scrupulously  clean  and  free  from  grease.  This  cleansing 
is  best  secured  by  dipping  them  in  pure  sulphuric  acid,  then  washing  them  with 
distilled  water.  The  glasses  and  slides  should  be  afterwards  transferred  to  a 
mixture  containing  equal  parts  of  alcohol  and  ammonia,  and  then  dried  with  a 
perfectly  clean  soft  rag. 

A  sample  of  the  matter  to  be  examined  is  conveyed  on  to  a  cover-glass  with  the 
point  of  a  sterilised  platinum  needle,  and  diluted,  if  needful,  with  water,  after 
which  the  organisms  suspended  in  the  water  are  spread  out  over  the  surface  of  the 
glass  by  means  of  the  needle  ;  or,  a  better  way  is  to  press  another  cover-glass  upon 
the  prepared  one,  and  then  slide  it  ofl',  so  that  the  material  appears  equally  distri- 
buted on  both  cover-glasses.  Care  must  be  taken  that  there  is  not  too  much 
material  on  the  cover-glass,  and  that,  in  examining  cultivations  of  micro-organisms, 
none  of  the  culture  medium  is  introduced  along  with  the  organisms,  otherwise  the 
preparation  will  be  indistinct  and  dirty. 

When  the  cover-glass,  with  its  thin  lilni  of  material,  has  become  perfectly  air-dried, 
it  should  be  taken  up  with  a  pair  of  forceps  hy  the  edge  and  passed  three  times 
through  a  flame  to  fix  the  micro-organisms  to  its  surface,  after  which  the  staining 
is  eft'ected  by  dcipositing  a  few  drops  of  dye  on  the  infected  surface  of  the  cover- 
glass,  or  by  fioatiug  it  with  the  prepared  side  downwards  upon  some  of  tlie  staining 
solution  in  a  watch-glass.  After  from  one  to  five  minutes  it  is  freed  from  super- 
fiuous  stain  by  washing  in  water,  and  then  turned,  prepared  side  downwards,  on  to 
a  clean  slide,  gently  pressed  with  blotting-pajjer,  so  that  all  moisture  on  the  upper 
surface  is  removed,  and  examined  with  an  oil  immersion  lens,  a  drop  of  cedar  oil 
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being  first  placed  on  the  dried  surface.  If  a  permanent  preparation  is  required, 
tlie  cover-glass,  after  staining  and  washing,  must  be  allowed  to  become  quite  dry, 
and  be  then  pressed  down  on  to  a  drop  of  Canada  Ijalsam,  previously  placed  on  the 
slide. 

Decoloration  and  Double-staining.  —  In  order  to  obtain  greater  definition  of 
bacteria,  it  is  often  necessary  to  stain  in  two  colours.  Decoloration  is  the  essential 
principle  of  double-staining  ;  whilst  one  part  of  the  specimen  remains  coloured,  the 
other  portion  is  made  to  yield  up  its  colour,  after  which  it  is  treated  with  some 
other  stain,  the  application  of  which  does  not  affect  in  any  way  the  already  stained 
portion  of  the  specunen.  The  strongest  agents  for  decoloration  are  acids  combined 
with  alcohol.  The  following  are  the  principal  decolourising  agents  in  use  : — 5  per 
cent,  aqueous  solution  of  acetic  acid  ;  20  per  cent,  aqueous  solution  of  nitric  acid  ; 
3  per  cent,  alcoholic  solution  of  hydrochloric  acid. 

Spores  in  bacteria  are  very  conveniently  demonstrated  by  an  application  of  these 
principles.  A  cover-glass  preparation,  having  been  simply  stained  with  a  heated 
Ehrlich's  solution  of  fuchsine,  is  treated  with  a  decolourising  agent,  and  then 
thoroughly  washed  with  water,  and  finally  stained  with  the  ordinary  aqueous 
solution  of  methylene  blue.  The  spores,  which  are  not  affected  by  the  latter 
aqueous  stain,  will  still  remain  red  whilst  the  bacilli  have  assumed  the  blue  colour. 

Gram's  method  of  staining  consists  in  staining  a  cover-glass  preparation  or 
section  in  an  aniline- water  solution  of  gentian  violet  for  about  five  minutes,  after 
which  it  is  placed  in  a  solution  of  iodine  and  potassium  iodide  (1  iodine,  2  potas- 
sium iodide,  300  parts  water)  for  two  minutes,  and  then  washed  with  alcohol  until 
no  more  colour  is  removed  ;  it  is  then  placed  in  clove  oil,  by  means  of  which  some 
more  colour  is  extracted.    The  bacteria  come  out  stained  with  gentian  violet. 

Gram's  method  is  useful  as  an  aid  to  the  diagnosis  of  some  micro-organisms. 
Thus,  the  Pneumococcus  Fricdliinder  shows  no  staining  after  going  through  the 
process,  and  similarly  the  spirilla  of  cholera  and  relapsing  fever,  the  \f)acilli  of  enteric 
fever  and  glanders,  and  gonococci,  cannot  retain  the  colouring  matter,  but  give  it  up, 
as  do  the  nuclei  of  cells. 

It  is  important  to  bear  in  mind  that  fuchsine,  methylene  blue,  and  Bismarck 
brown  cannot  be  used  for  Gram's  method,  but  only  the  so-called  para-rosanihne 
colours,  to  which  belong  methyl  violet,  gentian  violet,  and  Victoria  blue  ;  all  these 
latter  have  a  strong  affinity  for  iodine. 

Staining  of  Flagella.— For  the  purpose  of  rendering  visible  the  flagella  of 
motile  micro-organisms,  Loffler  recommends  the  use  of  a  mixture  of  10  c.c.  of  a  20 
per  cent,  solution  of  tannin  with  5  c.c.  of  a  cold  saturated  solution  of  ferrous  sul- 
phate, and  1  c.c.  of  a  concentrated  aqueous  or  alcoholic  solution  of  fuchsine.  The 
above  solution  is  called  "the  mordant."  After  the  preparation  has  been  stamed  or 
mordanted  with  the  above  solution,  it  is  dyed  with  the  Ehrlich-Lofller  solution  of 
fuchsine  above  described,  to  which  a  1  per  1000  solution  of  caustic  potash  has  been 
added.  After  the  dye  has  been  washed  off  in  w;ater  the  preparation  is  ready,  and 
may  be  examined  in  the  usual  way  under  the  microscope. 

For  many  organisms  the  treatment  with  the  simple  mordant  is  sufficient,  but  for 
bacteria,  which  form  alkalies,  the  mordant  must  be  rendered  correspondmgly  acid  ; 
for  those  which  form  acids,  alkaline.  To  render  the  mordant  alkalme.  Loftier 
recommends  the  use  of  a  1  per  cent,  aqueous  solution  of  sodium  hydrate,  whilst  for 
the  acidification  of  the  mordant  he  employs  dilute  sulphuric  acid  of  such  strength 
that  a  given  vohune  is  exactly  neutralised  by  the  same  volume  of  the  1  per  cent, 
solution  of  caustic  soda.  .  j    j.  4.1 

The  following  are  the  additions  of  acids  and  alkali  respectively  made  to  tlie 
mordant,  as  recommended  by  Loffler,  for  particidar  micro-organisms  :— 

Spirillum  cholera;  AsiaticEe,  1  drop  of  acid  to  16  c.c.  of  mordant. 

„        Metchnikovi,  4  drops  „  „  » 

Bacillus  pyocyaneus,  5    »  »  .  »  " 

„      mesentericus  vulgatus,   4    „  alkali  „  » 

„      typhi  abdominalis,  22    „  „  »  » 

„      subtilis,  30    „  „  J) 

„      cEdematis  maligni,  36     „  „  » 

„      anthracis,  35 


Micrococcus  agilis,  20    „        „  »  » 
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Loffler's  method  not  only  stains  the  flagella  but  the  whole  micro-organism. 

Nicolle  and  Morax  have  recently  and  successfully  modified  the  above  details, 
whereby  the  addition  of  an  acid  or  alkali  is  omitted  ;  their  method  is  simply  to 
apply  the  mordant  three  or  four  times,  instead  of  only  once.  This  procedure  takes 
a  little  longer  to  carry  out,  but  is  certainly  simpler,  and  equally  effective  in  demon- 
strating the  flagella. 
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STERILISATION  OF  APPARATUS. 

Sterilisation  by  Dry  Heat.— Platinum  needles  are  sterilised  by  heating  them 
to  a  red  heat  in  the  flame  of  an  ordinary  Bunsen  burner.  A  dull  red  heat  is 
sufficient  to  sterilise  cauteries,  the  points  of  forceps,  and  small  glass  objects  such  as 
cover-slips  and  slides.  A  hot-air  chamber  is  used  for  the  sterilisation  of  glass 
flasks,  test-tubes,  plates,  and  Petri  dishes.  These  objects  should  be  cleansed  with 
pure  sulphuric  acid  and  then  washed  with  distilled  water  iintil  all  traces  of  acidity 
are  removed.  When  quite  dry  they  are  placed  ui  the  chamber,  which  is  then 
heated  up  to  150°  C.  and  maintained  at  this  temperature  for  three  hours.  It  is 
advisable  to  allow  the  temperature  to  fall  before  removing  glass  apparatus  from  the 
chamber,  as  sudden  cooling  may  cause  the  glass  to  crack. 

Sterilisation  by  Moist  Heat. — Tap-water  and  distilled  water  can  iisually  be 
sterilised  by  boiling  for  five  minutes.  Knives  and  other  instruments  are  best 
sterilised  by  boiling  in  water  for  twenty  minutes.  Sterilisation  by  moist  heat  at 
100°  G.  This  is  a  very  useful  method  of  sterilisation  and  is  usually  effected  in  a 
"  Koch's  steam  steriliser."  Steaming  for  one  hour  and  a  half  will  sterilise  any 
medium.  But  gelatine  media  so  treated  lose  their  power  of  solidification.  To 
obviate  this  difficulty  it  is  usual  to  steam  such  media  for  about  twenty  minutes  on 
three  successive  days.  Sterilisation  by  steam  under  pressure.  This  is  usually 
accomplished  in  an  auto-clave,  a  temperature  of  115°  C.  or  120°  0.  being  employed. 
An  exposure  to  tliis  temperature  for  twenty  minutes  will  kill  all  organisms  or 
spores. 

PREPARATION  OF  CULTURE  MEDIA. 

Nutrient  Broth. — One  pound  of  meat,  free  from  fat,  must  be  finely  minced, 
then  infused  in  a  litre  of  cold  distilled  water  and  allowed  to  stand  in  a  cold  place 
for  twenty-four  hours.  The  whole  mass  is  then  strained  through  a  cloth  and 
distilled  water  added  to  the  filtrate  so  as  to  make  up  the  volume  of  fluid  to  one 
litre.  Ten  grammes  of  peptone  and  five  grammes  of  common  salt  are  now  added 
to  the  litre  of  fluid  which  is  then  boiled  in  the  steam  steriliser  for  one  hour  at 
100°  C.  The  medium  is  then  made  slightly  alkaline  Avith  a  one  per  cent,  solution 
of  sodium  carbonate  and  again  boiled  in  the  steamer  for  half  an  hour.  Coagulated 
material  is  then  removed  by  filtration  through  folded  filter  paper  moistened  with 
distilled  water.  The  medium  is  finally  sterilised  in  the  steamer  on  three  successive 
days  for  a  quarter  of  an  hour  each  day.  Glucose  broth.  This  is  simply  ordinary 
broth  containing  1  or  2  per  cent,  of  grape  sugar.  The  stejos  in  the  preparation 
are  the  same  as  those  just  described.  It  is  a  useful  medimn  for  the  culture  of 
anaerobic  organisms.  Glycerine  broth.  The  first  steps  of  the  preparation  are  the 
same  as  for  ordinary  broth,  but  after  filtration  6  to  8  per  cent,  of  glycerine  is 
added. 

Gelatine  Media. — Peptone  gelatine  is  made  by  adding  10  to  15  per  cent, 
of  gelatine,  cut  into  small  pieces,  to  ordinary  broth  and  then  melting  it  in  the 
steamer.  The  fluid  is  then  rendered  slightly  alkaline  and  filtered  through  filter 
paper,  either  in  the  steamer  or  by  means  of  a  liot-water  filter.  If  the  fluid  ia  not 
quite  clear  after  filtration,  it  must  be  clarified  by  the  addition  of  the  white  of  an 
egg  and  subsequent  boiling  in  the  steamer  for  a  quarter  of  an  hour.    The  fluid  is 
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then  filtered  through  paper  or  butter  cloth  and  finally  sterilised  in  the  steamer  on 
three  successive  days  for  ten  minutes  each  day.  Glucose  gelatine  is  made  in  the 
same  manner,  with  the  addition  of  1  or  2  per  cent,  of  grape  .sugar. 

Agar  Media  —Ordinary  agar.  Agar  cut  into  very  fine  fragments  is  added  to 
ordinary  broth  iii  the  proportion  of  I'S  or  2  per  cent.  The  fluid  is  gently  boiled 
in  a  water-bath  for  two  or  three  hours,  till  the  agar  is  completely  melted.  The 
medium  is  next  rendered  slightly  alkaline,  made  up  to  its  original  volume  and 
filtered  in  the  steamer.  The  filtrate  is  placed  in  sterile  tubes  and  finally  sterilised 
in  the  auto-clave  for  15  minutes  or  in  the  "steamer"  for  an  hour  and  a  half. 
Ghicerine  agar.  This  is  made  in  the  same  manner,  6  to  8  per  cent,  of  glycerme 
being  added  after  filtration.  Glucose  agar  is  made  as  under  ordinary  agar,  2  per 
cent  of  glucose  being  added  along  with  the  agar. 

Peptone  Solution.— Witte's  peptone  in  the  proportion  of  1  to  2  per  cent,  along 
with  0-5  per  cent,  sodium  chloride  is  dissolved  in  distilled  water  by  heatmg. 
The  fluid  is  then  filtered,  placed  in  tubes  and  sterilised.  In  this  medium  cholera 
vibrios  grow  with  great  rapidity.  It  is  also  much  used  for  testing  the  formation  of 
indol  bv  different  bacteria.  , ,    i     -.i      ^  -u 

Potato  Medium.— A  large  potato  is  well  washed  and  scrubbed  witli  a  brusn 
A  cylinder  is  then  bored  from  its  interior  and  cut  obliciuely.  The  brown  peel  from 
the  ends  is  cut  oft'  and  the  wedges  so  obtained  are  allowed  to  soak  overnight  in 
water  in  order  to  get  rid  of  the  excess  of  starch.  Each  wedge  is  then  placed  m  a 
potato  tube  previously  fitted  with  a  pad  of  wool  at  the  bottom,  and  filled  for  about 
an  inch  in  depth  with  distilled  water.  The  tube  is  then  plugged  with  cotton  wool 
and  sterilised  in  the  Koch  steamer  for  one  hour.  Before  being  inoculated  the 
potato  should  be  incubated  for  twenty-four  hours  at  37°  C.  to  make  sure  that 
sterilisation  has  been  eflected.  Potato  is  a  very  important  meduun,  as  the  growths 
of  bacteria  on  it  are  often  very  characteristic. 

Milk  as  a  Culture  Medium.— Fresh  or  preferably  centrifugalised  milk  is 
steamed  for  fifteen  minutes  in  the  Koch's  steriliser,  and  placed  m  a  cool  place 
overnight  to  facilitate  separation  of  the  cream.  The  milk  is  then  siphoned  ott 
from  beneath  the  cream  and  placed  in  sterile  test-tubes.  The  tubes  are  then 
plugged  and  sterilisation  of  the  milk  effected  by  steanimg  at  100°  C.  on  three 
successive  days  for  one  quarter  of  an  hour  each  day. 

Litmus  Whey.— This  medium  was  suggested  by  Petruschky  for  the  study  ot 
the  acid  produced  by  the  fermentation  of  lactose.  Fresh  milk  is  warmed  and  the 
casein  coagulated  by  means  of  a  little  dilute  hydrochloric  acid.  Ihe  separated 
casein  is  then  filtered  off  and  the  clear  whey  neutralised  with  dilute  sodium  hydrate 
solution  The  fluid  is  then  steamed  for  two  hours,  a  little  acid  albumin  usually 
separates  and  is  filtered  oft'.  The  filtrate  should  now  be  clear,  colourless,  and  neutral 
in  reaction.  To  the  filtrate  5  per  cent,  of  a  saturated  alcoholic  solution  of  litmus  is 
added,  and  the  medium  placed  in  tubes  and  sterilised. 


APPENDIX  XII. 


PREPARATION  OF  AMMONIA-FREE  DISTILLED  WATER. 

This  is  a  matter  of  very  considerable  importance  in  the  preparation  of  standard 
solutions,  particularly  as  ordinary  distilled  water  is  rarely  free  from  ammonia,  lo 
overcome  this  difficulty,  the  Society  of  Public  Analysts  recommend  that  ordinary 
distilled  water  be  boiled  with  1  per  1000  of  jnire  ignited  sodium  airbonate.  A 
more  preferable  method  is  to  fix  all  the  ammonia  present  m  the  original  water  by 
the  addition  of  pure  phosphoric  acid  to  the  water  before  distillation,  m  the  pro- 
portion of  1  c.c.  of  the  acid  to  each  gallon  of  water  to  be  distilled.  The  distillate, 
as  a  ride,  comes  over  quite  free  from  ammonia,  but  it  should  be  always  tested  witU 
a  little  of  Nessler's  reagent. 
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 salicylic,  in  milk,        .         .  343 
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Air,   143 

 amount  of,  required,    .        .  203 

 for  animals,      .         .  208  • 

 for  lights,        .        .  207 

— —  for  removal  of  moisture,  209 

 for  the  sick,     .        .  207 

 bibliography  of,  .         .         .  264 

 calculation  of  amount  required, 

204,  205 

 collection  of  samples  of,        .  189 

 cooling  of.        .        .        .  255 
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Air,  diffusion  of,  .        150,  216 
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 effects  of  air  of  respiration,     .  166 

 effluvia  from  brickfields,  178 

 offensive  trades,  178 
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 suspended  matters  in,  170 
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 estimation  of  carbon-dioxide  in,  192 
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   of  micro-organisms  in,  197 

 ■  of  organic  matter  in,  .  193 

 of  oxygen  in,     .         .  190 

 of  ozone  in,      .         .  196 
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gen in,        .        .  197 

 of  sulphurous  acid  in,  .  196 

 examination  of,  .        .        .  189 

 bacteriologicaUy,       .  198 

 chemically,       .         .  190 

 microscopically,         .  1 97 

 f  orces  concerned  in  ventilation,  216 

 heating  of,        .        .        .  236 

 humidity  of,      .        .  147,  196,  780 

 influence  on  health,    .  751 

 impurities  of,     .         .         .  151 

 from  combustion,       .  159 

 from  respiration,        .  166 

 from  sewage  effluvia,   179,  183 

 from  trade  processes,  .  155 

 movement,  how  determined,  .  261 

 how  obtained,  .         .  217 

 influence  on  health,    .  752 

 of  marshes,  .         .  159 

 of  mines,  ....  155 

 of  sewers,         .        .        .  157 

 of  soil,     ....  461 

 organic  matter  in,       .        147,  193 

 supplies,  source,  and  distribu- 
tion of,         .        .        .  215 

 suspended  matter  in,   .        147,  152 

 temperature  of,  .        .        .  760 

 watery  vapour  in,       ,        .  147 

 weight  of,  .         .         .  149 

Air-meters,        ....  261 

Albuminoids.   See  Proteids. 

Alcohol  as  an  article  of  diet,    .        408,  411 

 estimation  of,    .        .        ,  395 

 physiological  action  of,  .  410 

 use  of,  in  bodily  labour,        .  412 

 great  heat  or  cold,      .  411 

 mental  work,    .        .  410 

 war,       .        .  .411 

Algoa  in  water,    ....  95 
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Alkali  Works,  law  relating  to, 
Alluvial  soils, 

 water  from, 

Altitudes,  correction  of  barometer  for 

 measurement  of, 

Alum  as  a  purifier  in  water,  . 

 in  beer,  . 

 in  bread,  . 

 in  flour,  . 

 in  wine,  . 

Aluminium  process  for  determination 

of  nitrates. 
Aluminous  substances  as  sewage  pre- 

cipitants. 
Amines  process  for  treating  sewage, 
Ammonia  in  air,  . 

 albuminoid  in  water,  . 

 free  in  water, 

 vapour  effects  of, 

Amceba  coli, 

Ainosba  dysenterice,    _  . 
Amphistomum  hominis, 
Analysis,  hygienic  value  of  water, 

-t:  —  of  air, 

 of  soil, 

 —  of  water,  . 

■  tables  illustrating, 


 volumetric,  principles  of, 

Anchylostomum  duodenale,  _  . 
Anderson  revolving  iron  purifier, 
Anemometers, 

Angus  Smith's  coating  for  water-pipes, 
Animals,  amount  of  fresh  air  for 

—  ciibic  space  for,  • 

 determination  of  age  of, 

 diseases  of, 

 distinction  of  sex  of,  . 

 inspection  of, 

 nuisance  arising  from  keeping 

 slaughtering  of,  . 

 water  necessary  for, 

Anthomyia  canicularis, 
Anthrax,  . 

Anticalcaire  for  purifying  water, 
Anticyclone,  . 
Anti-microbic  serum,  . 
Antiseptics,       .  . 
Anti-toxins, 
Apjohn's  formula, 
Aqueous  rocks ,  . 
Aqueous,  vapour,  tension  of,  . 
Arachnids,  parasitic, 
Argas  persicus,  . 
Argon,  .  . 

Army  statistics,  .         .     ■  • 
Arrowroots,        .  . 
Arsenic  in  trades,      ,  . 

 in  water, .  . 

Artesian  wells,.  .  .. 
Artificial  cooling  of  air, 

 improvement  of  wine,  . 

•  ventilation. 
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Atmometers, 
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Atomic  weights,  table  of,  ■  • 
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 in  water,  . 
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Bacteriological  examination  of  filters 
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 of  water, 

Bakehouses,  sanitary  law  relating  to. 
Baking,    .        .  ... 
Ball-traps,         .  ... 
Barfl's  coating  , for  water-pipes, 
Barley,  . 

Barometers,  construction  of,  . 

 corrections  for  reading, 

 fluctuations  of,  . 

 : —  reading  of, 

Barracks,  on  home  service, 

 in  hot  climates,  . 

 inspection  of, .  . 

 ventilation  of,  at  home, 

 ,  in  tropics, 

 warming  of. 

Baths  and  wash-houses,  law  as  to, 
Beans,      .        •        .  . 
Bedding,  disinfection  of. 
Beef -broth,  preparation  of,  for  bacterial 
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from,   359 

Brickfields,  efiBuvia  arising  from,      .  178 

Bromine  treatment  of  water,  .  .  48 
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Buildings,  new  law  relating  to,         .  920 

Burial  Boards,  law  as  to  formation  of,  950 

 of  dead,  law  relating  to,         .  950 

Butter,   344 

 adulteration  of,           .         .  345 

 examination  of,           .         .  345 

 in  relation  to  tubercle  bacilli,  344 

Buys  Ballot's  law,  .  .  .800 
Bye-laws,  .        .        .  .880 

 model,  as  to  burial  grounds,  .  951 

 canal  boats,     .  920 

 cleansing  and 

scavenging,  .  891 
 common  lodg- 
ing houses,   .  905 

 mortuaries  and 

cemeteries,   .  949 


movable  dwellings,  920 


 new  streets  and 

houses,        .  922 

 offensive  trades,  927 

 privies  and  mid- 
dens, .        .  888 

 slaughter-houses,  936 

 tenement  houses,  908 

Cabbage,  .  .  .  .  288 
Calcium  Hypochlorite  treatment  of 

water,    .....  48 

Calculation  of  diets,      .         .  289 

 of  discharge  from  sewers,       .  561 

 of  work  done,    .        .        .  450 
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Capillarity,  correction  for,      .         .  794 

Carbalite  as  a  filtering  medium,  53 

Carbide,  magnetic,       ...  53 

Carbo-hydrates,  .        .        .  269,  273,  277 

Carbolic  acid  as  a  disinfectant,         .  732 

Carbon,  amount  required  in  daily  food,  285 

 dioxide  in  the  air,        .         .  145 

 of  barracks,     .  167 

 of  marshes,      .  159 

 of  mines,        .  155 
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 of  respiration,  .  166 
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 of  stables,       .  168 
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 elimination  of,  .         .  441 

 estimation  of,  in  air,   .  192 

 in  water,  88 

 disulphide  as  a  disinfectant,   .  735 

 effects  of,         .        .  175 

 manganous,       .         .         .  53 

 monoxide,  estimation  of,  in  air,  195 

 poisoning  from,  .  175 

 organic,  in  water,        .        .  72,  92 

Carbonates  in  water,  ...  88 
Carbonic  acid.  See  Carbon  dioxide. 
Carboniferous  soils,  .  .  .  457 
Carburetted  water-gas,  .  .  .  175 
Cattle,  diseases  of,  .  .  .  303 
Cavalry,  weight  of  dress  and  eqiiipment,  1006 
Cellar  dwellings,  law  relating  to,  .  903 
Cellular  cloth,  .  .  .  .437 
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Chalk  soils,        .         .         .  .457 

 water  from,       ...  26 

Chamberland-Pasteur  filters,  .  .  53 
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 filtering  medium  as,     .        .  52 

Charles'  law,      ....  149 

Charqui,  384 
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Cheese,  .  .  .  .  .349 
Chemical  works,  law  relating  to,      .  934 

 disinfectants,     .        .        .  731 

Chemiotaxis,  ....  627 
Chicken-pox,  ....  633 
Chicory,  .....  421 
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Chlorine  as  a  disinfectant,      .        .  733 

 in  water,  .        .  23,  60,  69,  90 
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 powers  of  Local  Government 
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Closets,  earth, 

 slop, 

•  trough. 


Clothiuj; 


—  tub  and  pail, 
water, 


■  principles  of  selection, 

 of  the  soldier,  . 

Clouds,  .  .  •  • 
Coal,  combustion  of, 
Coal  gas,  .... 
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Coke-beds  for  treatment  of  sewage, 
Collection  air,  samples  of, 

 water,  samples  of, 

—  supplies  of, 
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 of  London,      .  963 

Potassium  permanganate  for  piu-ifying 
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 unhealthy  areas, 

•  dwellings, 


Saprolegnia, 
Sausages,  . 
Scarlet  fever, 
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Ships,  ventilation  of,     .        .        .  1042 

 water-supply  of,          .         .  1049 

Shoddy,  detection  of,    .         .         .  434 

Shoes  and  boots, ....  440 

Shone  system  of  sewage  removal,      .  577 

Sicherheit  explosive,  effects  of,  on  air,  177 

Sickness-rates,    ....  828 

 in  army,  ....  1025 
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Siphon  traps,      .        .        .        .  548 
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Smoke,  prevention  of  nuisances  from,  790 
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 formation  of,      .         .         .  458 

 geological  origin  of,     .        .  454 
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 in  relation  to  anthrax,  .         .  478 

 to  calculus,      .         .  478 

 to  cancer,        .        .  479 

 to  cholera,       .        .  480 

 to  diarrhoea,     .         .  482 

 to  diphtheria,   .         .  484 

  to  dysentery,    .         .  486 

 to  enteric  fever,         .  486 

 to  goitre,         ,        .  489 

 to  lead  in  water,        .  490 

 to  malaria,       .         .  491 

 to  malignant  oedema,  .  493 

 to  phthisis,      .        .  494 

 to  rheumatism,          .  496 

 to  rickets,        .         .  497 

 to  tetanus,       .         .  497 

 to  yellow  fever,          .  497 
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PAGE 

Spongy  iron  as  a  filtering  medium,  .  53 
Spring  water,  ....  12 
Springs  as  sources  of  water-.supply,  .  13,  26 
Stables,  ventilation  of,  ,  .  .  215 
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 on  board  ships,  .  1049 
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Tliermantidote,  . 
Thermometers,  . 
Thresli's  disinfector, 

 oxygen  process,  . 

Thunderstorms,  . 
Tidy's  oxygen  process,  . 
Tin  for  water-pipes, 
Tobacco  smoke,  vitiation  of  air 
Tobin's  tubes, 
Tous  les  mois  arrowroot, 
TradeS;  offensive , 
Training,  .         .         •  • 

Traps  for  sewers,  _  _  . 

Trematoda,  parasitic,  . 

Tricocephahis  clis]}ar,  . 
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Tripe-boiling, 

Trough-closets,  . 

Tub  and  pail  closets, 

Tubercular  diseases, 

 in  relation  to 

air,        .         .         .  • 

Tube  wells. 

Typhoid.    See  Enteric  Fever. 
Typhus  fever, 
Tyrotoxicon, 

Unhealthy  areas,  law  as  to, 

 dwelling-houses,  law  as  to. 

United  States  soldier's  food,  . 
Unsound  food,  law  as  to, 
Upland  surface  water,  . 
Urban  and  rural  mortality. 
Utilisation  of  blood, 

Vaccination, 

Vapour,  effects  of,  on  temperature, 

 elastic  force  of,  . 

 weight  of. 

Varnish-making,  . 
Vegetable  acids,  . 
Vegetables,  composition  of, 

 •  dried  and  preserved. 

Velocity  of  air,  how  calculated, 

 discharge  from  sewers. 

Venereal  disease  in  the  army,  • 
Ventilation, 

 artificial,  . 

 comparative  value  of  methods 

of,        ■        •        ■  ^ 

 examination  of  sufficiency  of 

 extraction  by  fans, 

 by  heat,  . 

■  by  steam  jets,  . 
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■  forces  concerned  in, 

-  friction  in, 

-  natural,  . 

-  of  barracks  abroad, 
■  at  home, 


 of  hospitals, 

 of  schools, 

 of  sewers, 

 of  ships,  .     _  . 

 of  soil  pipes, '  . 

practical  examination  of, 


Vinegar, 
Vital  statistics, 


of  the  army, 

of  the  mercantile  marine,  1058 
of  the  navy, 


Vitiation,  respiratory. 
Volumetric  analysis,  theory  of, 
V-shaped  depressions,  . 


Walls, 

War,  rations  for. 
Warming  by  fireplaces, 

 by  hot  air, 

 by  hot  water, 

 by  steam, 

 by  stoves, 

 of  barracks, 

 of  houses, 

 of  ships,  , 

Washington-Lyon's  disinfector, 
Waste  pipes. 
Water, 

 action  of,  on  lead  pipes, 

 amoxint  required, 

 for  animals, 

 for  domestic 

purposes, 

 for  hospitals, 

 for  trade  purposes 

•  for  water-closets, 


708 
343 

910 
912 
1002 
938 
11 
823 
849 

693 
785 
783 
786 
856 
271 
378 
385 
219 
■  561 
1026 
202 
229 

235 
259 
232 
229 
231 
216 
220 
222 
977 
968 
524 
518 
564 
1042 
547 
261 
426 
807 
1021 


1059 
166 
64 
801 


 supplied  to  cities, 

 to  sailor.'i, 

  to  soldiers, 

—  analysis  of, 
 hygienic  value  of, 

—  bacteriological  examination  of 

—  barometers, 

—  boiling  points  of, 

—  classification  of  kinds  of, 

—  closets,  . 

—  collection  of, 
•  of  samples  of. 


 comparative  value  of  different 

sources  of, 

 composition  of, 

■  constant  supply  of. 


-  diseases  produced  by  impure, 

-  dissolved  solids  in, 

-  (listillation  of,  . 

-  distilled,  . 

-  distribution  of,  . 

-  effects  of  impure, 

-  examination  of,  . 

 bacteriological,  . 

 chemical; 

 microscopic, 

 physical, 

 qualitative, 

 quantitative, 

of  suspended  matter, 


Water-filters,  methods  of  testing, 
Water,  filtration  of, 

 impurities  of, 

 in  relation  to  cholera,  . 

 to  diarrhoea, 

.  diphtheria, 

 dysentery, 

 ■  dyspepsia, 

 enteric  lever, 

  entozoa,  . 

  ■  goitre, 

  lead  poisoning,  . 

  malaria,  . 

.   parasitic  diseases, 

 yellow  fever,  . 

 •  in  soil, 

 .  insufficient  supply  of,  . 

 intermittent  supply  of, 

.  purification  of,  . 


•  rain, 

•  river, 
■  sea. 
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969 
236 
1046 
727 
547 
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23 
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1049 
4 
56 
134 
96 
792 
2 
17 
544 
18 
57 
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31 
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49 
25 
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41 
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34 
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38 
464 
29 
20 
45 
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Water,  search  after,     .        .        .  55 

 snow,      ....  11 

 spring,     ....  12 

 upland  surface,  ...  11 

 special  sterilisers  of,     .        .  45 

 sources  of,        .        .        -  8 

 storage  of,         .         .         .18,  20 

 supplies,  modes  of,      .        .  18 

 law  relating  to,          .  893 

Water  g^,  ....  175 
Waterhouse-Forbes  water  steriliser,  46 
Weather.  See  Climate. 
Weather  forecasting,  .  .  .  799 
Weevil  in  flour,  ....  354 
Weights  of  soldier's  equipment,  .  1006 
Wells  as  sources  of  water-supply,  .  19 
Werner-Schmidt's  process  for  esti- 
mating fat  in  milk,    .        .        .  334 

Wheat,   350 

 diseases  connected  with  altered 

qualities  of,   .        .        .  359 

.          diseases  of,       .        .        .  351 

 examination  of,  .        .        .  350 

Whisky,   407 


PAGE 


Whooping-cough,         .        .        .  710 

Wind   770 

 action  of,  in  ventilation,       .  217 

 influence  on  health,     .  752 

Wines,   399 

 adulteration  ol',  .        .        .  405 

 artificial  improvement  of,      .  402 

 —  examination  of,  .         .         .  404 

Wool  as  an  article  of  clothing,         .  432 

Wool-sorting,  ....  859 
Work.    See  Exercise. 

 calculation  of,    ,        .        .  282 

— '■ —  diets  for  various  degrees  of,   .  286 

Working  classes,  law  as  to  housing  of,  909 

Workshops,  sanitary  legislation  of,   .  929 

Worms  in  water,          ...  42 

Yellow-fever,      .        .        .  .712 

 in  relation  to  soU,       .  497 

 to  water,         .        .  38 

Zinc  chloride  as  a  disinfectant,         .  740 

 poisoning  through  water,       .  44 

 works,  hygiene  of,       .        .  865 
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